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(57) ABSTRACT 

A resetting circuit includes ?rst and second transistors that 
respectively receive ?rst and second voltages through gates. 
The ratio W/L of the second transistor is larger than that of 
the ?rst transistor. The ?rst and second voltages rise in 
accordance With the rise of a supply voltage. The second 
voltage is loWer than the ?rst voltage. Since an increase in 
the current IDS of the ?rst transistor is greater than an 
increase in the current IDS of the second transistor, an 
inversion occurs betWeen the current IDSs of the ?rst and 
second transistors by applying a predetermined supply volt 
age. Since a reset signal is generated When the values of the 
currents IDS of the ?rst and second transistors cross, the 
reset signal can alWays be generated by the predetermined 
supply voltage, independent from the threshold voltage of 
the transistor. 
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RESETTING CIRCUIT AND SEMICONDUCTOR 
DEVICE HAVING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device having a resetting circuit. 

[0003] 2. Description of the Related Art 

[0004] Generally, a semiconductor device, such as a 
DRAM, includes a resetting circuit. When the poWer supply 
is turned on, the resetting circuit is operated to initialiZe an 
internal circuit, so that the semiconductor device is pre 
vented from malfunctioning. 

[0005] FIG. 1 shoWs an eXample of the resetting circuit 
implemented in the semiconductor device. 

[0006] The resetting circuit has an nMOS transistor 2, a 
voltage generating circuit 4, a load circuit 6, and a Waveform 
shaping circuit 8. The nMOS transistor 2 connects a gate 
electrode to a node ND01, connects a drain electrode to a 
node ND02, and connects a source electrode to a ground line 
VSS. The voltage generating circuit 4 is formed such that 
resistors RI and R2 are connected in series With each other 
With the node ND01 betWeen a poWer supply line VCC and 
the ground line VSS. The load circuit 6 is formed such that 
an end of the load circuit 6 is connected to the poWer supply 
line VCC, and the other end of the load circuit 6 is connected 
to a resistor R3 connected to the node ND02. The Waveform 
shaping circuit 8 is has tWo inverters that are connected in 
series. In the Waveform shaping circuit 8, its input is 
connected to the node ND02, and a reset signal RST is 
output from its output. 

[0007] This type of resetting circuit detects that a supply 
voltage VCC has risen to a predetermined value by utiliZing 
the threshold voltage of a transistor (in this eXample, the 
nMOS transistor 10), and inactivates the reset signal RST. 

[0008] FIG. 2 shoWs the operation of the resetting circuit 
mentioned above. When an external supply voltage VCC 
starts to be supplied to the semiconductor device, the level 
of the reset signal RST rises in accordance With the eXternal 
supply voltage VCC for a predetermined period of time, and 
then becomes loW (inactivated). After the supply voltage 
VCC reaches a predetermined value, the internal circuit that 
needs to be initialiZed in the semiconductor device is ini 
tialiZed during a period T1 during Which the reset signal 
RST is inactivated. When the reset signal RST is inactivated, 
the reset operation is completed, so that the internal circuit 
begins to perform a normal operation. 

[0009] Recently, the operating voltage of semiconductor 
devices has become loW, and, accordingly, a supply voltage 
VCC supplied from eXternal sources has become loW. The 
ratio of the threshold voltage of a transistor to the supply 
voltage VCC is high since the threshold voltage of the 
transistor has almost no dependence on the supply voltage 
VCC. As a result, the detection level of the supply voltage 
VCC of the resetting circuit greatly varies depending on a 
change in the threshold voltage, and the amount (T2 in FIG. 
2) of deviation in the inactivation timing of the reset signal 
RST With respect to a change in the threshold voltage 
becomes larger than that in the case Where the operating 
voltage is high. The threshold voltage of the transistor varies 
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With the manufacturing conditions, the position of a chip on 
a Wafer, and the position of the Wafer in a production lot, of 
the semiconductor device, or depends on the temperature 
When the semiconductor device is operating. 

[0010] For eXample, a reset period Ti is shortened if the 
inactivation timing of the reset signal RST deviates to an 
early-timing side. This case raises a fear that the internal 
circuit Will not be normally initialiZed. In the Worst case, a 
high-level period of the reset signal RST necessary to 
initialiZe the internal circuit Will disappear. On the other 
hand, if the inactivation timing of the reset signal RST 
deviates to a late-timing side, there is a fear that the reset 
signal RST Will not be inactivated (i.e., be alWays at a high 
level). 
[0011] There is a case in Which, for eXample, the afore 
mentioned voltage generating circuit 