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(57) ABSTRACT 

A data output drive transistor is rendered conductive when 
the potential of an internal node attains an H level, whereby 
an output node is discharged to the level of ground potential. 
When the drive transistor is turned on, the output node is 
discharged to the level of ground potential at high speed. 
This drive transistor is turned on for a predetermined time 
period when output of a high level data is completed, 
whereby the output node is discharged to the level of the 
ground potential for a predetermined time period. As a 
result, the potential of the output node is lowered from a high 
level to an intermediate level, so that the amplitude of a 
Subsequent output signal is reduced. An output circuit that 
can effectively prevent generation of ringing with no 
increase in the access time is provided. A countermeasure is 
provided to suppress a ringing at output node which drives 
the output node at high speed when the output node potential 
attains a potential at which no ringing is caused. A stable 
output signal is provided at high speed. 
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DATA OUTPUT CIRCUIT WITH REDUCED 
OUTPUT NOISE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to output circuits, and 
more particularly, to improvement of a data output circuit 
used in a semiconductor memory device. 
0003 2. Description of the Background Art 

0004 FIG. 86 is a block diagram schematically showing 
an entire structure of a general dynamic semiconductor 
memory device. Referring to FIG. 86, the dynamic semi 
conductor memory device includes a memory cell array 900 
in which dynamic type memory cells MC are arranged in a 
matrix of rows and columns. In memory cell array 900, a 
word line WL is provided corresponding to each row of 
memory cells. A pair of bit lines BL and ZBL are provided 
corresponding to each column of memory cells MC. A 
memory cell MC is provided corresponding to the crossing 
of one word line WL and a pair of bit lines BL and ZBL. 
FIG. 86 representatively shows one word line WL and a pair 
of bit lines BL and ZBL. Data complementary to each other 
appear on bit line BL and complementary bit line ZBL. 

0005 The dynamic semiconductor memory device fur 
ther includes an address buffer 902 for generating internal 
row and column address signals RA and CA according to an 
externally applied address signal Ad, a row decoder 904 for 
decoding an internal row address signal RA from address 
buffer 902 to select a corresponding word line in memory 
cell array 900, and a column decoder 906 for decoding an 
internal column address signal CA from address buffer 902 
to generate a column select signal for selecting a corre 
sponding column (bit line pair) in memory cell array 900. 

0006 Address buffer 902 includes a row latch905 acti 
vated in response to an internal row address strobe signal 
ZRAS for latching an applied address signal Ad and gener 
ating an internal row address signal RA, and a column latch 
907 responsive to an internal column address strobe signal 
ZCAS for latching an applied address signal Ad and gener 
ating an internal column address signal CA. 

0007. A row address signal and a column address signal 
are provided to address buffer 902 in a time-division mul 
tiplexed manner. Internal row address strobe signal ZRAS is 
generated from RAS buffer 910 receiving an external row 
address strobe signal /RAS. Internal column address strobe 
signal ZCAS is generated from CAS buffer 912 activated in 
response to activation of internal row address strobe signal 
ZRAS and receiving an external column address strobe 
signal /CAS. 

0008. The dynamic semiconductor memory device fur 
ther includes a sense amplifier 914 for detecting and ampli 
fying data of a memory cell connected to a word line 
selected in memory cell array 900, and an IO gate 916 
responsive to the column select signal from column decoder 
906 for connecting a corresponding column (a bit line pair) 
in memory cell array 900 to an internal data bus 915. Sense 
amplifier 914 has its operation controlled by a clock control 
circuit 918 responsive to internal row address strobe signal 
ZRAS for generating a sense amplifier activation signal (not 
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shown explicitly) at a predetermined timing. Clock control 
circuit 918 also controls the activation/inactivation of row 
decoder 904. 

0009. The semiconductor memory device further 
includes an ATD circuit 920 for detecting a change in 
internal column address signal CA from column latch 907 
for generating an address transition detection signal (pATD 
when the change is detected, an input/output control circuit 
922 for generating a timing control signal determining data 
input/output timing according to internal column address 
strobe signal ZCAS from CAS buffer 912, an external 
write/read designating signal (write enable signal)/WE, and 
address transition detection signal pATD, an input circuit 
924 responsive to a data write designating signal (not 
explicitly shown) from input/output control circuit 922 for 
transmitting internal write data according to external data D 
to internal data bus 915, and an output circuit 926 responsive 
to a data output permission signal from input/output control 
circuit 922 for generating and providing external readout 
data Q from the internal readout data appearing on internal 
data bus 915. 

0010) Write enable signal /WE specifies a data writing 
operation when attaining an L level (logical low), and a data 
readout operation when attaining an H level (logical high). 
The operation will now be described briefly. 
0011 When external row address strobe signal /RAS is 
pulled down to an L level, which in turn causes internal row 
address strobe signal ZRAS from RAS buffer 910 to attain 
an L level, a memory cycle is initiated. In response to 
internal row address strobe signal ZRAS attaining an L level. 
row latch 904 in address buffer 902 latches a currently 
applied address signal Ad to generate and provide to row 
decoder 904 an internal address signal RA. Clock control 
circuit 918 provides an activation signal to row decoder 904 
according to this internal row address strobe signal ZRAS at 
L level. Row decoder 904 decodes internal row address 
signal RA to select a corresponding word line in memory 
cell array 900. As a result, data in a memory cell connected 
to the selected word line is read out on a corresponding bit 
line BL (or ZBL). Then, sense amplifier 914 is activated 
according to a sense amplifier activation signal (not explic 
itly shown) from clock control circuit 918, whereby the 
potentials on bit lines BL and ZBL are amplified differen 
tially. 
0012 Following the fall of external row address strobe 
signal /RAS, external column address strobe signal /CAS 
attains an L level, and internal column address strobe signal 
ZCAS of an L level is generated from CAS buffer 912 
attaining an enable state by internal row address strobe 
signal ZRAS of an L level. In response to internal column 
address strobe signal ZCAS, column latch 907 latches an 
applied address signal Ad to generate an internal column 
address signal CA. Column decoder 906 decodes this inter 
nal column address signal CA to generate a signal for 
selecting a column (a bit line pair) in memory cell array 900. 
Following the sensing and amplification of memory cell data 
on each bit line pair by sense amplifier 914, IO gate 916 
responds to a column select signal from column decoder 906 
to conduct, whereby a corresponding bit line pair is con 
nected to internal data bus 915. Then, data writing or reading 
is carried out via input circuit 924 or output circuit 926. 
0013 FIG. 87 shows a structure of a 1-bit data output unit 
of output circuit 926. When the semiconductor memory 
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device of FIG. 86 has a structure where multibit data such 
as 4 bits and 8 bits are input/output, a plurality of the 
input/output units of FIG. 87 are provided according to the 
number of bits of data. 

0014) Referring to FIG. 87, output circuit 926 includes an 
inverter 5 for inverting data ZDD appearing on an internal 
data bus line 915b, a 2-input AND gate 3 receiving an output 
permission signal OEM and an output of inverter 5, a 2-input 
AND circuit 4 receiving output permission signal OEM and 
internal readout data ZDD, a first output drive transistor 1 
responsive to an output of AND circuit 3 for driving an 
output node 6 to a level of a power Supply potential Vcc, and 
a second drive transistor 2 responsive to an output of AND 
circuit 4 for discharging output node 6 to the level of a 
ground potential GND. Drive transistors 1 and 2 are both 
formed of an in channel MOS (insulated gate type) transistor. 
Output permission signal OEM is generated according to 
internal column address strobe signal ZCAS from input/ 
output control circuit 922 shown in FIG. 86 and address 
transition detection signal cpATD. The operation of the 
output circuit shown in FIG. 87 will now be described with 
reference to the operation waveform diagram of FIG. 88. 
0015. At an elapse of a predetermined time period from 
the attaining of internal column address strobe signal ZCAS 
to L level, a signal of a logic opposite to that of data in the 
selected memory cell is transmitted on internal data bus line 
915b. Internal data bus line 915b is precharged to the level 
of an intermediate potential during the standby state. FIG. 88 
shows the state where a data signal of an L level appears on 
internal data bus line 915b. 

0016. During the period when output permission signal 
OEM attains an L level, both outputs of AND circuits 3 and 
4 attain an L level, and drive transistors 1 and 2 are both 
OFF. Thus, the high impedance state (Hi-Z) of output node 
6 is maintained. 

0017 When output permission signal OEM attains an H 
level, AND circuits 3 and 4 are enabled. Data signal ZDD on 
internal data bus line 915b attains an H level and the output 
of inverter 5 attains an L level. Therefore, according to 
output permission signal OEM of an H level, the output of 
AND circuit 4, i.e., the potential of node N2 is pulled up to 
an H level, and second drive transistor 2 is turned on. Output 
node 6 is discharged to the level of ground potential GND 
via second drive transistor 2, whereby output data Q of an 
L level is provided. 

0018 When data signal ZDD attains an L level, the 
output of AND circuit 3, i.e., the potential of node N1 is 
pulled up to an H level in response to the rise of output 
permission signal OEM, whereby first drive transistor 1 is 
turned on. This causes output node 6 to be charged to a 
potential level lower than power supply potential Vcc by the 
threshold Voltage of transistor 1. As a result, output data Q 
attains an H level. In general, a booster is provided to 
compensate for the threshold Voltage loss of the output data. 

0.019 Drive transistors 1 and 2 have their current driving 
capability set to drive a great current flow Such as several 
mA in order to charge/discharge an external load at high 
speed to provide data speedily. A semiconductor memory 
device is sealed in a package. In this case, output node 6 is 
connected to a frame lead forming an output terminal via a 
bonding wire, as shown in FIG. 89. In FIG. 89, this bonding 
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wire and frame lead are shown as output terminal 930. Not 
only parasitic capacitance C, but also parasitic inductance L. 
are present in Such a bonding wire and frame lead. A current 
change in parasitic inductance L generates a Voltage repre 
sented by the equation of 

where di/dt is the time differential of a current i flowing 
through inductance L. 

0020 When drive transistors 1 and 2 are both turned off, 
output node 6 attains an high impedance state where the 
potential level of the previous output data Q is maintained. 
Therefore, when data Q of an L level is to be output after 
output data Q of an H level is provided, ringing occurs in 
output node 6 since output node 6 is discharged via drive 
transistor 2 having a great current driving capability, as 
shown in FIG. 90A. 

0021) When data Q of an H level is to be output after 
output data Q of an L level is provided, output node 6 is 
charged via drive transistor 1 having a great current driving 
capability. Therefore, overshooting occurs as shown in FIG. 
90B since there is a great change in current in parasitic 
inductance L. 

0022. Also in the structure of maintaining output node 6 
at an intermediate potential differing from the structure of 
maintaining output node 6 at a high impedance state, the 
output node precharged to the intermediate potential is 
charged/discharged according to the logic of the data to be 
output via drive transistor 1 having a great current driving 
capability. Therefore, the similar occurrence of ringing at the 
output node is encountered. 
0023. When ringing such as the above-described over 
shooting or undershooting occurs, there is a problem that 
data cannot be read out until the output data is stabilized, so 
that e the access time is increased. When the amplitude of 
generated undershooting is great, a great Voltage is applied 
across the gate and drain (node terminal connected to output 
node 6) of output drive transistor 1, resulting in the problem 
that the breakdown voltage characteristic of transistor 1 is 
degraded. The same problem is encountered in drive tran 
sistor 2. 

0024. An approach of carrying out the drive of an output 
node in two stages is considered to prevent the above 
described problem of ringing, as shown in FIG.91. FIG.91 
shows the structure of only the portion associated with 
discharging the output node in two stages. 

0.025 Referring to FIG.91, the output circuit includes 
drive transistors 2a and 2b connected in parallel between 
output node 6 and a ground potential node. Drive transistors 
2a and 2b are formed of n channel MOS transistors. The 
current driving capability of drive transistor 2a is set Smaller 
than that of drive transistor 2b. This is realized by adjusting 
the channel length or the channel width of the transistor. The 
output of AND circuit 4 receiving output permission signal 
OEM and internal readout data signal ZDD is provided to 
the gate of drive transistor 2a. A delay stage 7 for delaying 
the signal potential on node N2 for a predetermined time and 
an AND circuit 8 for receiving an output of delay stage 7 and 
the signal potential on node N2 are provided to control the 
on/off of drive transistor 2b. The output of AND circuit 8 is 
provided to the gate of drive transistor 2b. Delay stage 7 
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includes an even number of inverters (four inverters in FIG. 
91) to delay an applied signal for a predetermined time. The 
operation of the output circuit of FIG. 91 will now be 
described with reference to the operation waveform diagram 
of FIG 92. 

0026. When internal column address strobe signal ZCAS 
attains an L level of an active state, a column select 
operation is initiated, and data of a selected memory cell is 
transmitted on internal data bus line 915b. When output 
permission signal OEM is pulled up to an H level, the 
potential of node N2 attains an H level, whereby drive 
transistor 2a is turned on. As a result, output node 6 is 
discharged mildly. The output of delay stage 7 still attains a 
low level, and the potential of node N3 is at an Llevel. Drive 
transistor 2b is still turned off. 

0027. When the output of the delay stage 7 attains an H 
level at an elapse of a predetermined time period, the output 
of AND circuit 8 is pulled up to an H level, whereby drive 
transistor 2b is turned on. As a result, output node 6 is 
discharged at a high speed. The potential of output node 6 is 
sufficiently lowered when drive transistor 2b is turned on. 
Therefore, there is almost no ringing even when output node 
6 is discharged at high speed. This is because the maximum 
amplitude in a RLC circuit at the occurrence of damping 
oscillation is proportional to the Voltage value where that 
rapid discharging is carried out. 

0028. A static column mode is a well known operation 
mode in a dynamic semiconductor memory device. As 
shown by the operation waveform diagram of FIG. 93, data 
is input/output in random by entering only an address signal 
with respect to one row of memory cells specified by a row 
address signal X in the static column mode. 
0029 More specifically, row address strobe signal ZRAS 

is first pulled down to an L level, whereby a row address 
signal is entered to select a word line. The data of memory 
cells connected to the selected word line are sensed and 
amplified by the sense amplifiers to be latched. Data of a 
corresponding column address is output by entering a col 
umn address signal Yasynchronously and maintaining the 
same for a predetermined time. In this static column mode, 
column address strobe signal ZCAS has the function of 
output enable, not the function of designating a column 
address latch, and is maintained at L level. In this static 
column mode, data can be output at high speed without 
toggling of column address strobe signal /CAS to enter a 
column address signal. 
0030. It is to be noted that output permission signal OEM 

is maintained at an H level as shown in FIG. 93 in a static 
column mode. Therefore, one of drive transistors 1 and 2a 
is turned on, and output node 6 is maintained at an H or L 
level. When data of an L level is to be provided following 
a data output of an H level, the potential amplitude of output 
node 6 is increased to generate ringing if the delay time of 
delay stage 7 is too short in Such a static column mode 
operation. If the delay time of delay stage 7 is increased to 
prevent such generation of ringing, the access time will be 
lengthened to degrade the advantage of high speed access of 
the static column mode. 

0031. A delay stage is formed of an inverter. In general, 
a CMOS inverter of low power consumption is used as such 
an inverter. An MOS transistor has its driving capability 
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determined depending upon the gate Voltage. More specifi 
cally, the operating speed of the inverter is increased as the 
operating power Supply Voltage of the inverter forming the 
delay stage becomes higher, to result in a shorter delay time 
of the delay stage. Furthermore, an increase in the operating 
temperature causes reduction in the operating speed of the 
MOS transistor (due to increase in the threshold voltage and 
the channel resistance by generation of hot carriers). There 
fore, as the operating temperature increases, the operating 
speed of the inverter forming the delay stage is reduced to 
increase the delay time of the delay stage. Such a variation 
in the delay time of the delay stage makes different the 
on-timing of drive transistor 2b shown in FIG. 91. In this 
case, a shorter delay time may cause drive transistor 2b to be 
turned on when the potential of the output node is not 
lowered sufficiently. Therefore, output node 6 will be dis 
charged at high speed to result in generation of ringing. The 
driving capability of the output drive transistor is increased 
when the power Supply Voltage is increased or at a low 
operating temperature. Therefore, there is a problem that 
ringing occurs more easily. 

SUMMARY OF THE INVENTION 

0032. An object of the present invention is to provide an 
output circuit that can output a signal stably at high speed 
without generation of ringing. 
0033. Another object of the present invention is to pro 
vide an output circuit in a semiconductor memory device 
that can output a data signal stably without increase in the 
access time. 

0034. An output circuit according to an aspect of the 
present invention includes an adjustment unit coupled to a 
data output node for adjusting the charging/discharging 
speed of the data output node when a data output permission 
signal is activated, or for driving the data output node to the 
level of a predetermined potential when the data output 
permission signal is inactivated so as to reduce ringing at the 
data output node at the time of data output. The adjustment 
unit can be realized in various manners. 

0035 An output circuit according to another aspect of the 
present invention includes a first drive element coupled 
between an output node and a reference Voltage node and 
responsive to an internal signal for driving the output node 
and an output pad to the level of the voltage on the reference 
Voltage node with a first current driving capability, a second 
drive element connected between the output node and the 
reference Voltage node, having a current driving capability 
greater than that of the first drive element, and rendered 
conductive at a timing behind that of the first drive element 
for driving the output node and the output pad to the Voltage 
level on the reference Voltage node, and a noise absorbing 
unit provided between the first drive element and the output 
pad for absorbing a noise Voltage appearing on the output 
pad. 
0036). According to the one aspect, the charging/discharg 
ing speed or the potential of the data output node is adjusted 
by the adjustment unit to reduce the di/dt of the data output 
node to Suppress generating of ringing. In the output circuit 
of the another aspect, a protection circuit for absorbing 
excessive noise Such as a Surge Voltage is provided between 
the output pad and the drive transistor of a small current 
driving capability. 
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0037. Therefore, the drive transistor with a small current 
driving capability and a low breakdown voltage can be 
prevented from being damaged by excessive noise Such as a 
Surge Voltage. Therefore, an output circuit with high immu 
nity to noise can be provided. 
0038. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.039 FIG. 1 shows a structure of an output control circuit 
according to a first embodiment of the present invention. 
0040 FIG. 2 is a signal waveform diagram showing an 
operation of the output control circuit of FIG. 1. 

0041 FIG. 3 shows a first modification of the first 
embodiment of the present invention. 
0.042 FIG. 4 is a diagram used for explaining the opera 
tion of the output control circuit of FIG. 3. 
0.043 FIG. 5 shows a structure of an output permission 
signal generation circuit of FIG. 1. 
0044 FIG. 6 is a signal waveform diagram representing 
an operation of the output permission signal generation 
circuit of FIG. 5. 

004.5 FIGS. 7 and 8 show second and third modifica 
tions, respectively, of the first embodiment of the present 
invention. 

0046 FIG.9 shows a structure of an output control circuit 
according to a second embodiment of the present invention. 
0047 FIGS. 10 and 11 are signal waveform diagrams 
representing the operation of the output control circuit of 
FIG. 9. 

0.048 FIG. 12 shows a modification of the second 
embodiment of the present invention. 
0049 FIG. 13 is a signal waveform diagram representing 
an operation of the output control circuit of FIG. 12. 
0050 FIG. 14 is a diagram for showing the timing 
relationship of an output designating signal and an output 
permission signal, and the relationship of resulting output 
signals and these signals. 

0051 FIG. 15 is a diagram used for explaining the timing 
relationship of an output designating signal and an output 
permission signal, and the relationship of output data signals 
and these signals. 

0.052 FIG. 16 shows a structure of an output control 
circuit according to a third embodiment of the present 
invention. 

0053 FIGS. 17A and 17B are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 16. 

0054 FIGS. 18A and 18B show a structure and a signal 
waveforms, respectively, of a first modification of the third 
embodiment of the present invention. 
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0.055 FIGS. 19 and 20 show a structure of a second 
modification and a third modification, respectively, of the 
third embodiment of the present invention. 
0056 FIG. 21 shows a modification of the NAND circuit 
shown in FIG. 20. 

0057 FIG. 22 is a signal waveform diagram representing 
an operation of the circuit of FIG. 21. 
0058 FIG. 23 shows a structure of an output control 
circuit according to a fourth embodiment of the present 
invention. 

0059 FIGS. 24A and 24B are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 23. 

0060 FIG. 25 is a first modification of the output control 
circuit of the fourth embodiment of the present invention. 
0061 FIGS. 26A and 26B are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 25. 

0062 FIG. 27 shows a second modification of the output 
control circuit of the fourth embodiment of the present 
invention. 

0063 FIGS. 28A and 28B are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 27. 

0064 FIG. 29 shows a third modification of the output 
control circuit according to a fourth embodiment of the 
present invention. 
0065 FIGS. 30A and 30B are signal waveform diagrams 
showing an operation of the output control circuit of FIG. 
29. 

0066 FIG. 31 shows a fourth modification of the output 
control circuit of the fourth embodiment of the present 
invention. 

0067 FIGS. 32A and 32B are signal waveform diagrams 
representing the operation of the output control circuit of 
FIG. 31. 

0068 FIGS. 33 and 34 show a fifth modification and a 
sixth modification, respectively, of the output control circuit 
of the fourth embodiment of the present invention. 
0069 FIGS. 35A and 35B are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 34. 

0070 FIG. 36 shows a seventh modification of the output 
control circuit of the fourth embodiment of the present 
invention. 

0071 FIGS. 37,38, and 39 are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 36. 

0072 FIG. 40 shows an eighth modification of the output 
control circuit of the fourth embodiment of the present 
invention. 

0073 FIGS. 41 and 42 are signal waveform diagrams 
representing an operation of the output control circuit of 
FIG. 40. 
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0074 FIGS. 43 and 44 show a ninth modification and a 
tenth modification, respectively, of an output control circuit 
according to the fourth embodiment of the present invention. 
0075 FIGS. 45A and 45B show the temperature and 
Voltage dependent characteristics, respectively, of a first 
control voltage used in a fifth embodiment of the present 
invention. 

0.076 FIGS. 46A and 46B are diagrams representing the 
temperature and Voltage dependent characteristics, respec 
tively, of a second control voltage used in the fifth embodi 
ment. 

0077 FIGS. 47A and 47B are diagrams showing the 
structure and the operation characteristics, respectively, of 
the components of a delay circuit used in the fifth embodi 
ment of the present invention. 

0078 FIGS. 48A and 48B are diagrams showing the 
structure and the operation characteristics, respectively, of 
the components of a delay circuit used in the fifth embodi 
ment of the present invention. 
0079 FIGS. 49A and 49B are diagrams showing the 
structure and the operation characteristics, respectively, of 
the components of a delay circuit used in the fifth embodi 
ment of the present invention. 

0080 FIGS. 50A and 50B show a first application and an 
operation waveforms thereof, respectively, of the fifth 
embodiment of the present invention. 
0081 FIGS. 51A and 51B show a second application and 
an operation waveforms thereof, respectively, of the fifth 
embodiment of the present invention. 

0082 FIGS. 52A and 52B show a third application and an 
operation waveforms thereof, respectively, of the fifth 
embodiment of the present invention. 

0083 FIGS. 53A and 53B show a fourth application and 
an operation waveforms thereof, respectively, of the fifth 
embodiment of the present invention. 
0084 FIG. 54 schematically shows a circuit configura 
tion for generating first and second control voltages. 

0085 FIGS. 55A and 55B show the voltage/temperature 
dependent characteristics of a first reference Voltage and a 
specific structure, respectively, of a VREF1 generation cir 
cuit shown in FIG. 54. 

0.086 FIGS. 56A, 56B, and 56C show the voltage depen 
dent characteristics, temperature dependent characteristics 
of the second reference Voltage, and a specific structure, 
respectively of a VREF2 generation circuit of FIG. 54. 

0087 FIGS. 57A and 57B show input/output voltage of 
first and second differential amplify circuits, respectively, of 
FIG. 54. 

0088 FIG. 58 shows the voltage/temperature dependent 
characteristics of an operating power Supply Voltage used in 
a modification of the fifth embodiment of the present inven 
tion. 

0089 FIGS. 59A and 59B show a modification and an 
operating characteristics thereof, respectively, of the fifth 
embodiment of the present invention. 
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0090 FIG. 60 schematically shows a structure of an 
output circuit according to a sixth embodiment of the present 
invention. 

0091 FIG. 61 schematically shows a structure of the 
output circuit of FIG. 60. 

0092 FIG. 62 shows a structure of a voltage adjuster 
shown in FIG. 60. 

0093 FIG. 63 is a signal waveform diagram representing 
an operation of the voltage adjuster of FIG. 62. 

0094 FIG. 64 shows a first modification of the sixth 
embodiment of the present invention. 

0.095 FIG. 65 schematically shows a structure of an 
output circuit according to the first modification of the sixth 
embodiment of the present invention. 

0096 FIG. 66 shows a structure of a voltage adjuster 
according to an output circuit of a seventh embodiment of 
the present invention. 

0097 FIGS. 67A and 67B show a structure of an adjust 
ing Voltage Vccp generation circuit and a Vbsg generation 
circuit, respectively, of FIG. 66. 

0098 FIG. 68 shows a structure of an output circuit 
according to an eighth embodiment of the present invention. 

0099 FIGS. 69 and 70 are signal waveform diagrams 
representing an operation of the output circuit of FIG. 68. 

0.100 FIG. 71 shows a structure of an output circuit 
according to a ninth embodiment of the present invention. 

0101 FIG. 72 shows a modification of the ninth embodi 
ment of the present invention. 

0102 FIGS. 73A and 73B show a structure and operation, 
respectively, of an output circuit according to a tenth 
embodiment of the present invention. 

0103 FIGS. 74A and 74B show a structure and an 
operation, respectively, of a modification of the tenth 
embodiment of the present invention. 

0104 FIGS. 75A and 75B show a structure and operation, 
respectively, of an output circuit according to an eleventh 
embodiment of the present invention. 

0105 FIG. 76 shows a structure of an output circuit 
according to a twelfth embodiment of the present invention. 

0106 FIGS. 77A and 77B show an external power supply 
Voltage and temperature dependent characteristics, respec 
tively, of a reference voltage VREF3 provided from a 
reference voltage generation circuit of FIG. 76. 

0107 FIGS. 78A and 78B show temperature and external 
power Supply Voltage dependent characteristics, respec 
tively, of a power Supply Voltage VccO appearing on a 
reference power supply node of FIG. 76. 

0108 FIG. 79 shows an application of the twelfth 
embodiment of the present invention. 

0109 FIGS. 80A and 80B represent a structure and 
operation, respectively, of an output circuit according to a 
thirteenth embodiment of the present invention. 



US 2007/O 132488 A1 

0110 FIG. 81 shows a structure of a semiconductor 
device of the thirteenth embodiment of the present inven 
tion. 

0111 FIGS. 82A and 82B are waveform diagrams rep 
resenting a signal output operation of the semiconductor 
device of FIG. 81. 

0112 FIG. 83 shows a modification of the thirteenth 
embodiment of the present invention. 
0113 FIGS. 84 and 85 show a structure of an output 
circuit according to a fourteenth embodiment and a fifteenth 
embodiment, respectively, of the present invention. 
0114 FIG. 86 schematically shows an entire structure of 
a conventional dynamic semiconductor memory device. 
0115 FIG. 87 shows a structure of a conventional output 
circuit. 

0116 FIG. 88 is a signal waveform diagram representing 
an operation of the output circuit shown in FIG. 87. 
0117 FIG. 89 shows a parasitic capacitance and a para 
sitic inductance at an output node. 
0118 FIGS. 90A and 90B are diagrams for explaining 
ringing generated by the parasitic inductance shown in FIG. 
89. 

0119 FIG.91 shows a possible modification of an output 
control circuit. 

0120 FIG. 92 is a signal waveform diagram showing an 
operation of the output control circuit of FIG. 91. 
0121 FIG. 93 shows the relationship between an output 
permission signal and a column address strobe signal of FIG. 
91. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

0122 FIG. 1 shows a structure of an output circuit 
according to a first embodiment of the present invention. 
0123 The portion for driving output node 6 to the level 
of ground potential is shown in FIG. 1. Overshooting at the 
output node can be prevented by applying a structure similar 
to that shown in FIG. 1 to the portion driving output node 6 
to the level of power supply potential Vcc. 
0124 Referring to FIG. 1, the output circuit 926 includes 
a 2-input AND circuit 10 for receiving an output permission 
signal OEM and a readout data signal DD on an internal data 
bus line 915a, an AND circuit 11 for receiving output 
permission signal OEM and a complementary internal read 
out data signal ZDD on an internal data bus line 915b, a first 
drive transistor 1 responsive to an output of AND circuit 10 
for driving output node 6 to the level of power supply 
potential Vcc, a drive transistor 2a responsive to an output 
of AND circuit 11 for driving output node 6 to the level of 
a ground potential, and a drive transistor 2b provided in 
parallel to drive transistor 2a. The current driving capability 
of drive transistor 2a is set smaller than that of drive 
transistor 2b. Drive transistors 1, 2a, 2b are formed of n 
channel MOS transistors. The difference in the current 
driving capability of drive transistors 2a and 2b are imple 
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mented by appropriately selecting the size or gate (channel) 
width, or the ratio of the gate width to the gate length 
thereof. 

0.125 Output circuit 926 further includes an invert delay 
circuit 15 for delaying and inverting the logic of an output 
of AND circuit 10 i.e., a signal potential of node N1, a 
2-input NOR circuit 16 for receiving a signal on node N1 
and an output of delay circuit 15, an invert delay circuit 17 
for delaying output permission signal OEM for a predeter 
mined time and inverting the logic thereof, a 2-input NOR 
circuit 18 for receiving an output of invert delay circuit 17 
and output permission signal OEM, an invert delay circuit 
19 for delaying a data output designating signal DOT 
generated at a change of a column address signal for a 
predetermined time and inverting the logic thereof, a NOR 
circuit 20 for receiving output designating signal DOT and 
an output of invert delay circuit 19, a 2-input OR circuit 21 
for receiving outputs of NOR circuits 18 and 20, and a 
2-input NAND circuit 22 for receiving outputs of NOR 
circuit 16 and an OR circuit 21. 

0.126 2-input NOR circuit 16 generates a one shot pulse 
signal of a positive polarity having a time width determined 
by the delay time of invert delay circuit 15 when the 
potential of node N1 is pulled down to an L level from an 
H level. 

0.127 2-input NOR circuit 18 generates a one shot pulse 
signal of a positive polarity having a time width determined 
by the delay time of invert delay circuit 17 when output 
permission signal OEM is pulled down to an L level from an 
H level. 

0.128 2-input NOR circuit 20 generates a one shot pulse 
signal of a positive polarity having a time width determined 
by a delay time of delay circuit 19 when output designating 
signal DOT is pulled down to an L level from an H level. 
Output designating signal DOT is generated in a form of a 
one shot pulse that attains an L level for a predetermined 
time when the column address signal changes. 
0129. Output circuit 926 further includes a delay circuit 
12 for delaying an output of AND circuit 11, i.e. a signal on 
node N2 for a predetermined time period, a 2-input NAND 
circuit 13 for receiving a signal on node N2 and an output 
of delay circuit 12, and a 2-input NAND circuit 14 for 
receiving outputs of NAND circuits 13 and 22. Drive 
transistor 2b is turned on when NAND circuit 14 provides an 
output of an H level. The operation of the output circuit 
shown in FIG. 1 will now be described with reference to the 
operational waveform diagram of FIG. 2. 
0.130. A data readout operation in which a selected 
memory cell stores data “L” will be described. When 
internal column address strobe signal ZCAS is pulled down 
to an L level, an internal column address signal Y1 is 
generated. This generation of internal column address signal 
Y1 from an address buffer causes an address transition 
detection circuit to generate an address transition detection 
signal (pATD in a one shot pulse form. Output designating 
signal DOT attains an L level for a predetermined time 
according to this address transition detection signal. Internal 
data bus lines 915a and 915b are precharged to an L level 
according to output designation signal DOT. In a standby 
state, output permission signal OEM and the potential of 
nodes N1 and N2 attain an L level, and all drive transistors 
1, 2a, 2b are turned off. 
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0131) A pulse having a time width of the delay time of 
invert delay circuit 19 is generated from NOR circuit 20 
according to one shot output designating signal DOT, 
whereby OR circuit 21 provides an output of an H level. The 
potential of nodes N1 and N4 are still at the L level and H 
level, respectively. Output permission signal OEM attains an 
L level, and the potential of node N5 attains an H level. 
Therefore, NAND circuit 22 (potential of node N8) does not 
change its H level output even when output designating 
signal DOT attains an L level for a predetermined time. 
0132 Also, the potential of node N2 attains an L level, 
the output of NAND circuit 13 attains an H level, and the 
output of NAND circuit 14 (potential of node N9) attains an 
L level. 

0133. In response to output permission signal OEM 
attaining an active state of an H level, the potential of node 
N1 is driven to an L level, and the potential of node N2 is 
driven to an H level. Thus, transistor 1 maintains its off state. 
In contrast, drive transistor 2a is turned on, and the potential 
of output node 6 is gently discharged to the level of a ground 
potential. At an elapse of the delay time of delay circuit 12, 
the output of delay circuit 12 attains an H level, and the 
output of the NAND circuit 13 attains an L level. As a result, 
the output of NAND circuit 14 attains an H level to turn on 
drive transistor 2b. Therefore, drive transistor 2b discharge 
output node 6 to the level of ground potential at high speed. 
0134. In response to a change of external column address 
signal Ad, output designating signal DOT attains an L level 
for a predetermined time. This operation mode is called a 
static column mode. When output designating signal DOT 
attains an L level, it indicates that the data Q appearing on 
output node 6 is invalid to prepare for the next cycle. More 
specifically, it can be said that output designating signal 
DOT indicates that the current data appearing on output 
node 6 should be made invalid. In response to the transition 
of output designating signal DOT to an L level, internal data 
lines 915a and 915b are both precharged to the level of a 
ground potential again. 

0135). As a result, the potential of both nodes N1 and N2 
are pulled down to an L level, and transistors 1, 2a and 2b 
are turned off. At an elapse of a predetermined time period 
(the time required for data of a bit line pair selected 
according to a column address signal to be read out to an 
internal data bus) from the fall of output designating signal 
DOT to an L level, the potential of internal data bus lines 
915a and 915b attain an H level and an L level, respectively, 
according to the read out data. As a result, drive transistor 1 
is turned on, and output node 6 is charged to the level of 
power Supply potential Vcc. 

0136. When internal column address strobe signal ZCAS 
attains an inactive state of an H level, output permission 
signal OEM is also driven to an L level. In response, a one 
shot pulse is generated from NOR circuit 18, and the 
potential of node N1 is driven to an L level from an H level, 
and drive transistor 1 is turned off. In response to the fall of 
the potential of node N1, a one shot pulse signal is generated 
on node N4 from NOR circuit 16. Invert delay circuit 15 is 
formed of five stages, for example, of inverters. Invert delay 
circuit 17 is formed of three stages, for example, of inverter 
circuits. The delay time of invert delay circuit 15 is set 
longer than that of invert delay circuit 17. Therefore, when 
the potential of node N4 attains an H level, the potential of 
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node N7 (output of OR circuit 21) is driven to an H level, 
whereby a one shot pulse signal of an L level having a time 
width determined by the delay time of invert delay circuit 17 
is generated from NAND circuit 22 onto node N8. In 
response, a one shot pulse signal of an H level is generated 
from NAND circuit 14 on node N9, and drive transistor 2b 
is turned on. As a result, output node 6 is discharged from 
the level of power supply potential Vcc to the ground 
potential for a predetermined time, and the potential of 
output node 6 attains an intermediate potential level between 
power supply potential Vcc and ground potential GND. The 
intermediate potential level of output node 6 is determined 
by the driving capability of drive transistor 2b, external load, 
and the delay time of invert delay circuit 17. 
0.137 As described above, the potential of output node 6 
attains the level of an intermediate potential even when a 
structure for maintaining output node 6 at an intermediate 
potential level is not provided since drive transistor 2b 
discharging output node 6 to the level of ground potential is 
turned on for a predetermined time after data of an H level 
is read out. This means that output node 6 is driven from the 
level of an intermediate potential regardless of whether the 
data read out at the next cycle attains an H level oran Llevel. 
Therefore, the output amplitude is Small and no ringing is 
generated. Thus, a stable output signal Q can be obtained at 
high speed. Even in the case where data "L' is output after 
an outputting of data “H” in a static column mode, ringing 
does not occur in output node 6. So that a stable output signal 
Q can be provided. 
0.138. By providing the structure shown in FIG. 1 to drive 
transistor 1, output node 6 can be pulled up after reading out 
of data “L’, to be set to the level of an intermediate potential, 
as shown in the broken line in FIG. 2. 

0.139 FIG. 3 shows a structure of an output circuit where 
a control system is provided for reading out data of both “H” 
and “L”. Referring to FIGS. 1 and 3, each of control blocks 
40a and 40b includes NOR circuits 16, 18, 20, OR circuit 21, 
NAND circuit 22, and invert delay circuits 15, 17, 19 shown 
in FIG. 1. Delay circuits 12a and 12b correspond to delay 
circuit 12, NAND circuits 13a and 13b correspond to NAND 
circuit 13, and NAND circuits 14a and 14b correspond to 
NAND circuit 14. 

0140. By employing the circuit configuration shown in 
FIG. 3, the output node is driven to an intermediate potential 
according to output designating signal DOT in a static 
column mode operation, and output node 6 is driven to an 
intermediate potential according to output permission signal 
OEM at the completion of a memory cycle, as shown in FIG. 
4. Therefore, a stable output signal can be generated with no 
ringing since output node 6 is driven to an H or n L level 
from the intermediate potential level in either case. 
0.141 FIG. 5 shows a structure of a generation system of 
an output designating signal and an output permission 
signal. The control signal generation system of FIG. 5 is 
included in the input/output control circuit shown in FIG. 
86. 

0.142 Referring to FIG. 5, an output control signal gen 
eration circuit includes a one shot pulse generation circuit 50 
activated in response to an internal row address Strobe signal 
ZRAS for generating a one shot pulse signal of an L level in 
response to address transition detection signal (pATD, a 
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delay circuit 51 for delaying internal column address strobe 
signal ZCAS for a predetermined time period, a one shot 
pulse generation circuit 52 responsive to the rise of output 
designating signal DOT from one shot pulse generation 
circuit 50 for generating a one shot pulse signal, a gate 
circuit 57 receiving an internal write enable signal ZWE and 
internal column address strobe signal ZCAS for providing a 
signal of an H level when a data readout operation is 
designated, a 2-input NAND circuit 55 for receiving outputs 
of one shot pulse generation circuit 52 and gate circuit 57. 
an inverter circuit 54 for inverting a delayed column address 
strobe signal ZCASE from delay circuit 51, a flipflop 56 set 
in response to a signal of an L level from inverter circuit 54, 
and reset in response to a signal of an L level from NAND 
circuit 55, and an inverter circuit 58 for inverting the output 
of flipflop 56. Output permission signal OEM is generated 
from inverter circuit 58. 

0143 One shot pulse generation circuit 52 includes a 
delay circuit 61 for delaying output designating signal DOT 
for a predetermined time period, and a 2-input AND circuit 
62 for receiving an output of delay circuit 61 and output 
designating signal DOT. Delay circuit 61 is formed of an 
even number of inverters (two inverter circuits in the struc 
ture shown in FIG. 5). 
0144) Flipflop 56 includes two cross-coupled NAND 
circuits NA1 and NA2. NAND circuit NA1 has one input 
receiving an output of inverter circuit 54, and the other input 
receiving an output of NAND circuit NA2. NAND circuit 
NA2 has one input receiving an output of NAND circuit 55, 
and the other input receiving an output of NAND circuit 
NA1. The output of NAND circuit NA1 is applied to inverter 
circuit 58. 

0145 Gate circuit 57 provides a signal of an H level when 
internal column address strobe signal ZCAS attains L level 
and write enable signal ZWE attains an H level. When the 
employed dynamic semiconductor memory device has a 
structure in which an output enable signal ZOE is used, gate 
circuit 57 may be replaced with an inverter that inverts this 
output enable signal ZOE. Any structure may be used as 
long as a signal of an H level is output at node N10 in a data 
readout operation. 

0146 The control signal generation circuit further 
includes an inverter circuit 59 for inverting output designat 
ing signal DOT from one shot pulse generation circuit 50, 
and precharge transistors 60a and 60b responsive to an 
output of inverter circuit 59 for precharging internal data bus 
lines 915a and 915b to the level of ground potential. 
Precharge transistors 60a and 60b are both formed of an in 
channel MOS transistor. The operation of the control signal 
generation system of FIG. 5 will now be described with 
reference to the operation waveform diagram of FIG. 6. 

0147 When row address strobe signal ZRAS attains an 
inactive state of an H level, output designating signal DOT 
attains an L level, and column address strobe signal ZCAS 
attains an inactive state of an H level. Thus, the potentials of 
nodes N11, N12 and N13 attain an L level, and the potentials 
of nodes N10, N14 and N15 attain an H level. 

0148. A memory cycle is initiated when row address 
strobe signal ZRAS attains an active state of an L level. In 
response to internal row address strobe signal ZRAS attain 
ing an L level, one shot pulse generation circuit 50 is 
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activated to pull up output designating signal DOT which is 
an output thereof to an H level. At an elapse of a predeter 
mined time from transition of output designating signal 
DOT to H level, a signal of an H level is provided from one 
shot pulse generation circuit 52. When the column address 
signal changes, an address transition detection signal (pATD 
is responsively generated. It is to be noted that in a semi 
conductor memory device where a static column mode of 
operation is possible, the column address Strobe signal has 
only the function of an output enable signal, and not the 
function of instructing an address latch. In response to 
address transition detection signal (pATD, output designating 
signal DOT attains an L level for a predetermined time. The 
fall of output designating signal DOT to an L level causes 
the output of one shot pulse generation circuit 52 (output at 
node N12) to attain an L level. A signal of an L level having 
a pulse width longer than output designating signal DOT by 
the delay time of delay circuit 61 is output from one shot 
pulse generation circuit 52. 
0.149 When a signal of an L level is provided on node 12 
from one shot pulse generation circuit 52, NAND circuit 55 
provides a signal of an H level on node N13. 
0150. Then, when column address strobe signal ZCAS 
attains an L level, delayed column address strobe signal 
ZCASE which attains an L level at an elapse of a predeter 
mined time is generated from delay circuit 51. A signal of an 
H level is provided from inverter circuit 54 on node N11 by 
this delayed column address strobe signal ZCASE attaining 
an L level. 

0151. The potential of node N14 attains an H level, and 
node N15 attains an L level in response to the rise of the 
potential of node N13. When the potential of node 15 attains 
an L level in response to the rise of the potential of node 
N13, the potential of node N15 is pulled up to an H level, 
whereby a signal of an L level is provided from NAND 
circuit N1 to node N14. In response to the fall of the 
potential of node N14, an output signal of inverter circuit 58, 
i.e. output permission signal OEM attains an H level. 
0152 The potential of node N14 is fixed at the L level 
output permission signal OEM attains an H level during the 
period in which internal column address strobe signal ZCAS 
(ZCASE) is at an L level and the potential of node N15 is 
at an H level. 

0153. Even when output designating signal DOT is 
driven to an L level and the potential of node N13 is driven 
to an H level when delayed internal column strobe signal 
ZCASE attains an L level, the potential of node N14 is at an 
L level, and the potential of node N15 does not change. 
0154 More specifically, output permission signal OEM 
maintains an H level even when output designating signal 
DOT is generated during the period of delay column address 
strobe signal ZCASE being at an L level. 
0.155. When output designating signal DOT attains an L 
level, the output of inverter circuit 59 is brought to an H 
level, and precharge transistors 60a and 60b are both turned 
on. Internal data bus lines 915a and 915b are discharged to 
the level of ground potential for a predetermined time. Thus, 
when data is newly read out in the static column mode or a 
normal mode, internal data bus lines 915a and 915b can be 
precharged to a predetermined potential of the ground poten 
tial level. 
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0156 If the precharge operation on internal data bus lines 
915a and 915b to the level of the ground potential is to be 
carried out only in data readout, a structure may be provided 
in which inverter circuit 59 attains an operable state when an 
output from gate circuit 57 attains an H level. This structure 
can easily be realized by an AND circuit receiving an output 
of gate circuit 57 and output designating signal DOT and by 
providing the output of this AND circuit to precharge 
transistors 60a and 60b. 

0157 According to the above-described structure of the 
control circuit, output node 6 can be reliably precharged to 
the level of an intermediate potential when data is to be 
newly read out regardless of whether data H or L is previ 
ously read out. 
0158. The number of inverter circuits in delay circuits 15, 
17, 19 and 12 shown in FIG. 1 and delay circuit 61 shown 
in FIG. 5 are not limited to those illustrated, and an appro 
priate number of stages providing an appropriate delay time 
can be used. 

0159 Modification 1 
0160 FIG. 7 shows a modification of the output circuit of 
the first embodiment. In the structure shown in FIG. 7, an in 
channel MOS transistor 62 rendered conductive in response 
to an output of NAND circuit 22 for driving output node 6 
to the level of a reference potential VREF of Vcc/2, for 
example, for a predetermined time is provided. The output 
of NAND circuit 13 is provided to drive transistor 2b of a 
large driving capability via an inverter 63. In a discharging 
operation of output node 6 in the present structure, drive 
transistor 2a operates to gently discharge output node 6. 
Then, drive transistor 2b is turned on at an elapse of a 
predetermined time period, whereby output node 6 is rapidly 
discharged to the level of a ground potential. When one 
readout operation is completed, or in the case where a signal 
of an L level is output following the output of an H level in 
static column mode, transistor 62 conducts in response to an 
output of NAND circuit 22 to drive output node 6 to the level 
of reference potential VREF. Output node 6 can be reliably 
driven to the intermediate potential of Vcc/2 by using the 
potential level of Vcc/2 used in a dynamic semiconductor 
memory device as this reference potential VREF. In reading 
out data of an H level and an L level, the data ascertain 
timing can be made to coincide with each other without 
generating ringing, and high speed access can be realized. 
This is because the access time is determined by the longer 
one of data ascertaining times of read out data H and L. 
0161) Modification 2 
0162 FIG. 8 shows another modification of the first 
embodiment. In FIG. 8, a delay circuit 15b and an NOR 16b 
are provided in order to generate a signal of an H level for 
a predetermined time in response to the fall of the potential 
of node N2. Delay circuit 15b has a structure similar to that 
of invert delay circuit 15a for generating a one shot pulse in 
response to a fall of the potential of node N1. The outputs of 
NOR circuits 16a and 16b are provided to OR circuit 64. The 
output of OR circuit 64 is provided to NAND circuit 22. 
0163 According to the structure shown in FIG. 8, a one 
shot pulse signal can be generated at the fall of the potential 
of node N1 or N2 to turn on precharge transistor 62 for a 
predetermined time. Therefore, regardless of whether the 
data signal appearing on output node 6 attains an H level or 
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an L level, precharge transistor 62 is turned on to precharge 
the output node 6 to the level of intermediate potential 
VREF at the completion of one data readout cycle or when 
data is newly to be read out. 
0164. According to the first embodiment, an output node 

is driven to an intermediate potential at the completion of a 
data signal readout operation or when data is to be newly 
read out. Therefore, output node 6 will be driven from the 
level of an intermediate potential to the level of a corre 
sponding logic level in newly providing a signal of an H or 
an L State, so that the potential amplitude of the output node 
can be reduced. Therefore, generation of ringing can be 
prevented, and a data signal can be output stably and 
speedily. The time required to ascertain the potential of the 
H and L levels can be reduced to allow high speed access 
since the output node is maintained at an intermediate 
potential. 

0.165. Furthermore, power consumption in a data signal 
output operation can be reduced since the output node is 
driven to the potential level of H or L from an intermediate 
potential level. 

Embodiment 2 

0166 FIG. 9 shows a structure of an output circuit 
according to a second embodiment of the present invention 
for discharging output node 6 to the level of ground poten 
tial. 

0.167 Referring to FIG. 9, an output circuit includes an 
inverter circuit 5 for inverting an internal readout data signal 
ZDD, an AND circuit 3 for receiving output permission 
signal OEM and an output of inverter circuit 5, and an AND 
circuit 4 for receiving output permission signal OEM and an 
internal readout data signal ZDD. Internal readout data 
signal ZDD has a logic opposite to that of data DD. 
0.168. The output circuit further includes a delay circuit 
12 for delaying an output of AND circuit 4, i.e. a signal on 
node N2 for a predetermined time, a NAND circuit 13 for 
receiving the signal on node N2 and an output of delay 
circuit 12, an inverter circuit 64 for receiving an output of 
NAND circuit 13, and a p channel MOS transistor 67 
responsive to the signal potential on output node 6 for 
adjusting the “H” driving capability of inverter 64. Inverter 
circuit 64 includes a p channel MOS transistor 66 and an in 
channel MOS transistor 65 connected in a complementary 
manner between transistor 67 and ground node. Transistor 
67 is provided between p channel MOS transistor 66 and the 
power potential node Supplying a power Supply potential 
Vcc, and receives at its gate a signal on output node 6. 

0169. The output circuit further includes an in channel 
MOS transistor 1 responsive to an output of AND circuit 3 
for charging output node 6 to the level of power Supply 
potential Vcc, an in channel MOS transistor (drive transistor) 
2a responsive to an output of AND circuit 4 for discharging 
the potential of output node 6 in a relatively gentle manner, 
and an in channel MOS transistor (drive transistor) 2b 
responsive to an output of inverter circuit 64 for discharging 
the potential of output node 6 to the level of the ground 
potential. The current driving capability of transistor 2a is 
set smaller than that of transistor 2b. The operation of the 
output circuit of FIG. 9 will now be described with reference 
to the operation waveform diagram of FIG. 10. 
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0170 The operation in a case where internal readout data 
signal ZDD is an H level will be described. When output 
permission signal OEM attains an L level, the outputs of 
AND circuits 3 and 4 are both pulled down to an Llevel, and 
drive transistors 1, 2a, and 2b are turned off. 
0171 When output permission signal OEM is pulled up 
to an H level, the output of AND circuit 4 is driven to an H 
level. As a result, drive transistor 2a is turned on, and output 
node 6 is discharged in a relatively gentle manner. 
0172 The signal potential on output node 6 is provided to 
the gate of transistor 67. Transistor 67 has its current driving 
capability increased (a greater conductance) as the gate 
potential thereof is reduced. At an elapse of a predetermined 
time, the output of NAND circuit 13 (the signal potential on 
node N3) attains an L level. In response to the fall of the 
signal potential on node N3, the output of inverter circuit 64 
attains an H level. The potential level of the signal output of 
an H level from inverter 64 varies according to the potential 
level of output node 6. 
0173 The voltage transmitted top channel MOS transis 
tor 66 of inverter circuit 64 by transistor 67 is Vcc-V 
(6)-Vth, where V (6) is the potential of output node 6 and 
Vth is the absolute value of the threshold voltage of p 
channel MOS transistor 67. According to reduction in the 
potential of output node 6, the potential level of the H output 
of inverter circuit 64 increases, whereby drive transistor 2b 
is turned on more deeply to discharge the potential of output 
node 6 to the level of the ground potential at high speed. 
More specifically, the potential level of the H output of 
inverter circuit 64 increases as the potential of output node 
6 is lowered, which causes drive transistor 2b to be turned 
on more deeply. When the potential of output node 6 is 
reduced to a sufficient low level, drive transistor 2b dis 
charges output node 6 to the level of ground potential more 
speedily. Since driver transistor 2b discharges output node 6 
towards the level of the ground potential at high speed when 
the potential of output node 6 arrives at a level where no 
ringing occurs, an output signal can be generated Stably with 
no ringing. 
0.174. A normally-on-transistor can be used for p channel 
MOS transistor 67, which serves as a resistance element 
having a resistance (conductance) reduced (increased) in 
proportion to reduction of the potential of output node 6. In 
this case, when the output of inverter 64 is driven to an H 
level, the rise of the output potential of inverter 64 becomes 
faster according to the fall of the potential of output node 6, 
so that drive transistor 2b is turned on deeply according to 
the fall of the potential of output node 6. 
0175. The operation waveform diagram of FIG. 10 rep 
resents the state where all driver transistors 1, 2a and 2b are 
turned off when output node 6 is discharged to the level of 
ground potential and output permission signal OEM attains 
an L level. It is to be noted that this output node 6 driving 
circuitry of FIG.9 may be used in a combination with the 
structure as in the first embodiment where the potential at 
output node 6 is maintained at the level of an intermediate 
potential. In FIG. 10, the potential change to the interme 
diate potential in output node 6 is shown as Q'. The 
advantages set forth in the foregoing can be obtained by 
increasing the discharging force in proportion to reduction in 
the potential when output node 6 is maintained at the 
intermediate level. 
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0176 FIG. 11 shows an operation waveform where a 
valid readout data is transmitted after output permission 
signal OEM is rendered active. In FIG. 11, output node 6 is 
precharged to the level of intermediate potential. Output 
node 6 is precharged to the intermediate potential when 
output permission signal OEM attains an L level. When 
output permission signal OEM is driven to an H level and 
internal readout data signal ZDD attains an L level, the 
potential of node N1 is driven to an H level, whereby the 
potential of output node 6 increases to result in output data 
Q' of an H level. When valid data appears at an elapse of a 
predetermined time and internal readout data signal ZDD 
attains an H level, the potential of node N2 is pulled up to 
an H level, and the potential of node N1 is pulled down to 
an L level. As a result, drive transistor 2a is turned on, 
whereby output node 6 is gently discharged toward the level 
of ground potential. 
0.177 Accordingly, the potential of output signal Q is 
gradually lowered. 
0.178 When node N3 (output of NAND circuit 13) attains 
an L level at an elapse of a predetermined time, the output 
of inverter circuit 64 increases gradually. The rising speed of 
the output of inverter circuit 64 depends upon the potential 
of output nodes. When the potential of output signal Q is 
high, the output of inverter circuit 64 rises gently. When the 
potential of output signal Q' attains a Sufficiently low level. 
the output of inverter circuit 60 rapidly rises to the level of 
power supply potential Vcc. The driving capability of drive 
transistor 2b is set to a great level when the potential of 
output node 6, i.e. the potential of output signal Q' attains a 
sufficiently low level, whereby output node 6 is discharged 
speedily towards the level of ground potential. Therefore, in 
an operation where invalid data and then valid data are 
output, an output signal can be generated stably with no 
generation of ringing by adjusting the current driving capa 
bility of drive transistor 2b according to the potential level 
of output node 6 even when the logic of the valid data and 
the invalid data differ from each other. 

0.179 The operation mode where invalid data appears on 
output node 6 will be described in detail afterwards. 
0180 FIG. 12 shows a structure of the portion for driving 
output node 6 to an H level. In FIG. 12, drive transistor 1a 
formed of an in channel MOS transistor conducting in 
response to a signal potential on node N1 and a drive 
transistor 1b in parallel to drive transistor 1a are provided to 
drive (charge) output node 6 to the level of power supply 
voltage Vcc in FIG. 12. 
0181. The control unit of the output circuit further 
includes a delay circuit 12a for delaying the signal potential 
on node N1 for a predetermined time, a NAND circuit 13a 
for receiving a signal on node N1 and an output of delay 
circuit 12a, a p channel MOS transistor 71 and an in channel 
MOS transistor 73 having gates receiving the output of 
NAND circuit 13a, a p channel MOS transistor 72 provided 
between transistors 71 and 73, an in channel MOS transistor 
75 receiving a signal on output node 6 at its gate, and a p 
channel MOS transistor 74 provided between transistor 75 
and a power potential Supply node. The gate of transistor 74 
is connected to the node of transistors 72 and 73 and to the 
gate of drive transistor 1b. The gate of transistor 72 is 
connected to the node of transistors 74 and 75. The operation 
of the circuit shown in FIG. 12 will be now described with 
reference to the operation waveform diagram of FIG. 13. 
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0182. It is assumed that internal readout data signal ZDD 
attains an L level. When output permission signal OEM 
attains an L level, the potential of nodes N1 and N2 both 
attain an L level, and drive transistors 1a and 2 are both 
turned off. The output of NAND circuit 13a attains an H 
level since the potential of node N1 attains an L level, and 
a signal of an L level is provided to drive transistor 1b since 
transistor 73 is on. Therefore, drive transistor 1b is also off. 

0183 When output permission signal OEM is driven to 
an H level, the potential of node N1 is pulled up to an H 
level, and drive transistor 1a is turned on. The current 
driving capability of drive transistor 1a is set relatively 
Small, and the potential of output node 6 is increased gently. 
The output of NAND circuit 13a (output potential of node 
N3a) is brought to an L level at an elapse of a predetermined 
time, whereby transistor 73 is turned off and transistor 71 is 
turned on. The potential of output node 6 is provided to the 
gate of transistor 75. When the potential of output node 6 
attains the level of an intermediate potential, the current 
driving capability of transistor 5 is low (Small conductance), 
and the current driving capability of transistor 74 is high. 
Therefore, the gate potential of transistor 72 is relatively 
high, and the conductance of transistor 72 is low. Under this 
state, the potential of drive transistor 1b rises gently, and 
drive transistor 1b has its current driving capability 
restricted and charges output node 6 in a relatively mild 
a. 

0184 When the potential of output node 6 rises to a 
sufficiently high level, the current driving capability of drive 
transistor 75 is increased, which causes the gate potential of 
transistor 72 to be lowered to a sufficient low level. The 
current driving capability of transistor 72 becomes greater, 
whereby the potential of transistor 1b increases at high 
speed. The current driving capability thereof is increased to 
charge output node at high speed. Here, the current driving 
capability of transistor 74 is set Small according to increase 
of the gate potential of transistor 1b. The gate potential of 
transistor 72 is discharged at high speed according to the 
increase in the potential of output node 6. Transistor 72 is 
turned on deeply, which causes the current driving capability 
of drive transistor 1b to be increased at high speed. There 
fore, when the potential of output node 6 rises to a level 
where no ringing is generated, the potential further increases 
speedily to generate an output signal stably with no ringing. 
In FIG. 13, the operation waveform in the case where output 
node 6 is charged to the level of intermediate potential is also 
indicated as output signal Q'. 
0185. As described above, the driving capability of an 
output node is adjusted according to the potential level 
thereof in accordance with the structure of the output circuit 
of the second embodiment, so that the potential of the output 
node attaining a potential level where ringing is not gener 
ated is driven speedily. Therefore, a stable output signal can 
be generated with no generation of ringing. 

Embodiment 3 

0186. In a dynamic semiconductor memory device with a 
static column mode function, a column select operation is 
carried out according to an address transition detection 
signal (pATD generated in response to a change in a column 
address signal. Column address strobe signal ZCAS is used 
only for the purpose of determining the timing of data 
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output. In this case, there is a possibility that invalid data is 
generated at an output node according to the relationship of 
RAS-CAS delay time TRCD, i.e. the time required from 
activation of row address strobe signal ZRAS to activation 
of column address strobe signal ZCAS, and column address 
CAS delay time TASC, i.e. the time required from a change 
in column address signal Ad to a change in column address 
strobe signal ZCAS. Prior to description of the present third 
embodiment, the operation where invalid data is output and 
invalid data is not output will be described with reference to 
the control signal generation circuit of FIG. 5. 
0187 First, the operation in a case where invalid data is 
not output will be described with reference to FIGS. 5 and 
14. 

0188 When row address strobe signal ZRAS is activated 
to attain an L level, a memory cycle is initiated. The 
currently applied address signal Ad is entered as a row 
address signal X and row select operation is made. In this 
state, the control-circuit of FIG. 5 attains an initial state, and 
output permission signal OEM attains an L level. 

0189 When row address strobe signal ZRAS is activated 
to attain an L level, one shot pulse generation circuit 50 is 
enabled to provide an H level output. Since column address 
buffer 907 is enabled in response to row address strobe 
signal ZRAS in static column mode, the output of column 
buffer 907 does not change when row address signal X 
changes, so that one shot address transition detection signal 
cpATD is not generated (refer to FIG. 86). Alternatively, 
pulse transition detection circuit (ATD circuit) 920 may be 
adapted to attain an operable state when row address strobe 
signal ZRAS attains an L level. 
0190. At an elapse of a row address hold time period, 
address signal Ad changes, and a column address signal Yis 
generated. In response to change in address signal Ad, 
address transition detection signal pATD is activated, 
whereby output designating signal DOT generated from one 
shot pulse generation circuit 50 attains an L level for a 
predetermined time. In response to the transition of output 
designating signal DOT to an L level, a pulse signal of an L 
level greater in period than that of output designating signal 
DOT is applied to node N12 from one shot pulse generating 
circuit 52. The pulse width of the L level one shot pulse 
signal applied on node N12 is greater than the L period of 
output designating signal DOT by the delay time provided 
by delay circuit 61. 

0191) When the potential of node N12 attains an L level, 
a signal of an H level is provided from NAND circuit 55 to 
node 13. 

0.192 In a data reading operation, the output of gate 
circuit 57 attains an H level. 

0193 In the initial state, the potential of node N14 attains 
an H level. When the potential of node N13 attains an H 
level, the potential of node N15 is pulled down to an L level. 
Thus, the potential at node of N14 is reliably set at the H 
level. Under this state, output permission signal OEM is still 
inactive at the L level. 

0194 When the address-CAS delay time TASC is long 
enough, delay column address strobe signal ZCASE still 
attains an H level even when output designating signal DOT 
is brought to an H level. Under this state, the potential of 
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node N14 is still at an H level. Therefore, when output 
designating node DOT attains an H level, the potential of 
node N13 is pulled down to an Llevel, whereby the potential 
of node N15 is pulled up to an H level. 
0.195 At an elapse of address-CAS delay time TACD, 
column address strobe signal ZCAS is activated to attain an 
L level, whereby delayed column address strobe signal 
ZCASE attains an L level. In response to delayed column 
address strobe signal ZCASE attaining an L level, a signal 
of an H level is provided from inverter circuit 54 onto node 
N11. Since the potential of N15 is at an H level, the potential 
of node N14 is pulled down to an L level in response to a rise 
of the potential of node N11, and output permission signal 
OEM attains an H level. 

0196) Valid data ZDD is already produced when output 
permission signal OEM attains an H level. In response to 
data signal ZDD, the potentials of nodes N1 and N2 are 
driven to an L level and an H level, respectively. In response 
to the potential of node N2 attaining an H level, drive 
transistor 2a is turned on, whereby output Q is lowered 
gently. Then, drive transistor 2b is turned on, and the 
potential of output Q is lowered at high speed. 
0.197 As described above invalid data is not output if 
time TAC is long enough. Output signal Q can change stably 
from the level of an intermediate potential, for example, to 
the level of ground potential or power supply potential with 
no generation of ringing. 
0198 FIG. 15 shows an operation waveform in the case 
where invalid data is output. An output operation of invalid 
data will now be described with reference to FIGS. 15 and 
5. 

0199 Row address strobe signal ZRAS is activated to 
attain an L level. In response, output designating signal DOT 
is pulled to an H level. In response to activation of internal 
row address strobe signal ZRAS, the currently applied 
address Ad is entered as a row address signal (X address), 
and a row corresponding to this X address is selected. 
0200. At a change of address signal Ad, address transition 
detection signal (pATD is generated. In response to address 
transition detection signal (pATD, one shot pulse generation 
circuit 50 generates output designating signal DOT of one 
shot pulse signal of an L level at an elapse of a predeter 
mined time period. 
0201 When a column address signal is generated, col 
umn address strobe signal ZCAS is immediately pulled 
down to an L level. More specifically, the address-CAS 
delay time TASC is extremely short in this case. Delayed 
column address strobe signal ZCASE attains an L level 
before output designating signal DOT is driven to an Llevel. 
In response, node N11 attains an H level. Since the potential 
of node N15 is at an H level, the output of NAND circuit 
NA1 (potential of node N14) is driven to an L level, and 
output permission signal OEM is driven to an H level. Valid 
data is output at an elapse of a predetermined time period 
from the drive of output designating signal DOT to an L 
level, and internal readout data ZDD is pulled up to an H 
level. Therefore, when output permission signal OEM 
attains an H level, invalid data is output already. The 
potential of output signal Q rises according to this 'L' 
invalid data signal ZDD. Then, valid data appears, and 
output signal Q is lowered according to an “H” internal 
readout signal ZDD. 
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0202 Thus, when data DD of an L level is provided as 
valid data following provision of data DD at “H” as invalid 
data, the potential amplitude is great even in the case where 
output signal Q is set at the intermediate potential. It is 
considered that the potential of output node 6 is not lowered 
enough when drive transistor 2b is turned on, resulting in the 
possibility of generation of ringing in output signal Q. A 
structure with which when there is no ringing even in the 
case where such invalid data is output will be described. It 
is assumed that output signal Q is precharged to an inter 
mediate potential level in the following description. 
Although the drive of output signal Q to an L level is 
described, the same applies for output signal Q driven to an 
H level. 

0203 FIG. 16 shows a structure of an input circuit 
according to a third embodiment of the present invention. In 
FIG. 16, a structure is shown for preventing generation of 
ringing when a data signal of an L level is output to output 
node 6. By providing a similar structure with respect to node 
N1 (output of NAND circuit 3), a structure of preventing 
generation of ringing in providing a data output signal of an 
H level can be realized. 

0204 Referring to FIG. 16, the output circuit includes, as 
basic components, an AND circuit 4 for receiving an output 
permission signal OEM and internal readout data signal 
ZDD, an inverter circuit 5 for inverting internal readout data 
signal ZDD, an AND circuit 3 for receiving an output of 
inverter circuit 5 and output permission signal OEM, a drive 
transistor 1 responsive to an output of AND circuit 3 for 
charging output node 6 to the level of power Supply Voltage 
Vcc, a drive transistor 2a of low current driving capability 
responsive to an output of AND circuit 4 for gently dis 
charging output node 6 to the level of ground potential, and 
a drive transistor 2b provided in parallel to drive transistor 
2a for discharging output node 6 with a current driving 
capability greater than that of drive transistor 2a. 
0205 The control system for controlling the operation of 
drive transistor 2b includes an inverter circuit 81 for invert 
ing output designating signal DOT, an NAND circuit 82 for 
receiving a signal on node N2 (output of AND circuit 4) and 
an output of inverter circuit 81, and a flipflop 84 for 
receiving an output of NAND circuit 82 and a signal on 
output node N2. Flipflop 84 includes cross-coupled NAND 
circuits NA3 and NA4. NAND circuit NA3 has one input 
receiving an output of NAND circuit 82, and the other input 
receiving an output of the NAND circuit NA4. NAND 
circuit NA4 has one input receiving an output of NAND 
circuit NA3, and the other input receiving a signal on node 
N2. Flipflop 84 has a function to determine whether or not 
valid data appears on node N2. 
0206. The control system further includes an inverter 
circuit 85 for receiving an output of NAND circuit NA3 
(signal on node N25) in flipflop 84, a NAND circuit 86 for 
receiving outputs of inverter circuit 85 and AND circuit 83, 
a delay circuit 87 for delaying an output of inverter circuit 
85 for a predetermined time period, a delay circuit 84 for 
delaying an output of NAND circuit 86, a NAND circuit 89 
for receiving outputs of delay circuits 87 and 88, and an 
AND circuit 90 for receiving a signal on node N2 and an 
output of NAND circuit 89. The output of AND circuit 90 is 
provided to the gate of transistor 2b. 
0207. The delay time T1 of delay circuit 87 is set longer 
than delay time T2 of delay circuit 88. The operation of the 
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output circuit of FIG. 16 will be is described with reference 
to the waveform diagram of FIG. 17. 
0208. The operation in a case where invalid data signal is 
provided will be described with reference to FIG.17A. Here, 
it is assumed that an invalid data signal is data signal ZDD 
of an L level, and an valid data signal is data signal ZDD of 
an H level. 

0209 When an invalid data signal is output, output 
permission signal OEM attains an H level, followed by 
output designating signal DOT attaining an inactive state of 
an Llevel. When output permission signal OEM is pulled up 
to an H level, the potential of node N2 attains an L level 
according to invalid data signal ZDD. Under this state, drive 
transistor 1 is turned on and drive transistor 2a is turned off. 
Output node 6 is charged to have the potential thereof 
increased via drive transistor 1. When output designating 
signal DOT is pulled down to an L level, a signal of an H 
level is provided from inverter 81 to node N23. When output 
designating signal DOT attains an L level, valid data 
appears, and internal readout data signal ZDD is pulled up 
to an H level. As a result, the potential of node N2 is pulled 
to an H level, whereby drive transistor 2a is turned on and 
drive transistor 1 is turned off. Output node 6 is discharged 
gently. 
0210. When the potential of node N2 is pulled up to an H 
level, a signal of an L level is provided from NAND circuit 
82 to node N24 since the potential of node N23 is at an H 
level. When the potential of node N24 attains an L level, 
flipflop 84 is set, and the potential of node N25 attains an H 
level (the potential of node N26 is at an H level). When node 
N25 rises to an H level, NAND circuit NA4 in flipflop 84 
receives a signal of an H level at both inputs, whereby the 
potential of node N26 is driven to an L level, and the 
potential of node N25 is fixed at an H level. 
0211 When the potential of node N25 is pulled up to an 
H level, the potential of node N27 is pulled down to an L 
level. The output of AND circuit 83 is at an L level since 
output designating signal DOT attains an L level. Therefore, 
when the potential of node N25 attains an H level, the output 
of NAND circuit 86 is fixed at an H level. 

0212. At an elapse of a delay time T1 of delay circuit 87. 
NAND circuit 89 receives a signal of an L level from delay 
circuit 87, and a signal of an H level is provided on node 
N30. The potential of node N2 already attains an H level, 
and therefore AND circuit 90 provides a signal of an H level 
on node N31, whereby drive transistor 2b is turned on. As a 
result, output node 6 is discharged at high speed via tran 
sistor 2b. 

0213 As described above, output permission signal OEM 
is rendered active prior to a change of output designating 
signal DOT when invalid data is present. In this case, the ON 
transition timing of output drive transistor 2b is determined 
by delay circuit 87 having a great delay time. Thus, output 
node 6 is discharged at high speed via drive transistor 2b 
when the potential of output node 6 is low enough. Gen 
eration of a ringing can be reliably prevented even when 
invalid data and valid data of different logics are output. 
0214) The operation in a case where an invalid data signal 

is not output will be described with reference to FIG. 17B. 
0215. When invalid data is not output, output permission 
signal OEM attains an H level after output designating 
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signal DOT is activated. As appreciated from the circuit 
configuration of FIG. 5, output permission signal OEM is 
generated according to delayed column address Strobe signal 
ZCASE when output designating signal DOT attains an H 
level. 

0216. Under this condition, when output permission sig 
nal OEM is brought to an H level, a readout data signal ZDD 
of an H level is already output, and the potential of node N2 
attains an H level in response to the rise of the potential of 
output permission signal OEM. When the potential of node 
N2 is pulled to an H level, output designating signal DOT is 
already restored to an H level, and AND circuit 83 provides 
a signal of an H level to node N28. In flipflop 84, node N26 
is set to the initial state of an H level, and node N25 is set 
to an initial state of an L level. Therefore, when the potential 
of node N2 attains an L level, the latch state of flipflop 84 
does not change even when output designating signal DOT 
is brought to an L level. Similarly, the output of NAND 
circuit 82 attains an H level (the output of inverter circuit 81 
is already driven to an L level) when the potential of node 
N2 is pulled up to an H level from L level, so that the latch 
state of flipflop 84 does not change. Therefore, the potential 
of node N27 is fixed at an H level. 

0217 Under this state, when the potential of node N2 is 
pulled up to an H level to cause the potential of node N28 
to rise to an H level, the potential of node N29 is pulled 
down to an L level by NAND circuit 86. At an elapse of a 
delay time of T2 of delay circuit 88, NAND circuit 89 
provide a signal of an H level to node N30. As a result, AND 
circuit 90 provides a signal of an H level on node N31, and 
drive transistor 2b is turned on. 

0218 Invalid data is not output when address access time 
TASC is relatively long. In this case, activation of output 
enable signal OEM causes output node 6 to be gently 
discharged by drive transistor 2a to result in reduction of the 
potential thereof since an invalid data signal is not output. At 
an elapse of delay time T2 of delay circuit 88, drive 
transistor 2b is turned on, whereby output node 6 is dis 
charged to the level of ground potential at high speed. Since 
invalid data is not output here, drive transistor 2b of a great 
current driving capability is activated after the potential of 
output node 6 is low enough. Therefore, a stable output 
signal with no ringing can be obtained. 
0219. In the operation waveform diagrams of FIGS. 17A 
and 17B, internal readout data signal ZDD is set to an Llevel 
in a standby state. Similar to the first embodiment, a struc 
ture is employed where internal data lines 915a and 915b are 
both precharged to the level of ground potential when the 
output node is maintained at the level of the intermediate 
potential. 

0220. The current driving capability of drive transistors 
2a and 2b can be selected by differentiating the size of drive 
transistors 2a and 2b, i.e. the ratio of the gate width W to 
gate length L. and B (the constant proportional to W/L) of 
drive transistors 2a and 2b are to be differentiated. 

0221) It is not particularly necessary to differ the current 
driving capability of drive transistor 2a from that of drive 
transistor 2b. Since drive transistor 2a is on when drive 
transistor 2b is turned on, output node 6 is discharged via the 
two transistors, so that the capability of discharging output 
node 6 is set to a great level equivalently. A similar effect can 
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be obtained even when the current driving capabilities of 
drive transistors 2a and 2b are the same. 

0222 Also, an effect similar to that of the above-de 
scribed embodiment can be obtained even when three or 
more transistors for discharging output node 6 are provided 
and the discharging operation of output node 6 is carried out 
in several stages. Such a structure can easily be realized by 
providing an additional delay circuit at the output of AND 
circuit 90 in the structure of FIG. 16 and providing a 
transistor rendered conductive in response to an output of 
this delay circuit between output node 6 and the ground 
potential node. 
0223 The number of stages of inverters in the delay 
circuit is arbitrary as long as the condition that the delay time 
of delay circuit 88 is set shorter than that of delay circuit 87 
is met. Furthermore, a delay element different from an 
inverter (for example, a RC delay element) may be used. 
0224) Modification 1 
0225. In FIG. 18A, delay circuits 87 and 88 shown in 
FIG. 16 are not provided in the output control unit of the 
present modification. NAND circuit 89 receives signals 
from NAND circuit 86 and inverter circuit 85 shown in FIG. 
16. The output of NAND circuit 89 is provided to AND 
circuit 90 of FIG. 16. 

0226 Referring to FIG. 18A, NAND circuit 89 includes 
a p channel MOS transistor 890 provided between a power 
potential supply node and an output node 894 and receiving 
an output signal A from NAND circuit 86 at its gate, and a 
p channel MOS transistor 891 provided between the supply 
node of the power supply potential and output node 894 and 
receiving an output signal B from inverter circuit 85 at its 
gate. The current driving capability of transistor 890 is set 
greater than that of transistor 891. 

0227 NAND circuit 89 further includes an in channel 
MOS transistor 892 receiving output signal A from NAND 
circuit 86 at its gate, and an in channel MOS transistor 890 
receiving output signal B from inverter circuit 85 at its gate. 
Transistors 892 and 893 are connected in series between 
output node 894 and the ground potential node. The signal 
C on output node 894 is provided to the next stage, or AND 
circuit 90. The current driving capability of transistors 892 
and 893 are set to the same level. The operation of the 
NAND circuit shown in FIG. 18A will now be described 
with reference to the operation waveform diagram of FIG. 
18B. 

0228. When output signal A from NAND circuit 86 
attains an Llevel, p channel MOS transistor 890 is turned on. 
As a result, the potential of output node 894 is driven with 
a current driving capability relatively greater than that of 
transistor 890 to be pulled up to an H level at a relatively 
high speed. 

0229 When output signal B from inverter circuit 85 
attains an Llevel, p channel MOS transistor 891 is turned on. 
Output node 894 is charged at a relatively slow rate via 
transistor 891. The signal on output node 894 AND circuit 
90 at the next stage. When the signal potential on output 
node 894 exceeds the input logic threshold value of AND 
circuit 90, a signal of an H level is provided from AND 
circuit 90. Therefore, by setting the current driving capabil 
ity of transistors 890 and 891 at appropriate levels, the time 
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required for the output of AND circuit 90 to be pulled up to 
an H level can be set identical to the delay time provided by 
delay circuits 87 and 88 of FIG. 16, as shown in FIG. 18B. 

0230 Modification 2 
0231 FIG. 19 shows a structure of a control unit of an 
output circuit according to a second modification of the third 
embodiment. Referring to FIG. 19, a control unit includes 
gate circuits 91 and 92 each receiving output permission 
signal DOT and output designating signal OEM, a flipflop 
93 set in response to a rise of the output of gate circuit 91, 
a flipflop 94 sets in response to a rise of the output of gate 
circuit 92, a delay circuit 95 for delaying a signal on node 
N2 for a predetermined time, an AND circuit 96 receiving 
outputs of delay circuit 95 and flipflop 93, an AND circuit 
97 receiving an Q output of flipflop 94 and an output of delay 
circuit 95, an AND circuit 98 receiving a signal on node N2 
and an output of AND circuit 96, an AND circuit 99 
receiving a signal on node N2 and an output of AND circuit 
97, a drive transistor 2ba responsive to an output of AND 
circuit 98 for discharging output node 6 to the level of 
ground potential, and a drive transistor 2bb responsive to an 
output of AND circuit 99 for discharging output node 6 to 
the level of ground potential. 

0232 Gate circuit 91 provides a signal of an H level when 
signals DOT and OEM both attain an L level. The case 
where output designating signal DOT is driven to an L level 
when output permission signal OEM is at an L level is the 
case where invalid data is not output as shown in FIG. 17B. 
Under Such a condition, gate circuit 91 provides a signal of 
an H level to set flipflop 93, and a signal of an H level is 
output from the Q output of flipflop 93. 

0233 Gate circuit 92 provides a signal of an H level when 
output designating signal DOT attains an L level during the 
period of output permission signal OEM being at an H level. 
Output designating signal DOT attains an L level when 
output permission signal OEM is high in the case where an 
invalid data signal is output. In this case, gate circuit 92 
provides a signal of an H level, and flipflop. 94 is set. A signal 
of an H level is provided from the Q output of flipflop. 94. 

0234) The operation will be described briefly. When the 
potential on output node N2 attains an H level, drive 
transistor 2a is turned on, whereby output node 6 is dis 
charged gently. At an elapse of a predetermined time, the 
output of delay circuit 95 is driven to an H level. When there 
is a possibility of an invalid data output, flipflop. 94 is set by 
gate circuit 92, to provide a signal of an H level from the Q 
output thereof. When there is no possibility of an invalid 
data output, flipflop 93 is set by gate circuit 91, whereby a 
signal of an H level is provided from the Q output thereof. 

0235. When the output of delay circuit 95 attains an H 
level, one output of AND circuits 96 and 97 attains an H 
level. In response, one output of AND circuits 98 and 99 
attains an H level. 

0236. The current driving capability of drive transistor 
2ba is set greater than that of drive transistor 2bb. Therefore, 
when no invalid data is output, drive transistor 2ba is turned 
on by flipflop 93 and AND circuits 96 and 98, whereby the 
potential of output node 6 is discharged at a high speed. 
When invalid data is not output, the potential of output node 
6 is already discharged by drive transistor 2a, so that an 
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output signal can be generated Stably without ringing even 
when output node 6 is discharged with a great current 
driving capability. 
0237 When there is a possibility of invalid data being 
output, drive transistor 2bb is turned on via flipflop. 94, and 
AND circuits 97 and 99. In this case, it can be considered 
that the potential of output node 6 is not low enough. 
Therefore, output node 6 is discharged gently by drive 
transistor 2bb having a relatively small driving capability. 
Since drive transistors 2a and 2bb both are turned on, output 
node 6 is discharged at a rate higher than that of driving 
output node 6 with one drive transistor. Therefore, an output 
signal can be generated stably with no generation of ringing. 
0238. In a static column operation mode, output desig 
nating signal DOT attains an L level when signal OEM is 
high. When there is a possibility that invalid data is output 
first, flipflop 93 is set continuously during this static column 
operation mode. Flipflops 93 and 94 are reset in response to 
a fall of output permission signal OEM. In a static column 
mode, it can be considered that flipflops 93, and 94 are both 
set and drive transistors 2ba and 2bb are both turned on. 
However, as shown in the first embodiment, output node 6 
is temporarily set at an intermediate potential after comple 
tion of a data signal output in a static column mode. 
Therefore, there is no possibility of generation of ringing 
even when all drive transistors 2a, 2ba and 2bb are turned 
O. 

0239 Here, flipflops 93 and 94 may be formed so as to be 
reset by address transition detection signal (pATD. In this 
case, an inverted signal of output signal OEM and address 
transition detection signal cpATD are ORed, and the ORed 
output is supplied to the reset inputs of flip-flops 93 and 94. 
When flipflops 93 and 94 are reset according to column 
address transition detection signal paTD, flipflop 94 is set to 
effect discharging of output node 6 by drive transistors 2a 
and 2bb in a static column mode operation. 
0240 Since output node 6 is discharged from the level of 
intermediate potential to the ground potential, output node 6 
can be discharged to the level of ground potential at a 
sufficient high speed even when driven only by two drive 
transistors 2 and 2bb. 

0241 According to the structure shown in FIG. 19, a 
similar effect can be obtained by a structure in which AND 
circuit 96 receives output signals of delay circuits 95 and 
NAND circuit 86, and AND circuit 97 receives output 
signals of delay circuit 95 and inverter 85 (refer to FIG.16). 
0242 Modification 3 
0243 As for a third modification of an output circuit 
according to the third embodiment, the portion of NAND 
circuit 89 and delay circuits 87a and 88 of FIG.16 are shown 
in FIG. 20. Referring to FIG. 20, delay circuit 87a includes 
a delay circuit 87a for delaying a signal received from 
inverter 85 at node N27, and a delay circuit 88 for delaying 
a signal at node N29 (output of NAND circuit 86) for a 
predetermined time. Delay circuit 87a includes cascaded 
three stages of inverter circuits 871-873, and a gate circuit 
874 having one input receiving an output of delay circuit 88 
and the other input receiving an output of inverter circuit 
873. Gate circuit 874 provides a signal of an H level when 
the output of inverter circuit 873 attains an L level and the 
output of delay circuit 88 attains an H level. The outputs of 
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delay circuits 87a and 88 are provided to NAND circuit 89. 
The output of NAND circuit 89 is applied to AND circuit 90. 

0244) AND circuit 90 turns on drive transistor 2b when 
the potential on node N2 attains an H level and the output of 
NAND circuit 89 attains an H level. 

0245 FIG. 21 shows a structure of NAND circuit 89 of 
FIG. 20. Referring to FIG. 21, NAND circuit 89 includes p 
channel MOS transistors 89a and 89c for receiving a signal 
potential on node N40 at their gates, and a p channel MOS 
transistor 89b and an in channel MOS transistor 89d for 
receiving a signal potential on node N41 at their gates. 
Transistors 89a and 89b are connected in parallel between 
the power supply potential node and output node N30. 
Transistors 89C and 89d are connected in series between 
output node N30 and the ground potential node. Transistors 
89a and 89b may have the same size. Alternatively, the size 
(channel width) of transistor 89b may be set greater than that 
of transistor 89a. The operation of the circuit shown in 
FIGS. 20 and 21 will now be described with reference to the 
operation waveform diagram of FIG. 22. 

0246 When an invalid output is present, the potential 
level of node N29 attains an H level, which causes the signal 
potential on node N41 to be driven to an H level. In this case, 
gate circuit 874 in delay circuit 87a functions as an inverter 
circuit. Therefore, when the signal potential on node N27 
attains an L level, the potential of node N40 attains an L 
level at an elapse of a predetermined time. NAND circuit 89 
has only to turn on p channel MOS transistor 89a, whereby 
output node N30 is charged via transistor 89a only as shown 
in FIG. 21. 

0247 Therefore, the potential rise of node N30 is rela 
tively gentle. When the potential level of node N30 exceeds 
the input logic threshold voltage of AND circuit 90, the 
output of (potential of node N31) AND circuit 90 attains an 
H level since the potential of node N2 attains an H level. 

0248 When an invalid output is absent, the potential on 
node N27 attains an H level, and gate circuit 874 functions 
as a buffer circuit. When the potential of node N29 attains an 
L level, the potential on node N21 is driven to an L level at 
an elapse of a predetermined time period by delay circuit 88, 
whereby the output of gate circuit 874 attains an L level. In 
NAND circuit 89, p channel MOS transistors 89a and 89b 
are both turned on to charge output node N30. When the 
potential of node N30 exceeds the input logic threshold 
AND circuit 90, a signal of an H level is provided on node 
N31 by AND circuit 90. 

0249. The rise of the signal potential on node N30 is 
relatively gentle when there is an invalid output, and rela 
tively speeded up when there is no invalid output. As a 
result, the rising time of the signal potential on node N31 can 
be differentiated, and the ON-timing of output drive tran 
sistor 2b can be made different between when there is an 
invalid output and when there is not an invalid input. If the 
input/output response characteristic of AND circuit 90 is 
relatively gentle, the rise of the signal potential on node N31 
follows that of node N30. Output drive transistor 2b is 
increased gradually in driving capability when there is an 
invalid output, and increased rapidly when there is no 
invalid output. Thus, output node 6 can be discharged at high 
speed when there is no possibility of generation of ringing. 
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Embodiment 4 

0250 FIG. 23 shows a structure of a control unit of an 
output circuit according to a fourth embodiment for dis 
charging an output signal Q to the level of ground potential. 
0251 Referring to FIG. 23, an output circuit includes an 
AND circuit 3 receiving output permission signal OEM and 
an output of inverter circuit 5 that receives internal readout 
data signal ZDD, an AND circuit 4 receiving internal 
readout data signal ZDD and output permission signal OEM, 
a drive transistor 1 rendered conductive in response to an 
output of AND circuit 3 for driving output node 6 to the level 
of power Supply potential Vcc, a drive transistor 2a respon 
sive to an output of AND circuit 4 for discharging output 
node 6 to the level of ground potential, and a drive transistor 
2b provided in parallel to drive transistor 2a, and responsive 
to a control signal from control circuit 100 for discharging 
output node 6 to the level of ground potential. 
0252 Control circuit 100 includes an inverter circuit 81 
for inverting the logic of a signal on node N2 (output of 
AND circuit 4), an AND circuit 101 for receiving a signal 
potential on node N2 and an output of inverter circuit 81, an 
inverter circuit 102 for inverting the logic of output desig 
nating signal DOT, an NAND circuit 103 for receiving 
outputs of AND circuit 101 and inverter circuit 102, an 
NAND circuit 104 for receiving an output of AND circuit 
101 and output designating signal DOT, a latch circuit 105 
for receiving an output of NAND circuit 103 and signal on 
node N2, and a latch circuit 106 for receiving an output of 
NAND circuit 104 and a signal on node N2. 
0253) Latch circuit 105 includes an NAND circuit NA5 
for receiving an output of NAND circuit 103 at one input, 
and an NAND circuit NA6 for receiving a signal on node N2 
at one input. The output of NAND circuit NA6 is provided 
to the other output of NAND circuit NA5. The output of 
NAND circuit NA5 is provided to the other input of NAND 
circuit NA6. Latch circuit 106 similarly includes cross 
coupled NAND circuits NAT and NA8. NAND circuit NAT 
receives the output of NAND circuit 104 at one input and the 
output of NAND circuit NAB at the other input. NAND 
circuit NA8 receives a signal on node N2 at one input and 
an output of NAND circuit NAT at the other input. 
0254. Output control circuit 100 further includes a delay 
stage 107 for delaying an output of NAND circuit NA5 of 
flipflop 105 (signal on node N46) for a predetermined time 
and inverting a logic thereof, a delay circuit 108 for delaying 
an output of NAND circuit NAT of flipflop 106 for a 
predetermined time and inverting the logic thereof, an 
NAND circuit 89 for receiving outputs of delay circuits 107 
and 108, and an AND circuit 90 for receiving a signal on 
node N2 and an output of NAND circuit 89. The output of 
AND circuit 90 is applied to the gate of drive transistor 2b. 
0255. The delay time of delay circuit 107 is set longer 
than that of delay circuit 108. The operation of the circuit of 
FIG. 23 will now be described with reference to the opera 
tion waveform diagrams of the FIGS. 24A and 24B. 
0256 The operation in a case where an invalid data signal 

is output will be described with reference to FIG.24A. Here, 
an invalid data signal is at an L level and a valid data signal 
is at an H level. At the initial state, output permission signal 
OEM is at an L level, and output designating signal DOT is 
at an H level. Internal readout data signal ZDD maintains an 
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L level even when output permission signal OEM is pulled 
up to an H level, and node N2 maintains an L level. 
0257. In this state, in response to output designating 
signal DOT driven to an L level, inverter circuit 102 drives 
potential of node N43 to an H level, and NAND circuit 103 
functions as an inverter during this period. The output of 
NAND circuit 104 maintains the state of an H level since the 
output of AND circuit 101 is at an L level. 
0258 When a valid data signal ZDD is applied to internal 
data bus line 915b, the potential of node N2 is driven to an 
H level. This causes the output of inverter circuit 81 to be 
pulled down to an L level, whereby a pulse signal of an H 
level having a time width of the delay time of inverter circuit 
81 is generated from AND circuit 101. 
0259. In response to a one shot pulse signal from AND 
circuit 101, NAND circuit 103 generates a one shot pulse 
signal of an L level on node N45. As a result, the output of 
NAND circuit NA5 is driven to an H level, and the potential 
of node N46 is set to an H level in latch circuit 105. 

0260 Output designating signal DOT attains an L level 
and the latching state of latch circuit 106 does not change 
(output of NAND circuit 104 maintains an H level) even 
when a one shot pulse signal of an H level is generated on 
node N44. More specifically, node N49 (output of NAND 
circuit NAT of latch circuit 106) is fixed at an L level. The 
output of delay circuit 108 attains an H level, and NAND 
circuit 89 functions as an inverter circuit. 

0261. At an elapse of the delay time of delay circuit 107. 
a signal of an L level is provided from delay circuit 107 to 
drive the output of NAND circuit 89 to an H level. Then, the 
output of AND circuit (signal potential on node N31) attains 
an H level since the potential of node N2 already attains an 
H level. Therefore, drive transistor 2b is turned on. 
0262 More specifically, when an invalid data signal is 
output, drive transistor 2b is turned on at an elapse of a delay 
time T1 of delay circuit 107 from the time of drive transistor 
2a being turned on. As a result, when the invalid data signal 
and the valid data signal differ in logic, drive transistor 2b 
is turned on when the potential of output node 6 reaches a 
Sufficient low level where no ringing is generated. 
0263. The operation in the case where an invalid data 
signal is not output will be described with reference to FIG. 
24B. In this state, output designating signal DOT first attains 
an L level for a predetermined time period. In response to 
this output designating signal DOT, the output of inverter 
circuit 102 is pulled up to an H level for a predetermined 
time period. However, the potential of node N2 is at an L 
level, and the output of AND circuit 101 is at L level yet. 
Therefore, the outputs of NAND circuits 103 and 104 
maintain a level of the H level. 

0264. During the period of output designating signal 
DOT being at an L level, valid data is provided on internal 
data bus line 915b, and internal data signal ZDD attains an 
H level. Output permission signal OEM attains an H level 
after output designating signal DOT is pulled up to an H 
level, and the potential of node N2 attains an H level. 
0265. In response to a rise of the potential of node N2, a 
one shot pulse signal of an H level is generated from AND 
circuit 101 on node N44. Output designating signal DOT is 
already restored to an H level, and the output of inverter 
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circuit 102 attains an L level. Therefore, the output of 
NAND circuit 103 maintains an H level. 

0266 NAND circuit 104 responds to a one shot pulse 
signal of an H level from AND circuit 101 to generate a 
pulse signal of an L level. As a result, output of NAND 
circuit NAT of latch circuit 106 is pulled up to an H level 
from an L level. In response to the transition of the output 
of NAND circuit NA7 (signal potential on node N49) to an 
H level, the output of NAND circuit NA8 is driven to an L 
level, and the potential of node N49 is latched to L level. 
0267 At an elapse of a delay time T2 of delay circuit 108, 
the output of delay circuit 108 is pulled up to an H level. 
0268. The potential of node N46 attains an L level, and 
the output of delay circuit 107 attains an H level. Therefore, 
in response to an output of delay circuit 108, the output of 
NAND circuit 89 is pulled to an H level. Then, the output of 
AND circuit 90 is pulled up to an H level. Drive transistor 
2b is rendered conductive in response to an output of AND 
circuit 90, whereby output node 6 is discharged to the level 
of ground potential. As described above, when no invalid 
data signal is output, drive transistor 2b is turned on at an 
elapse of a delay time of delay circuit 108. The delay time 
of delay circuit 108 is shorter than that of delay circuit 107. 
Therefore, when an invalid data signal is not output, drive 
transistor 2b can be turned on at an advanced timing. 
0269. By adjusting the on-timing of drive transistor 2b. 
generating of ringing can be reliably prevented. 

0270. It is to be noted that various modifications similar 
to those of the prior Embodiment 1 can be carried out under 
the structure shown in FIG. 23. In the modification set forth 
in the following, a circuit configuration for pulling up the 
potential of output node 6 may be employed, and the number 
of stages of inverters in a delay circuit may be set to an 
arbitrary number. 

0271 Modification 1 
0272 FIG. 25 shows a circuit configuration for prevent 
ing generating of ringing during discharging of output node 
6. Referring to FIG. 25, a control circuit 100 includes an 
inverter circuit 110 for inverting a signal potential on node 
N2, an AND circuit 111 for receiving a signal on node N2 
and an output of inverter circuit 110, an inverter circuit 112 
for receiving output designating signal DOT, an NAND 
circuit 113 for receiving outputs of AND circuit 111 and 
inverter circuit 112, a delay circuit 118a for delaying an 
output of NAND circuit 113 for a predetermined time period 
of T1, an NAND circuit 114 for receiving an output of AND 
circuit 111 and output designating signal DOT, a delay 
circuit 118b for delaying an output of NAND circuit 114 for 
a predetermined time period T2 (T2<T1), an NAND circuit 
115 for receiving outputs of delay circuits 118a and 118b, an 
inverter circuit 116 for inverting an output of NAND circuit 
115, and a latch circuit 117 for receiving an output of 
inverter circuit 116 and a signal on node N2. 
0273 Latch circuit 117 includes cross-coupled NAND 
circuits NA9 and NA10. NAND circuit NA10 provides a 
signal for driving drive transistor 2b. NAND circuit NA9 
receives a signal potential on node N2 at one input. NAND 
circuit N10 receives an output of inverter circuit 116 at one 
input. NAND circuits NA9 and NA10 have their outputs and 
the other inputs cross-coupled. The operation of the circuit 
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of FIG. 25 will be described with reference to the operation 
waveform diagrams of FIGS. 26A and 26B. 
0274. An operation in a case where an invalid data signal 

is output will be described with reference to FIG. 26A. First, 
output designating signal OEM is pulled up to an H level. 
Here, readout data signal ZDD is at an L level which is an 
invalid data signal. The potential of node N2 and the output 
of AND circuit 111 are both at an L level, and the outputs of 
NAND circuits 113 and 114 are at an H level. NAND circuit 
115 provides a signal of an L level according to the outputs 
of delay circuits 118a and 118b, and inverter circuit 116 
provides a signal of an H level. The signal potential of node 
N2 is at an L level, and the outputs of NAND circuits NA9 
and NA10 in latch circuit 117 are at an H level and an L 
level, respectively. 
0275. In response to output designating signal DOT at an 
L level for a predetermined time, the output of inverter 
circuit 112 is pulled to an H level. During this period of 
output designating signal DOT being at an L level, a valid 
data signal is read out, and internal readout data signal ZDD 
is driven to an H level. In response, the potential of node N2 
is pulled to an H level. In response to a rise of the potential 
of node N2, a one shot pulse signal of an H level is generated 
on node N74 by a one shot pulse signal generation circuit 
formed of AND circuit 111 and inverter circuit 110. NAND 
circuit 113 receives a signal of an H level at one input via 
inverter circuit 112. Therefore, a signal of an L level is 
transmitted onto node N75 in response to a rise of an output 
of AND circuit 111. 

0276 Since output designating signal DOT is at an L 
level, NAND circuit 114 does not respond to a one shot pulse 
signal from AND circuit 111, and provides a signal of an H 
level. 

0277 At an elapse of a predetermined time period T1 of 
delay circuit 118a, the output of delay circuit 118a is pulled 
down to an L level, and the output of NAND circuit 115 is 
pulled up to an H level (output of delay circuit 118b is high). 
In response to an output of NAND circuit 115, a one shot 
pulse signal of an L level is provided from inverter circuit 
116 on node N77. Thus, NAND circuit NA10 provides a 
signal of an H level, whereby drive transistor 2b is turned on. 
0278 NAND circuit NA9 responds to the signal of an H 
level generated from NAND circuit NA10 in response to the 
one shot pulse signal to provide a signal of an L level even 
when the output of inverter circuit 116 is restored to an H 
level. Therefore, NAND circuit NA10 maintains its output at 
H level even when the output of inverter circuit 116 is 
restored to an H level. 

0279. In response to the potential of node N2 attaining an 
L level, the output of NAND circuit NA9 provides an output 
of an H level and NAND circuit NA10 receives a signal of 
an H level at both inputs, so that latch circuit 117 supplies 
a signal of an L level. Therefore, drive transistor 2b is turned 
off. 

0280. As described above, when an invalid data signal is 
output, the ON-timing of drive transistor 2b is determined by 
delay circuit 114 with a longer delay time. 
0281. A discharge operation of output node 6 when an 
invalid data is not output will be described with reference to 
FIG. 26B. 
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0282 First, output designating signal DOT attains an L 
level, and inverter circuit 116 provides an output of an H 
level. The signal potential of node N2 is still at an L level 
and the output of AND circuit 111 is at an L level. The output 
of NAND circuit 114 maintains the H level regardless of a 
change in output designating signal DOT. Under this state, 
delay circuits 118a and 118b both provide outputs of an H 
level. The outputs of NAND circuit 115, inverter circuit 116 
and NAND circuit NA10 are at an L level, an H level, and 
an L level, respectively. 
0283) A valid data signal is provided on internal data bus 
line 915b, whereby internal data bus ZDD is pulled up to an 
H level. Then, output permission signal OEM is driven to an 
H level, and the potential of node N2 is pulled up to an H 
level. In response to the rise of the signal potential on node 
N2, a one shot pulse signal of an H level is provided from 
AND circuit 111. Here, output designating signal DOT 
attains an H level, and the output of inverter circuit 112 
attains an Llevel. Therefore, the output of NAND circuit 113 
exhibits no change and is held at an H level. A one shot 
signal of an L level is provided from NAND circuit 114 onto 
node N76. At an elapse of a delay time T2 of delay circuit 
118b, the outputs of delay circuit 118b and NAND circuit 
115 attain an L level and an H level, respectively. In 
response, the output of inverter circuit 116 attains an L level, 
and NAND circuit NA10 provides a signal of an H level on 
node N78. In response to a signal of an H level on node N78, 
drive transistor 2b is turned on. 

0284. Therefore, in the case where an invalid data signal 
is not output, the timing at which drive transistor 2b is turned 
on is determined by the delay time of delay circuit 118b. 
When an invalid data signal is not output, the potential of the 
output node is already low enough when drive transistor 2b 
is turned on. Therefore, a signal of an L level can be output 
stably with no ringing. 
0285 Different variations can be applied to the modifi 
cation of FIG. 25. 

0286 Modification 2 
0287 FIG. 27 shows a structure of an output circuit 
control unit according to a second modification of the fourth 
embodiment. Referring to FIG. 27, output control circuit 
100 includes an NAND circuit 121 for receiving internal 
readout data signal ZDD, an output of inverter circuit 5, and 
output permission signal OEM, and a latch circuit 122 for 
receiving output permission signal OEM and an output of 
NAND circuit 121. Latch circuit 122 includes NAND cir 
cuits NA11 and NA12. NAND circuit NA11 receives output 
permission signal OEM at one input and an output of 
0288 NAND circuit NA12 at the other input. NAND 
circuit NA12 receives an output of NAND circuit 121 at one 
input and an output of NAND circuit NA11 at the other 
input. 

0289 Output control circuit 100 further includes an 
inverter circuit 124 for receiving an output of NAND circuit 
NA12 of latch circuit 122, a delay circuit 123 for delaying 
a signal on node N2 for a predetermined time, an NAND 
circuit 126 for receiving outputs of inverter circuit 124 and 
delay circuit 123, a delay circuit 125 for delaying an output 
of inverter circuit 124 for a predetermined time period T4. 
an NAND circuit 89 for receiving outputs of NAND circuit 
126 and delay circuit 125, an AND circuit 90 for receiving 
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an output of NAND circuit 89 and a signal on node N2. A 
drive control signal is provided from AND circuit 90 to drive 
transistor 2b. An operation of the output control unit of FIG. 
27 will be described with reference to the operation wave 
form diagrams of FIGS. 28A and 28B. In the output control 
circuit of FIG. 27, output designating signal DOT is not 
used. 

0290 The operation in a case where an invalid output is 
present will be described with reference to FIG. 28A. When 
an invalid data signal is output, output permission signal 
OEM is pulled up to an H level prior to internal readout data 
signal ZDD. When internal readout data signal ZDD attains 
an H level during the H period of output permission signal 
OEM, the potential of node N2 is pulled up to an H level via 
AND circuit 4. 

0291. The output of inverter circuit 5 is at an H level 
according to the delay time thereof even when internal 
readout data signal ZDD is pulled up to an H level. There 
fore, all the three inputs of NAND circuit 121 attains an H 
level, whereby a signal of an L level is output during the 
delay time period of inverter circuit 5. 
0292. When a signal of an L level is provided to node 
N82 from NAND circuit 121, the output of NAND circuit 
NA12 in latch circuit 122 attains an H level. In response to 
a signal of an H level provided from NAND circuit NA12 to 
node 84, the output of NAND circuit NA11 attains an L 
level. Output node N84 of latch circuit 122 maintains an H 
level during the time period of output permission signal 
OEM being at an H level. 
0293 When the potential on node N84 is pulled to an H 
level, the potential of node N85 is pulled down to an L level 
by inverter circuit 124. The output of delay circuit 123 
attains an L level prior to pull down of the output of inverter 
circuit 124 to an L level. When the output of delay circuit 
123 attains an H level in response to a rise of node N2, the 
potential of node N85 already attains an H level. Therefore, 
the output of NAND circuit 126 is fixed to an H level. 
0294. When the signal of an L level on node N85 is 
transmitted to one input of NAND circuit 89 via delay circuit 
125, a signal of an H level is provided on node N30 from 
NAND circuit 89. In response, a signal of an H level is 
provided from AND circuit 90 to node N31, whereby drive 
transistor 2b is turned on. More specifically, in the case 
where an invalid data signal is output, drive transistor 2b is 
turned on at a timing determined by delay time T4 of delay 
circuit 125. The delay time of delay circuit 125 is set longer 
than delay time T3 of delay circuit 123. Therefore, drive 
transistor 2b is turned on after the potential of output node 
6 is pulled down to a sufficient low level, so that generation 
of ringing can be prevented effectively. 
0295) The operation in a case where an invalid data signal 

is not output will be described with reference to FIGS. 28A 
and 28B. In this case, output permission signal OEM attains 
an H level after internal readout data ZDD is pulled up to an 
H level. The output of inverter circuit 5 already attains an L 
level, and therefore the output of NAND circuit 121 attains 
an H level, when output permission signal OEM is pulled up 
to an H level. Even when internal readout data signal ZDD 
is driven to an H level from an L level, output permission 
signal OEM attains an L level at that timing. Therefore, a 
signal of an H level is normally provided from NAND 
circuit 121. 
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0296. A rise in output permission signal OEM causes the 
potential of node N2 to be driven to an H level. When 
NAND circuit 121 provides an output of an H level and 
output permission signal OEM attains an L level, NAND 
circuit NA11 provides a signal of an L level and NAND 
circuit NA12 provides a signal of an H level in latch circuit 
122. Therefore, even when output permission signal OEM is 
pulled up to an H level, the potential of node N84 maintains 
an L level, and the output of NAND circuit NA11 is fixed at 
an H level. More specifically, the potential of node N84 is 
fixed at an L level, and the potential of node N85 is fixed at 
an H level. 

0297. At an elapse of delay time T3 of delay circuit 123 
following the rise of the potential of node N2 to an H level 
from an L level, the output of delay circuit 123 attains an H 
level and the output of NAND circuit 126 attains an L level. 
Although the output of delay circuit 125 is fixed at an H 
level, the output of NAND circuit 89 is pulled up to an H 
level in response to a signal of an L level provided to node 
N86 from NAND circuit 126. In response, the output of 
AND circuit 90 is pulled up to an H level. More specifically, 
in the case where an invalid data signal is not output, the 
ON-timing of drive transistor 2b is determined according to 
delay time T3 of delay circuit 123. Although drive transistor 
2b is turned on in a relatively short period from an output of 
a valid data signal, output node 6 is discharged from an 
intermediate potential, for example, so that the potential 
level thereof is sufficiently low. Therefore, a stable output 
signal is provided with no ringing even when drive transistor 
2b is turned on. 

0298 Similar to the first modification, a structure for 
pulling up an output signal may be employed in the output 
control circuit of the second modification shown in FIG. 27. 
Furthermore, other similar changes may be employed. 

0299 Modification 3 
0300 FIG.29 shows a structure of a third modification of 
the fourth embodiment. In FIG. 29, a structure of an output 
control circuit for discharging output node 6 to the level of 
ground potential is shown. 

0301 Referring to FIG. 29, output control circuit 100 
includes an NAND circuit 130 for receiving output permis 
sion signal OEM, internal readout data signal ZDD, and an 
output of inverter circuit 5, a delay circuit 131 for delaying 
a signal potential on node N2 for a predetermined time, and 
a latch circuit 132 for receiving output permission signal 
OEM and an output of NAND circuit 130. Latch circuit 132 
includes cross-coupled NAND circuits NA13 and NA14. 
NAND circuit NA13 has one input receiving output permis 
sion signal OEM and the other input receiving an output of 
NAND circuit N14. NAND circuit NA14 has one input 
receiving an output of NAND circuit 130 and the other input 
receiving an output of NAND circuit N13. 

0302) Output control circuit 100 further includes an 
NAND circuit 134 for receiving an output of delay circuit 
131 and an output of NAND circuit NA14 in latch circuit 
132, an inverter circuit 133 for receiving an output from 
latch circuit 132 to node N95; an NAND circuit 135 for 
receiving outputs of inverter circuit 133 and delay circuit 
131, a delay circuit 136 for delaying an output of NAND 
circuit 134 for a predetermined time period T1, a delay 
circuit 137 for delaying an output of NAND circuit 135 for 
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a predetermined time period T2, an NAND circuit 136 for 
receiving outputs of delay circuits 136 and 137, and an AND 
circuit 90 for receiving an output of NAND circuit 89 and a 
signal potential on node N2. A signal is provided from AND 
circuit 90 to the gate of drive transistor 2b. The operation of 
the output control circuit of FIG. 29 will be described with 
reference to the operation waveform diagrams of FIGS. 30A 
and 30B. 

0303 An operation in the case where there is an invalid 
data signal output will first be described with reference to 
FIG. 30A. When internal readout data signal ZDD is at an 
L level, output permission signal OEM is pulled to an H 
level. In this state, the output of NAND circuit 130 (signal 
potential on node N92) attains an H level. 
0304. When a valid data signal is transmitted and internal 
readout data signal ZDD is pulled up to an H level, the 
potential of node N2 is driven to an H level. Responsively, 
NAND circuit 130 provides a one shot signal of an L level 
according to the delay time of inverter circuit 5. As a result, 
the output of NAND circuit NA14 is pulled up to an H level, 
and the signals of both inputs of NAND circuit NA13 attain 
an H level in latch circuit 132. Therefore, the potential of 
node N94 is pulled down to an L level. The latch state of 
latch circuit 132 is maintained during the time period of 
output permission signal OEM being at an H level. 
0305 At an elapse of a delay time of delay circuit 131 
following the rise of the potential of node N2 to an H level, 
the potential of node N93 is pulled up to an H level. The 
potential of node N95 attains an H level, and a signal of an 
L level is provided on node N97 from NAND circuit 134. 
0306 In contrast, NAND circuit 135 maintains the output 
at the H level since the potential of node N96 is set to an L 
level by inverter circuit 133. Therefore, the output of delay 
circuit 137 demonstrates no change and is maintained at the 
state of H. 

0307 At an elapse of a delay time T1 of delay circuit 136, 
the output of delay circuit 136 is pulled up to an L level, and 
a signal of an H level is provided from NAND circuit 89 to 
node N30. As a result, the output of AND circuit 90 attains 
an H level (the potential of node N2 already attains an H 
level). In response to a signal of an H level on node N31, 
drive transistor 2b is turned on to discharge output node 6 at 
high speed. 

0308 An operation in the case where an invalid data 
signal is not output will be described with reference to FIG. 
30B. In this case, output permission signal OEM is driven to 
an H level after internal readout data signal ZDD attains an 
H level. Therefore, the output of NAND circuit 130 is fixed 
at an H level, whereby latch circuit 130 maintains the initial 
state. Since latch circuit 132 has reset by an output permis 
sion signal OEM of an L level at the initial state, NAND 
circuit NA14 provides a signal of an L level to node N95. 
Therefore, a signal of an H level is constantly provided from 
inverter circuit 133 onto node N96. 

0309 At an elapse of a delay time of delay circuit 131 
from the rise of the potential of node N92 to an H level, the 
potential of node N93 is pulled to an H level. The potential 
of node N95 attains an Llevel, and the potential of node N96 
attains an H level. Therefore, when the potential of node 
N93 is pulled up to an H level, a signal of an L level is 
provided from NAND circuit 135 to node N98. At an elapse 
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of delay time T2 of delay circuit 137, the output of delay 
circuit 137 is pulled up to an H level. As a result, a signal of 
an H level is provided from NAND circuit 89 to node N30, 
and a signal of an H level is provided on node N31 by AND 
circuit 90, and drive transistor 2b is turned on. 

0310. When there is a possibility of an output of an 
invalid data signal, the ON-timing of drive transistor 2b is 
determined by the delay time of delay circuits 131 and 136. 
In the case where no invalid data signal is output, the 
on-timing of drive transistor 2b is determined by the delay 
time of delay circuits 131 and 137. Therefore, drive tran 
sistor 2b can be turned on at an appropriate timing according 
to the absence/presence of an invalid data signal. 

0311 Similar to the first modification, various changes 
can be made on the output control circuit of FIG. 29. 

0312 Modification 4 
0313) Referring to FIG. 31, an output control circuit 100 
includes an inverter circuit 110 and an AND circuit 111 
responsive to a rise of the signal potential on node N2 for 
generating a one shot pulse signal of an H level, an NAND 
circuit 141 for receiving output designating signal DOT and 
an output of AND circuit 111, and a latch circuit 142 for 
receiving a signal on node N2 and an output of NAND 
circuit 141. Latch circuit 142 includes NAND circuits NA15 
and NA16. NAND circuit NA15 has one input receiving an 
output of NAND circuit 141 and the other input receiving an 
output signal of NAND circuit NA16. NAND circuit NA16 
has one input receiving a signal potential on node N2 and the 
other input receiving an output of NAND circuit N25. 

0314 Output control circuit 100 further includes a delay 
circuit 143 for receiving an output of NAND circuit NA15 
of latch circuit 142, a delay circuit 146 for receiving a signal 
on node N2, an AND circuit 144 for receiving outputs of 
delay circuits 146 and 143, an inverter 147 for inverting a 
signal on node N2, and an NOR circuit 145 for receiving an 
output of inverter 147. A drive control signal is provided 
from NOR circuit 145 to the gate of drive transistor 2b via 
node N31. 

0315 Delay circuits 143 and 146 delay an applied signal 
for a predetermined time and invert the logic thereof. 
Inverter circuit 144 also functions as a delay circuit. 
0316 The operation of the output control circuit of FIG. 
31 will be described with reference to the operation wave 
form diagrams of FIGS. 32A and 32B. 

0317. An operation in the case where an invalid data 
signal is output will be described hereinafter with reference 
to FIG. 32A 

0318 First, output permission signal OEM is pulled up to 
an H level, but the potential of node N2 is maintained at an 
L level since internal readout data signal ZDD is at an L 
level. 

0319. When output designation signal DOT is pulled 
down to an L level, a valid data signal of an H level is 
transmitted on internal readout data line 915b at an elapse of 
a predetermined time period. According to internal readout 
data signal ZDD of an H level, the potential of node N2 is 
pulled up to an H level. In response to rise of the potential 
of node N2, a one shot signal of an H level is provided from 
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AND circuit 111. The pulse width of the one shot pulse 
signal from AND circuit 111 is determined by the delay time 
of inverter circuit 110. 

0320 When this one shot pulse signal is generated from 
AND circuit 111, output designating signal DOT still 
remains at an L level, and the output of NAND circuit 141 
is fixed to an H level. In latch circuit 142, when node N2 
maintains an L level at the initial state, a signal of an H level 
is provided from NAND circuit NA16, and the signal of an 
L level is provided from NAND circuit NA15. Therefore, 
the signal from NAND circuit NA16 to node N106 is 
maintained at the H level even when the potential of node 
N2 is driven to an H level. In other words, the latch state of 
latch circuit 142 exhibits no change, and the potential of 
node N105 is fixed at an L level. 

0321) At an elapse of a delay time of inverter 147 
following the rise of the potential of node N2 to an H level, 
the signal from inverter circuit 147 to node N107 attains an 
L level. AND circuit 144 receives a signal of an H level from 
delay circuit 143. Therefore, at an elapse of a delay time of 
delay circuit 146 from the rise of the potential of node N2 
to an H level, the potential of node N108 is driven to an L 
level, and the output of AND circuit 144 attains an L level. 
NOR circuit 145 receives signals of an L level at both inputs, 
whereby the potential of node N31 is increased. As will be 
described afterwards, NOR circuit 145 and AND circuit 144 
form a composite gate, in which only one p channel MOS 
transistor is turned on at the output portion. As a result, the 
potential of node N31 rises gently, and the driving capability 
of drive transistor 2b is gradually increased. Therefore, the 
fall of the potential of output node 6 is gentle. Even in the 
case where an invalid signal is output, the driving capability 
of drive transistor 2b is increased at an elapse of a sufficient 
time period. Thus, a signal of an L level can be provided 
stably with no generation of ringing. 

0322. An operation in the case where an invalid data is 
not output will be described hereinafter with reference to 
FIG. 32B. 

0323 First, output designating signal DOT is generated. 
In response, valid data signal ZDD is pulled up to an H level. 
In this state, the potential of node N2 is at an L level yet. 
0324 Following the rise (generation) of output designat 
ing signal DOT to an H level, output permission signal OEM 
is pulled up to the H level, and the potential of node N2 is 
driven to an H level. In response, AND circuit 111 provides 
a one shot pulse signal of an H level according to the delay 
function of inverter circuit 110. In response to the one shot 
pulse of an H level from AND circuit 111, a one shot pulse 
signal of an L level is generated from NAND circuit 141 
onto node N104 (signal DOT already attains an H level). In 
response to a signal of an L level on node N104, the output 
of NAND circuit NA15 of latch circuit 142 is pulled up to 
an H level. According to a signal of an H level provided to 
node N105 from NAND circuit NA15, a signal of an L level 
is provided from NAND circuit NA16 to node N106. This 
state is maintained during the period of H level of node N2. 
0325 In response to a rise of the potential of node N2, the 
output of inverter circuit 147 is pulled down to an L level, 
whereby the output of NOR circuit 145 is gradually 
increased. Then, the output of delay circuit 146 is pulled 
down to an L level at an elapse of a delay time in response 
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to a rise of the signal on node N2, and the output of AND 
circuit 144 attains an L level. Furthermore, the output of 
delay circuit 143 is pulled down to an L level. In the 
composite gate formed of AND circuit 144 and NOR circuit 
145, at least two p channel MOS transistors are turned on to 
increase the potential of node N31 by a greater driving 
capability differently from the case where an invalid data 
signal is output. Drive transistor 2b is turned on at a 
relatively advanced timing after a valid data signal appears 
on node N2. Thus, the potential of output node 6 is reduced 
at a high speed. 
0326. As described above, output node 6 can be dis 
charged to the level of ground potential at an optimum 
timing according to a structure where the logic gate of 
controlling the potential of drive transistor 2b is formed of 
a composite gate, and the number of charging transistors 
which are turned on out of the transistors of the composite 
gate is changed according to the absence/presence of an 
invalid data output. 
0327 FIG.33 shows a specific structure of the composite 
gate of the AND circuit and NOR gate of FIG. 31. Referring 
to FIG. 33, NAND circuit 144 and NOR circuit 145 include 
p channel MOS transistors 151 and 152 connected in series 
between a power potential supply node and node N31, and 
having the gates connected to nodes N107 and N102, p 
channel MOS transistors 153 and 154 connected in series 
between the Supply node of power Supply potential and node 
N31, and having their gates connected to nodes N107 and 
N108, respectively, an in channel MOS transistor 155 con 
nected between output node N31 and the ground potential 
node, and having its gate connected to node N107, and in 
channel MOS transistors 156 and 157 connected in series 
between node N31 and the ground potential node for receiv 
ing the potentials of nodes N108 and N109 at their respec 
tive gates. 
0328. According to the composite gate structure of FIG. 
33, NOR circuit 145 functions as an inverter circuit when the 
potential of node N107 attains an Llevel. When the potential 
of node N107 attains an L level, transistors 151 and 153 are 
turned on and transistor 155 is turned off. When the potential 
of node N108 attains an L level, transistor 154 is turned on. 
Therefore, when there is a possibility of an invalid data 
signal output, output node N31 is charged only via transis 
tors 153 and 154. In this operation, transistor 156 is turned 
off, so that a discharging path does not exist, and the 
potential of node N31 rises gently. 
0329. When the potentials of nodes 108 and N109 attain 
an L level, the potential of node N107 already attains an L 
level. Therefore, node N31 is charged via transistors 151 and 
152, and further by transistors 153 and 154, while all the 
discharging transistors 155, 156 and 157 are turned off. 
Therefore, node N31 is charged at a relative high speed, and 
the potential is pulled up speedily. 
0330. When the potential of node N107 is pulled up to an 
H level, transistor 155 is turned on, and node N31 is 
discharged via transistor 155 to attain an L level. In this 
operation, transistors 151 and 153 are off. 
0331 By using the composite gate as shown in FIG. 33. 
the gate of drive transistor 2b, i.e. the rising speed of the 
potential of node N31 can be switched according to absence/ 
presence of an output of an invalid data signal. Therefore, 
the driving capability of drive transistor 2b can be increased 
at an optimum timing. 
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0332. In the structure of the composite gate of FIG.33, p 
channel MOS transistors 151 and 153 may be combined 
together into one p channel MOS transistor. Similar to the 
previous embodiments, various modifications can be applied 
to the output control circuit of FIG. 31. 
0333 Modification 5 
0334 Referring to FIG. 34 showing an output circuit of 
a fifth modification of the fourth embodiment, an output 
circuit includes a delay circuit 161 for delaying output 
permission signal OEM for a predetermined time T5, an 
inverter circuit 5 for inverting internal readout data ZDD, an 
AND circuit 3 for receiving outputs of delay circuit 161 and 
inverter circuit 5, an AND circuit 4 for receiving output 
permission signal OEM and internal readout data signal 
ZDD, a drive transistor 1 formed of an in channel MOS 
transistor and rendered conductive in response to an output 
of AND circuit 3 for charging output node 6 to the level of 
power Supply potential Vcc, and a drive transistor 2a of an 
in channel MOS transistor and rendered conductive in 
response to an output of AND circuit 4 for discharging 
output node 6 to the level of ground potential. 
0335 The output circuit further includes a delay circuit 
160 for delaying an output of AND circuit 4 for a predeter 
mined time T6, and an AND circuit 90 for receiving a signal 
of node N2 (output of AND circuit 4) and an output of delay 
circuit 160. The output of AND circuit 90 is applied to the 
gate of drive transistor 2b. The current driving capability of 
drive transistor 2b is set greater than that of drive transistor 
2a. The operation of the output circuit of FIG. 34 will be 
described with reference to the operation waveform dia 
grams of FIGS. 35A and 35B. 
0336 An operation in a case where an invalid data signal 

is not output will be described with reference to FIG. 35A. 
In the case where an invalid data signal is not output, output 
permission signal OEM is pulled up to an H level after the 
rise of internal readout data signal ZDD to an H level. In 
response to a rise of output permission signal OEM, AND 
circuit 4 provides a signal of an H level to node N2. In 
response to a rise of the potential of node N2, drive transistor 
2a is turned on, whereby the potential of output node 6 is 
discharged gently towards the level of the ground potential. 
0337. At an elapse of a predetermined time period T6 of 
delay circuit 160, the output of delay circuit 160 attains an 
H level, and the output of AND circuit 90 attains an H level. 
As a result, drive transistor 2b is turned on, whereby the 
potential of output node 6 is discharged to the level of 
ground potential at high speed. The potential of output node 
6 is low enough when drive transistor 2b is turned on, so that 
an output signal can be provided stably with no ringing even 
when the potential of output node is discharged at high 
speed. 

0338 Node N1 maintains the potential of an L level since 
internal readout data signal ZDD already attains an H level 
when output permission signal OEM is pulled up to an H 
level. Therefore, drive transistor 1 is kept turned off. 
0339. An operation in the case where an invalid data 
signal is output will be described with reference to FIG.35B. 
When an invalid data signal is output, output permission 
signal OEM is pulled up to an H level, while internal readout 
data signal ZDD still maintains an L level. The output of 
inverter circuit 5 is at an H level. At an elapse of a delay time 
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of T5 of delay circuit 161 from the rise of output permission 
signal OEM to an H level, the output of AND circuit 3 
(potential of node N1) is pulled up to an H level, whereby 
drive transistor 1 is turned on to charge output node 6. 

0340. Then, when a valid data signal is transmitted and 
internal readout data signal ZDD is pulled up to an H level, 
the output of inverter circuit 5 is pulled down to an L level. 
As a result, the output of AND circuit 3 (potential of node 
N1) is driven to an L level, and drive transistor 1 is turned 
off. In response to the transition of internal readout data 
signal ZDD to an H level, the output of AND circuit 4 
(potential of node N2) is pulled up to an H level, and drive 
transistor 2a is turned on. As a result, the potential of output 
node 6 is discharged gently to the level of ground potential. 

0341. At the elapse of a delay time T6 of delay circuit 
160, delay circuit 160 is pulled up to an H level, and the 
output of AND circuit 90 is driven to an H level. As a result, 
drive transistor 2b is turned on, and the potential of output 
node 6 is discharged to the level of ground potential at a high 
speed. 

0342. In the case where this invalid data signal is output, 
the period during which the invalid data signal appears on 
output node 6 is reduced by delay time T5 of delay circuit 
161. Therefore, the time duration of an invalid data signal 
appearing on output node 6 is shortened, so that the amount 
of a potential change due to the invalid data signal of output 
node 6 can be reduced. As a result, when drive transistor 2b 
is turned on following the turn on of drive transistor 2a to 
discharge potential output node 6, the potential of output 
node is sufficiently low that an output signal can be provided 
stably with generation of ringing effectively prevented. 

0343. The output of an invalid data signal can be pre 
vented by setting the delay time T5 of delay circuit 161 such 
that a signal of an H level is not provided from AND circuit 
3 to node N1 until internal readout data signal ZDD attains 
a valid state of an H level. 

0344) In the case where an invalid data signal is not 
output (refer to FIG. 35A) according to the structure of FIG. 
34, the time required for the potential of node N1 to be 
driven to an H level from the rise of output permission signal 
OEM to an H level is delayed by delay time T5 of delay 
circuit 161. Therefore, in this case, only the access time of 
an H output is delayed. When the access time is determined 
by an output of an L level, and the H access time period is 
shorter than an L access time, degradation of the access time 
can be prevented. 

0345 FIG. 34 shows a structure of discharging output 
node 6 to the level of ground potential. In the structure 
shown in FIG. 34, generation of ringing at the rise of the 
potential of output node 6 can be prevented by providing a 
structure similar to that of delay circuit 161 for AND circuit 
4, and by providing delay circuit 160 and AND circuit 90 to 
node N1, and providing a drive transistor having a driving 
capability greater than that of drive transistor 1 in parallel 
thereto. 

0346) Delay circuits 161 and 160 shown in FIG. 34 may 
have the number of stages of inverters set to an appropriate 
value. Furthermore, delay circuits 160 and 161 may be 
realized by a delay element different from an inverter. 
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0347 Modification 6 
0348 Referring to FIG. 36 showing a structure of an 
output circuit of a sixth modification, the output circuit 
includes an inverter circuit 5 for inverting internal readout 
data signal ZDD, an AND circuit 3 for receiving output 
permission signal OEM and an output of inverter circuit 5. 
an AND circuit 4 for receiving output permission signal 
OEM and internal readout data signal ZDD, a delay circuit 
160a for delaying output permission signal OEM for a 
predetermined time Ta, and a delay circuit 160b for delaying 
an output of AND circuit 4 for a predetermined time period 
of Tb. Delay time Ta of delay circuit 160a is set shorter than 
delay time Tb of delay circuit 160b. Delay time Ta of delay 
circuit 160a is set to such a time width that an invalid data 
signal is prevented from appearing on node N2 in reading 
out a data signal of an L level. Delay time Ta of delay circuit 
160a is set to a maximum value, for example, of a specifi 
cation value of the time required from a change of a column 
address signal to a fall of column address strobe signal 
ZCAS to an L level. Therefore, transmission of an invalid 
data signal to node N2 can be prevented. The operation of 
the circuit of FIG. 36 will be described with reference to the 
operation waveform diagram of FIG. 37 for the case where 
a data output signal Q of an H level is provided. 
0349. In this case, internal readout data signal ZDD 
attains an L level (internal readout data signal ZDD is 
precharged to an L level during standby or prior to a data 
readout operation). Under this state, when output permission 
signal OEM rises to an H level, AND gate 3 provides a 
signal of an H level on node N1. In response to a rise of the 
potential of node N1, drive transistor 1a is turned on. The 
current driving capability of drive transistor 1a is set to a 
relatively low level. As a result, output node 6 is discharged 
gently via drive transistor 1 a. 
0350. At an elapse of a delay time Ta of delay circuit 
160a, the output of delay circuit 160a is pulled up to an H 
level, and the output of AND circuit 90a is driven to an H 
level. As a result, drive transistor 1a is turned on. Drive 
transistor 1b has its current driving capability set to a 
sufficient high level. Therefore, output node 6 is charged at 
high speed by drive transistor 1b, so that the potential 
thereof rises speedily. 
0351. An operation in the case where an invalid data 
signal is output during an L data output will be described 
with reference to FIG. 38. First, output permission signal 
OEM is pulled up to an H level, while internal readout data 
signal ZDD is at an L level and the output of inverter circuit 
5 is at an H level. In response to a rise of output permission 
signal OEM, AND circuit 3 provides a signal of an H level 
to node N1. In response to a rise of the signal potential on 
node N1, drive transistor 1a of a low current driving 
capability is turned on, whereby the potential of output node 
6 is gently increased. 
0352. Then, a valid data signal is transmitted, and internal 
readout data signal ZDD is pulled up to an H level. AND 
circuit 3 provides an output of an L level, whereby drive 
transistor 1a is turned off. In response to internal readout 
data signal ZDD of an H level, AND circuit 4 provides a 
signal of an H level to node N2, whereby drive transistor 2a 
of a low current driving capability is turned on. As a result, 
the increased potential of output node 6 is gently discharged 
towards the level of the ground potential. 
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0353 At an elapse of a delay time Tb of delay circuit 
160b, the output of delay circuit 160b attains an H level 
(potential of node N30b), and AND circuit 90b provides a 
signal of an H level to node N31b. As a result, drive 
transistor 2b of a great current driving capability is turned 
on, whereby output node 6 is discharged to the level of 
ground potential at high speed. 

0354) Even in the case where an invalid data signal is 
output, drive transistor 1a of a low current driving capability 
is first turned on to charge output node 6. The potential 
increase of output node 6 is Small since the current driving 
capability of drive transistor 1a is low. Therefore, the 
potential of output node 6 can be set to a sufficient low level 
to effectively prevent generation of ringing. 
0355 Drive transistor 1b of a great current driving capa 
bility maintains an off state since the potential level of node 
N31a is fixed to an L level. This is because the potential of 
node N1 already attains an L level at the transition of the 
output delay circuit 160a to an H level. 
0356. The operation in the case where an invalid data 
signal is not output will be described with reference to FIG. 
39, wherein internal readout data signal ZDD rises to an H 
level, and therefore the potential of node N1 is fixed to an 
L level. 

0357 When output permission signal OEM rises to an H 
level, the potential of node N2 is pulled up to an H level via 
AND circuit 4. At an elapse of a predetermined time Ta, the 
output of delay circuit 160a is pulled up to an H level. 
However, since the potential of node N1 attains an L level, 
the output of AND circuit 90a is pulled down to an L level, 
and drive transistors 1b and 1a maintain an OFF state. 

0358 In response to a rise of the potential of node N2, 
drive transistor 2a is turned on, whereby output node 6 is 
discharged gently. Then, when the output of delay circuit 
160b is pulled up to an H level, the potential of node N31b 
is driven to an H level via AND circuit 90b, whereby drive 
transistor 2b is turned on. As a result, output node 6 is 
discharged to the level of ground potential at high speed. 
When drive transistor 2b is turned on, the potential of output 
node 6 is already set to a sufficiently low level by drive 
transistor 2a. Therefore, an output signal can be generated 
stably with no generation of ringing. 

0359. In the structure shown in FIG. 36, the difference in 
the current driving capability of drive transistors 1a and 1b 
can be realized by selecting the size or the gate width, or the 
ratio of the gate width to the gate length of these transistors 
appropriately. Furthermore, a structure may be employed in 
which a voltage of the level of power supply voltage Vcc is 
applied to the gate of drive transistor 1a, and a boosted 
power Supply Voltage is applied to the gate of drive transistor 
1b. The adjustment of the gate voltage of drive transistors 1 a 
and 1b can be combined with the adjustment of the size. The 
structure of differentiating the gate Voltages may be applied 
to drive transistors 2a and 2b discharging output node 6 to 
the level of the ground potential. 

0360 Similar to the prior modification 5, a structure may 
be employed in which output permission signal OEM is 
applied to AND circuit 3 via a delay circuit as in the output 
circuit of FIG. 36. In this case, the rising time of the potential 
of node N can be delayed, and the time period of an invalid 
data signal output can be reduced. 
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0361 Therefore, the potential amplitude of output node 6 
can further be reduced. 

0362 By providing a circuit configuration similar to that 
shown in FIG. 36 for a drive transistor increasing the 
potential of output node 6, increase in the potential ampli 
tude of output node 6 can be prevented when an invalid data 
signal attains an L level and a valid data signal attains an H 
level. 

0363 Modification 7 
0364 Referring to FIG. 40 showing a structure of an 
output circuit of a seventh modification, an output circuit 
includes an inverter circuit 5 for inverting readout internal 
data signal ZDD, an AND circuit 4 for receiving output 
designating signal DOT, output permission signal OEM and 
an output of inverter circuit 5, a drive transistor 1 rendered 
conductive in response to an output of AND circuit 3 for 
charging output node 6 to the level of power Supply potential 
Vcc, an AND circuit 4 for receiving output permission signal 
OEM and internal readout data signal ZDD, and a drive 
transistor 2a of a relatively low current driving capability 
and rendered conductive in response to an output of AND 
circuit 4 for discharging output node 6 to the level of ground 
potential. 

0365. The output circuit further includes a delay circuit 
160 for delaying an output of AND circuit 4 (potential of 
node N2) for a predetermined time period, and an AND 
circuit 90 for receiving an output of delay circuit 160 and a 
signal of node N2. The output of AND circuit 90 is provided 
to the gate of drive transistor 2b of a great current driving 
capability. The operation of the output circuit of FIG. 40 will 
be described with reference to the operation waveform 
diagram of FIG. 41. 

0366 First, an operation in the case where an invalid 
output data signal attains an H level, and a valid data signal 
attains an L level will be described. In this case, prior to a 
fall of output designating signal DOT, output permission 
signal OEM is pulled up to an H level. Internal readout data 
signal ZDD on internal data bus line 915b attains an L level, 
and the output of inverter circuit 5 attains an H level. 
Therefore, in response to a rise of output permission signal 
OEM, AND circuit 3 provides a signal of an H level on node 
N1. In response to a rise of the potential on node N1, drive 
transistor 1 is turned on. The output of AND circuit 4 
(potential of node N2) is at an L level, and drive transistors 
2a and 2b are turned off. Therefore, output node 6 is charged 
via drive transistor 1 to have the potential thereof increased. 
0367 The fall of output designating signal DOT causes 
the potential of node N to be pulled down to an L level, 
whereby drive transistor 1 is turned off. Then, in response to 
a fall of output designating signal DOT, a valid data signal 
ZDD of an H level is transmitted on internal data bus line 
915b, and a signal of an L level is provided from inverter 
circuit 5 to node N90. As a result, the output of AND circuit 
3 currently providing data ZDD, i.e. the potential of node 
N1, is fixed at an L level. 

0368 When internal readout data signal ZDD attains an 
H level, AND circuit 4 provides a signal of an H signal on 
node N2, whereby drive transistor 2a is turned on. As a 
result, output node 6 is discharged gently, so that the 
potential thereof is gradually reduced. 
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0369. At an elapse of a predetermined time, the output of 
delay 150 attains an H level, and a signal of an H level is 
provided by AND circuit 90 onto node N31. As a result, 
drive transistor 2b is turned on, whereby the potential of 
output node 6 is discharged to the level of ground potential 
at high speed. 

0370 According to the structure shown in FIG. 40, the 
ON time period of drive transistor 1 for discharging output 
node 6 is extremely short even when an invalid data signal 
is output. Therefore, the potential amplitude of output node 
6 can be made small. Furthermore, output of invalid data can 
be completely prevented in the case where output permis 
sion signal OEM attains an H level following an L period of 
output designating signal DOT. When an invalid data signal 
of an H level is output, internal readout data signal ZDD is 
fixed at an L level as shown by the broken line in FIG. 41. 
In this case, the output of inverter circuit 5 is at an H level, 
and the potential of node N1 is driven to an H level in 
response to a rise of output designating signal DOT to an H 
level. In contrast, the output of AND circuit 4 maintains an 
L level, and drive transistors 2a and 2b maintain an off state. 
Therefore, output node 6 is charged to the level of power 
supply potential Vcc via drive transistor 1. In other words, 
when a valid output data signal attains an H level, drive 
transistor 1 is turned on in response to a rise of output 
permission signal OEM, and then turned off in response to 
a transition of output designating signal DOT to an L level. 
Then, when output designating signal DOT attains an H 
level again, drive transistor 1 is turned on again. 
0371. An operation in the case where an invalid data 
signal is not output in reading out an L output data will be 
described with reference to FIG. 42. Output designating 
signal DOT first falls to an L level. Under this state, internal 
readout data signal ZDD is at an L level, and the output of 
inverter circuit 5 (potential of node N90) is at an H level. 
The potential of node N1 is at an L level since output 
permission signal OEM is at an L level. 

0372. At an elapse of a predetermined time period from 
the fall of output designating signal DOT to an L level, a 
valid data signal is transmitted to internal data bus line 915b, 
whereby internal readout data signal ZDD is pulled up to an 
H level. As a result, the potential of node N90 is pulled down 
to an L level, and the potential of node N1 is fixed to an L 
level during the reading out time period of internal readout 
data signal ZDD. The potential of node N2 is still at an L 
level since output permission signal OEM is at an L level. In 
response to output permission signal OEM pulled up to an 
H level, the potential of node N2 is pulled up to an H level 
via AND circuit 4. As a result, drive transistor 2a is turned 
on, whereby output node 6 is driven to the level of ground 
potential gently. Then, at an elapse of a predetermined time 
period, the output of delay circuit 160 attains an H level, and 
the output of AND circuit 90 attains an H level. Respon 
sively, drive transistor 2b is turned on, whereby output node 
6 is discharged to the level of ground potential at high speed. 
The potential of output node 6 is already reduced to a 
sufficient low level when drive transistor 2b is turned, so that 
an output signal can be output stably with no generation of 
ringing. 

0373) In the structure of FIG. 40, a one shot pulse signal 
generated in response to column address transition detection 
signal (pATD and attaining an L level at a timing earlier than 
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that of output designating signal DOT may be used instead 
of output designating signal DOT. This can be realized by 
employing an appropriate delay circuit in one shot pulse 
generation circuit 50 of FIG. 5. By using such a signal, the 
pulse width of a one shot pulse signal generated in response 
to the rise of output permission signal OEM can further be 
reduced according to the operation waveform diagram of 
FIG. 41. Furthermore, the output time period of an invalid 
data signal output of an H level can be reduced. Also, the 
potential amplitude of output node 6 can further be reduced. 
0374. By providing a signal falling to an L level from an 
H level at a timing earlier than the transition of output 
permission signal OEM to an H level from an L level to 
AND circuit 3 in response to column address transition 
detection signal (pATD, generation of an invalid data signal 
at node N1 can be prevented. This is implemented by using 
a circuit in which a one shot pulse signal of an L level of a 
predetermined time width is generated in response to a fall 
of the potential of output node N14 of a latch circuit in the 
structure of FIG. 5. Such a signal generation circuit may 
employ an AND circuit receiving a signal on node N14 and 
output designating signal DOT. By using Such a structure, 
the output of an invalid data signal onto node N1 can be 
prevented. 
0375. In FIG. 40, a structure may be employed in which 
output permission signal OEM is applied to AND circuit 3 
via a delay circuit. In this case, the potential amplitude of 
output node 6 can be reduced by reducing the time period of 
an invalid data signal output at node N1. By setting an 
appropriate delay time of this delay circuit, generation of an 
invalid data signal in node N1 can be reliably prevented. 
0376 Modification 8 
0377 FIG. 43 shows an eighth modification of the output 
circuit. Referring to FIG. 43, three drive transistors 2a, 2b 
and 2c are parallely provided for discharging output node 6. 
Drive transistors 2a, 2b and 2c have gate widths W made 
sequentially greater in this order. In other words, the current 
driving capabilities of drive transistors 2a, 2b and 2C are 
differentiated from each other. An output of AND circuit 90a 
is provided to the gate of drive transistor 2b. AND circuit 
90a receives the potential on node N2 and an output of delay 
circuit 160a. 

0378 Delay circuit 160a delays the potential signal of 
node N2 for a predetermined time period. The output of 
delay circuit 160a is further delayed by delay circuit 160b. 
An output of AND circuit 90b is provided to the gate of drive 
transistor 2c. AND circuit 90b receives a signal on node N2 
and an output of delay circuit 160b. 
0379 According to the structure of the output circuit of 
FIG. 43, the drive of the potential of node N2 to an H level 
causes drive transistor 2a to be turned on, whereby output 
node 6 is discharged gently. At an elapse of a predetermined 
time period, the output of AND circuit 90a attains an H 
level, whereby drive transistor 2b is turned on. As a result, 
output node 6 is discharged to the level of ground potential. 
0380 At a further elapse of a predetermined time period, 
the output of delay circuit 160b is pulled up to an H level. 
In response to an output of AND circuit 90b, drive transistor 
2c is turned on, whereby output node 6 is discharged to the 
level of ground potential at high speed. By providing three 
drive transistors for discharging output node 6 which are 
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turned on at different timings, an output signal can be 
generated stably with no generation of ringing. The structure 
of the output circuit of FIG. 43 can be utilized in combina 
tion with any of the first to third embodiments. 
0381 Modification 9 
0382 FIG. 44 shows a ninth modification of the fourth 
embodiment. Referring to FIG. 44, a structure of a gate 
circuit 90 is shown for directly driving drive transistor 2b for 
discharging output node 6 to the level of ground potential. 
Gate circuit 90 can be used in various embodiments and 
modifications. FIG. 44 shows a basic circuit configuration as 
an output circuit. 
0383) In FIG. 44, drive transistor 2a is driven by NAND 
circuit 4a and inverter circuit 4b. NAND circuit 4a receives 
output permission signal OEM and internal readout data 
signal ZDD. Inverter circuit 4b receives an output of NAND 
circuit 4a for transmitting a signal of a logic corresponding 
to internal readout data signal ZDD onto node N2. 
0384 The output circuit further includes a delay circuit 
171a for delaying an output of NAND circuit 4a for a 
predetermined time period, a delay circuit 171b for delaying 
an output of delay circuit 171a, and a gate circuit 90 for 
driving drive transistor 2b according to an output of NAND 
circuit 4a and outputs of delay circuits 171a and 171b. Gate 
circuit 90 corresponds to AND circuits 90a and 90b of FIG. 
43. 

0385) Gate circuit 90 includes p channel MOS transistors 
172, 173 and 174 connected in parallel between a power 
supply potential node and internal node 177. Outputs of 
NAND circuit 4a, delay circuit 171a, and delay circuit 171b 
are provided to the gates of transistors 172, 173 and 174, 
respectively. 

0386 Gate circuit 90 further includes an inverter circuit 
provided between internal node 177 and a ground potential. 
This inverter circuit includes a p channel MOS transistor 
175 provided between output node N31 and internal node 
177, and receiving an output of NAND circuit 4a at its gate, 
and an in channel MOS transistor 176 provided between 
output node N31 and the ground potential node and receiv 
ing an output of NAND circuit 4a at its gate. The operation 
of gate circuit 90 will now be described. 
0387 When the potential of node N2 attains an L level, 
NAND circuit 4a provides a signal of an H level. Under this 
state, all transistors 172-175 attain an off state, and transistor 
176 is ON. Therefore, output node N31 attains an L level. 
0388. When the output of NAND circuit 4a attains an L 
level, the potential of node N2 attains an H level, whereby 
drive transistor 2a is turned on. Therefore, output node 6 is 
discharged gently by drive transistor 2a. Under this state, a 
fall of the output of NAND circuit 4a to an L level turns on 
transistors 172 and 175, and turns off transistor 176b. 
Therefore, output node N31 is charged gently via transistors 
172 and 175, to have the potential risen gently. As a result, 
the driving capability of drive transistor 2b increases 
slightly. 

0389. Then, when the output of delay circuit 171a attains 
an L level, transistor 173 is turned on, and node N31 is 
charged via transistors 172,173 and 175 to have the poten 
tial thereof increased slightly. The driving capability of drive 
transistor 2b is further slightly increased. 
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0390 At an elapse of a predetermined time period, the 
output of delay circuit 171b attains an L level, and transistor 
174 is turned on. As a result, current flows to transistor 175 
via transistors 172-174, whereby the potential of node N31 
is driven at a high speed. The current driving capability of 
drive transistor 2b is increased rapidly. 
0391) An effect similar to that of the previous embodi 
ments and modifications can be obtained without using a 
delay circuit by differentiating the rising speed of the output 
potential of gate circuit 90 over a time period to vary the 
current driving capability of drive transistor 2b over the time 
period. As shown in FIG. 44, the current changing rate with 
respect to time that generates ringing at output node 6, i.e. 
di/dt can be reduced even when the current driving capa 
bility of drive transistor 2b is increased over time. Therefore, 
generation of ringing can be reliably prevented. 

Embodiment 5 

0392. In a semiconductor device, an upper limit value 
Vcmx and a lower limit value Vcmn are set for power supply 
Voltage Vcc in order to guarantee a stable operation. In the 
case of an operating power Supply Voltage Vcc of 5 V, for 
example, the upper limit value Vcmx is set to 5.5 V, and the 
lower limit value Vcmn is set to 4.5 V in the specification. 
A variation of power Supply Voltage Vcc in the range of 
+10% of the rated value of power supply voltage Vcc is 
allowed. 

0393 Similarly, an upper limit value Tamx and a lower 
limit value Tamn are set with respect to operating tempera 
ture Ta. The range of 0 to 70° C. is defined in the specifi 
cation as a range of operating temperature Ta. 

0394. In a circuit with MOS transistors as the compo 
nents, the operating speed is increased as power Supply 
Voltage Vcc is increased. The current driving capability of a 
MOS transistor is determined by the gate voltage (gate 
Source Voltage difference). This is because the gate-source 
potential difference is determined by power Supply Voltage 
Vcc. 

0395. In a circuit with MOS transistors as the compo 
nents, the operating speed is also increased as the operating 
temperature Ta is lowered. This is since a higher operating 
temperature causes a greater resistance in the diffusion 
region and the threshold Voltage is increased due to influ 
ence of hot electrons, so that a current driving capability is 
reduced. 

0396 A typical example demonstrating such circuit char 
acteristics can be found in a phenomenon that access time ta 
becomes shorter in proportion to power Supply Voltage Vcc 
and becomes longer in proportion to an operating tempera 
ture in a semiconductor memory device. 
0397 A structure reliably preventing generation of ring 
ing independent of variation in power Supply Voltage Vcc 
and operating temperature Ta will be described. 

0398 FIGS. 45A and 45B show the characteristics of a 
first control voltage used in the present fifth embodiment. A 
first control voltage VN increases in proportion to an ambi 
ent temperature T as shown in FIG. 45A. In other words, first 
control voltage VN has a positive temperature coefficient. 
Furthermore, first control voltage VN is reduced in propor 
tion to a power supply voltage Vcc as shown in FIG. 45B. 
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In other words, first control voltage VN has a negative 
dependency on power Supply Voltage Vcc. 

0399 FIGS. 46A and 46B show the temperature and 
power Supply Voltage dependency characteristics of a sec 
ond control voltage used in the present fifth embodiment. As 
shown in FIG. 46A, second control voltage VP is lowered in 
proportion to an ambient temperature T. In other words, 
second control Voltage VP has a negative temperature coef 
ficient. Furthermore, as shown in FIG. 46B, second control 
Voltage VP increases in proportion to a power Supply Voltage 
Vcc. In other words, second control voltage VP has a 
positive dependency on power Supply Voltage Vcc. The 
delay time of a delay stage is adjusted using first and second 
control Voltages VN and VP having opposing temperature 
and power Supply Voltage dependency characteristics. 

04.00 FIG. 47A shows a first structure of an inverter 
circuit forming a delay stage used in the present fifth 
embodiment. Referring to FIG. 47A, an inverter circuit 
forming a delay stage includes p channel MOS transistors 
201 and 202 connected in series between a supply node of 
power Supply Voltage Vcc and output node 205, and an in 
channel MOS transistor 203 provided between output node 
205 and the ground potential node. Second control voltage 
VP is applied to the gate of p channel MOS transistor 201. 
MOS transistors 202 and 203 both have their gates con 
nected to input node 204. The operation characteristics of 
the inverter circuit of FIG. 47A will be described with 
reference to FIG. 47B. 

0401 When power supply voltage Vcc approaches the 
lower limit value Vcmn or when operating temperature T 
approaches the upper limit temperature TamX, second con 
trol voltage VP is reduced. Therefore, the current driving 
capability of p channel MOS transistor 201 is made greater 
than the case under the condition of upper limit value Vcmx 
of power supply voltage Vcc and lower limit value Tamn of 
operating temperature T. 

0402. When an input signal IN applied to input node 204 
attains a low level, MOS transistor 202 is turned on, and 
MOS transistor 203 is turned off. Output node 205 is charged 
to the level of power supply voltage Vcc via transistors 201 
and 202. Second control voltage VP is set to a value 
Sufficiently lower than power Supply voltage Vcc, so that 
transistor 201 can pass through power Supply Voltage Vcc. 
An optimum value of second control voltage VP is deter 
mined according to the actual operating characteristics of the 
device. 

0403. When power supply voltage Vcc is near the lower 
limit value Vcmn or operating temperature T is near the 
upper limit value Tamx, output node 205 is pulled up to a 
high level at a high speed (shown in a broken line in FIG. 
47B). 
0404 When input signal IN attains a high level, MOS 
transistor 203 is turned on, whereby output node 205 is 
discharged to the level of the ground potential. The dis 
charging rate of output node 205 is determined by the 
current driving capability of transistor 203. More specifi 
cally, when a delay stage is formed using an inverter circuit 
shown in FIG. 47A, the time required for transmitting a 
signal of a low level becomes longer with power Supply 
Voltage Vcc at the upper limit value and ambient tempera 
ture T at the lower value. 
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04.05) Another structure and operation characteristics 
thereof of an inverter circuit forming a delay stage will be 
described with reference to FIGS. 48A and 48B. Referring 
to FIG. 48A, an inverter circuit 210 includes a p channel 
MOS transistor 211 provided between a power supply 
potential node and output node 215, and n channel MOS 
transistors 212 and 213 provided in series between output 
node 215 and a ground potential node. Input signal IN is 
applied via input node 214 to the gates of MOS transistors 
211 and 212. First control voltage VN is applied to the gate 
of MOS transistor 213. The operation characteristics of the 
inverter circuit shown in FIG. 48A will be described with 
reference to FIG. 48B. 

0406 First control voltage VN has a negative depen 
dency on power Supply potential Vcc and a positive tem 
perature coefficient. When input signal IN attains a high 
level, MOS transistor 212 is turned on. When power supply 
potential Vcc is near an upper limit value Vmx or ambient 
temperature T is near a lower limit value Tamn, first control 
voltage VN is reduced. Therefore, in this state, the current 
driving capability of MOS transistor 213 is made low. First 
control voltage VN is set to a value sufficiently higher than 
the threshold voltage of MOS transistor 213. Therefore, 
output node 215 is discharged in a more gentle manner when 
power Supply Voltage Vcc takes a high value or when 
ambient temperature T takes a low value than the otherwise 
case. More specifically, when a signal of a high level is 
transmitted to a delay stage formed of an inverter circuit 
shown in FIG. 48A, the propagation time is increased when 
power Supply potential Vcc takes a value close to upper limit 
value Vmx or when ambient temperature T takes a value 
close to lower limit value Tamn in comparison with the 
opposite case. 

04.07 FIGS. 49A and 49B show a structure and the 
operating characteristics of an inverter circuit forming a 
delay stage according to another structure in the present fifth 
embodiment. Referring to FIG. 49A, an inverter circuit 220 
includes p channel MOS transistors 221 and 222 connected 
in series between output node 226 and the power supply 
potential node, and n channel MOS transistors 223 and 224 
connected in series between output node 226 and the ground 
potential node. MOS transistors 222 and 223 have their gates 
connected together to input node 225 to receive an input 
signal IN. Second control voltage VP is applied to the gate 
of MOS transistor 221. First control voltage VN is applied 
to the gate of MOS transistor 224. The operation of the 
inverter circuit of FIG. 49 will be described with reference 
to FIG 49B. 

0408 Inverter circuit 220 of FIG. 49A has a structure of 
a combination of inverter circuits 200 and 210 shown in 
FIGS. 47A and 48A. Therefore, when a signal of a high level 
is applied to input node 225, output node 226 is discharged 
at a speed higher than that when power Supply potential Vcc 
is low or when ambient temperature T is high in comparison 
with the opposite case. Therefore, when a delay stage is 
formed using an inverter circuit shown in FIG. 49A, the 
propagation delay time with respect to a signal of a high or 
low level is increased when power supply voltage Vcc 
approximates the upper limit value or when ambient tem 
perature T approximates the lower limit value. 
04.09. By forming a delay stage using the above-de 
scribed inverter circuit, an output circuit Q can be generated 
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stably with no variation in the access time and with no 
ringing independent of variation in power Supply Voltage 
Vcc and ambient temperature T. 
0410 FIG.50A shows an application of the delay stage 
of the fifth embodiment. In FIG. 50A, a delay stage is 
additionally provided the circuit for generating output per 
mission signal OEM shown in FIG. 5. Delay stage 230 
includes cascaded inverters 231, 232, 233 of three stages for 
delaying and inverting a delayed signal ZCASE of an 
internal column address strobe signal. The output of delay 
stage 230 is provided to flipflop 56. When the output of 
delay stage 230 attains a high level, output permission signal 
OEM from inverter circuit 58 is pulled up to a high level. 
Delay stage 230 corresponds to inverter circuit 54 shown in 
FIG. 5. Delay stage 230 includes three cascaded inverter 
circuits 231, 232, and 233. As inverter circuits 231-233 in 
delay stage 230, inverter circuit 220 shown in FIG. 49A or 
inverter circuits 200 and 210 shown in FIGS. 47A and 48A 
are connected alternately. Generation of output permission 
signal OEM is triggered by a fall of signal ZCASE. There 
fore, inverter circuits 200, 210 and 200 are provided in 
sequence as inverter circuits 231, 232 and 233 included in 
delay stage 230. When inverter circuit 220 shown in FIG. 
49A is to be used, inverter circuits 231-233 are all formed of 
inverter circuit 220. 

0411] The operation of the circuit shown in FIG.50A will 
be described with reference to FIG. 50B. 

0412. In response to output designating signal DOT 
attaining a low level, a valid data ZDD is provided. A case 
is considered where output permission signal OEM is pulled 
up to a high level prior to a fall of output designating signal 
DOT. This state corresponds to the state where an invalid 
data signal is output. When power Supply Voltage Vcc takes 
a value close to lower limit value Vcmn or ambient tem 
perature T takes a high value in delay stage 230, the delay 
time thereof is reduced. Therefore, output permission signal 
OEM is brought up to a high level more speedily than the 
case where power Supply Voltage Vcc takes a value near the 
upper limit value Vcmx or ambient temperature T takes a 
value near lower limit value Tamn. Therefore, when power 
Supply Voltage Vcc is high or when ambient temperature T 
is low, the time period of an invalid data signal provided 
from the output node is “reduced. When power supply 
Voltage Vcc takes a value near upper limit value VmX or 
ambient temperature T takes a value near lower limit value 
Tamn, the driving capability of the MOS transistor is 
increased. Therefore, the swing width of a voltage at the 
output node can be reduced to a sufficient level by “delay 
ing the ON time of the MOS transistor driving the output 
node when the current driving capability of the MOS 
transistor is great at the time of output of this invalid data 
signal. Thus, generation of ringing can be reliably prevented. 
0413 Similarly, generation of ringing can be prevented to 
provide an output data signal stably even in the case where 
valid data ZDD is varied following the drive of output 
permission signal OEM to an H level after output designat 
ing signal DOT attains an L level. 
0414. When power supply voltage Vcc takes a value near 
the lower limit value V cm or ambient temperature T takes 
a high temperature, the ON timing of the MOS transistor 
driving the output node is “advanced'. However, since the 
current driving capability of the MOS transistor driving the 
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output node is low, the swing width of the voltage at the 
output node is not so great, so that generation of ringing can 
be reliably prevented. Furthermore, when an invalid data 
signal is not output and a valid data signal is output (when 
signal OEM is pulled up to an H level after the transition of 
signal DOT to a high level), increase in the access time can 
be reliably prevented since the on timing of the MOS 
transistor driving the output node is “advanced when the 
driving capability thereof is low. Since the delay time is 
adjusted according to the operating conditions, the charging/ 
discharging rate of the output node can be set to a constant 
level independent of the operating conditions. 
0415 FIG. 51A shows another application of the delay 
stage according to the fifth embodiment of the present 
invention. As shown in FIG. 51A, inverter circuits 241 and 
242 of the fifth embodiment of the present invention are 
provided for delay circuit 161 in the output driving circuit of 
FIG. 34. The remaining structure is similar to that shown in 
FIG. 34. Inverter circuits 241 and 242 utilize inverter circuit 
240 shown in FIG. 49A or inverter circuits 200 and 210 
shown in FIGS. 47A and 48A. In order to delay the rise of 
output permission signal OEM to a high level, inverter 
circuit 210 shown in FIG. 48A is used as inverter circuit 241 
of the first stage, and inverter circuit 200 of FIG. 47A is used 
as inverter circuit 242 of the next stage. The operation of the 
output circuit in FIG. 51A will be described with reference 
to FIG 51B. 

0416) The operation mode of valid data signal ZDD 
rising to an H level following the transition of output 
permission signal OEM to an H level is considered. This is 
a mode where an invalid data signal is output. In response 
to a rise of output permission signal OEM to an H level, the 
output of delay circuit 161 is pulled up, which in turn drives 
the potential of node 243 to a high level. The delay time of 
delay circuit 161 is reduced when power supply voltage Vcc 
takes a value near lower limit value Vcmn or when ambient 
temperature T takes a value near upper limit value TamX. 
Therefore, the potential of node 243 is increased speedily 
when the driving capability of MOS transistor 2 is reduced. 
Since the current driving capability of MOS transistor 1 is 
set to a low value, output node 6 is increased gently 
according to an invalid data signal. Then, a valid data signal 
is transmitted, and internal readout data signal ZDD is pulled 
up to an H level to turn off MOS transistor 1. Although the 
time period TB of the output of this invalid data signal is 
appreciable, the increase of the potential amplitude of output 
node 6 is relatively low since the operating condition is such 
that the current driving capability of MOS transistor 1 is 
made low. Therefore, even when drive transistor 2 is turned 
on, an output data signal can be generated stably with no 
ringing. 

0417. In contrast, in the case of an operating condition 
where the current driving capability of each of MOS tran 
sistors 1 and 2 is increased, the delay time of delay circuit 
161 is increased. More specifically, the delay time of delay 
circuit 161 is increased when power supply voltage Vcc 
takes a value approximate to upper limit value VcmX or 
ambient temperature T takes a value approximate to lower 
limit value Tamx, so that MOS transistor 1 is turned on at a 
later timing. Therefore, even when the current driving capa 
bility of MOS transistor 1 is great, the time period of an on 
state thereof is short, so that the potential increase of output 
node 6 is small. Therefore, even when MOS transistor 2 is 
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turned on in response to a transmission of a Subsequent valid 
data signal, the potential of output node 6 is Sufficiently low, 
so that generation of ringing can be prevented reliably. 
0418 When a valid data signal is output, the potential of 
node 243 is always at the low level, and MOS transistor 1 
maintains the off state. 

0419. As described above, the potential amplitude of 
output node 6 can be set Small regardless of the operating 
condition. Degradation in the access time can be prevented 
reliably regardless of the operating condition, with to 
ensured Suppression of generation of ringing. 
0420 FIG. 52A shows another application of a delay 
circuit according to the fifth embodiment of the present 
invention. The output control circuit of FIG. 52A includes a 
structure similar to that of FIG. 36. In FIG. 52A, the inverter 
circuits shown in the previous FIGS. 47-49 are applied to 
inverter circuits 251-254 in delay circuit 160a. More spe 
cifically, in delay circuit 160a, the delay time is increased in 
an operation condition where the driving capability of the 
MOS transistor is great. The remaining structure is similar to 
that of the output control circuit of FIG. 36. Then, the output 
of the output control circuit of FIG. 52A will be described 
with reference to FIG. 52B. 

0421 First, output permission signal OEM is pulled to a 
high level. Here, internal readout data signal ZDD still 
remains at a low level. This is an operation mode in which 
an invalid data signal is output. In response to a rise of 
output permission signal OEM, the potential of node N1 is 
driven to a high level, whereby drive transistor 1a of a low 
current driving capability is turned on. Therefore, output 
node 6 is charged gently. 
0422 Then, the output of delay circuit 160a is pulled up 
to a high level. In response, the output of AND circuit 90a 
is driven to a high level, to turn on drive transistor 1b via 
node N31a. When the output of delay circuit 160a attains a 
high level, the on-timing is delayed when power Supply 
Voltage Vcc takes a value approximate to upper limit value 
VcmX or when ambient temperature T takes a value approxi 
mate to lower limit value Tamn than in the opposite case. 
Therefore, the on timing of drive transistor 1b of a great 
current driving capability is delayed in an operating envi 
ronment where the current driving capability of an MOS 
transistor is increased. Therefore, increase in the potential of 
output node 6 can be suppressed reliably, and the potential 
amplitude of output node 6 can be reduced to suppress 
generation of ringing. By setting the delay time of delay 
circuit 160a at an appropriate value, the time of drive 
transistor 1b turned on can be set to substantially 0 in an 
operating environment where the current driving capability 
of the MOS transistor is increased. 

0423. When only a valid data signal is output, the poten 
tial of node N1 attains a low level, and drive transistors 1a 
and 1b are not turned on. Therefore, generation of ringing 
can be reliably prevented regardless of the operating envi 
rOnment. 

0424 FIG. 53A shows an application of an inverter 
circuit of the fifth embodiment according to another struc 
ture. Referring to FIG. 53A, inverter circuits 261-264 of the 
fourth embodiment are used for delay circuit 12 to drive 
drive transistor 2b in order to discharge output node 6 to the 
level of the ground potential. The delay time of delay circuit 
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12 is reduced when power Supply Voltage Vcc takes a value 
approximate to lower limit value Vcmn or ambient tempera 
ture T takes a value approximate to upper limit value TamX. 
The remaining structure is similar to the structure of the 
output control circuit shown in FIGS. 7 and 8. The operation 
of the output control circuit of FIG. 53A will be described 
with reference to FIG. 53B. 

0425 First, output permission signal OEM is pulled up to 
a high level. Then, internal readout data signal ZDD is 
pulled up to a high level. As a result, the potential of node 
N2 is driven to a high level, and then the output of delay 
circuit 12 is pulled up to a high level. In response to a rise 
of the output of delay circuit 12, drive transistor 2b of a great 
current driving capability is turned on via AND circuit 8. 
Delay circuit 12 has the delay time increased in an operating 
environment where the current driving capability of the 
MOS transistor is great. Therefore, in an operating environ 
ment where the current driving capability of drive transistor 
2b is great, the on-timing of drive transistor 26 is delayed, 
so that it is turned on after the potential of output node 6 is 
reduced to a subsequent low level by drive transistor 2a. 
Therefore, even when output node 6 is discharged to the 
level of ground potential with a great current driving capa 
bility, no ringing is generated, and an output data signal Q 
is obtained. 

0426 In an operating environment where the current 
driving capability of the MOS transistor is small, the on 
timing of drive transistor 2b is increased. In this case, since 
the current driving capability of drive transistor 2b is made 
relatively low, the potential of output node 6 is not dis 
charged so speedily, even when the transistor is turned on at 
a relatively early timing. Therefore, an output data signal Q 
can be obtained stably with no generation of ringing. 

0427. In an operating environment where the current 
driving capabilities of MOS transistors 2a and 2b are made 
low, the on timing of drive transistor 2b is advanced. 
Therefore, the potential of data signal Q of a low level 
provided from output node 6 is ascertained at a relatively 
high speed. Therefore, the access time will not be increased 
even when the operating environment (operating condition) 
is degraded. Therefore, an output data signal can be output 
stably at high speed. 

0428. When an invalid data signal is not output, internal 
readout data signal ZDD is pulled up to a high level prior to 
output permission signal OEM. In this case, only the poten 
tial of node N2 rises to high level in response to the rise of 
output permission signal OEM to a high level, and the 
change in the delay time of delay circuit 12 is similar to that 
described above. Therefore, an output data signal can be 
provided stably and speedily even when only this valid data 
signal is output. 

0429. A structure for generating first and second control 
voltages will be described hereinbelow. 
0430 FIG. 54 shows a structure of a control voltage 
generation unit. Referring to FIG. 54, a control voltage 
generation unit includes a VREF1 generation circuit 250 for 
generating a constant reference Voltage VREF1 independent 
of the operating temperature and power Supply Voltage, a 
VREF2 generation circuit 251 for generating a reference 
Voltage VREF2 depending upon power Supply Voltage and 
ambient temperature (operating temperature), and differen 




































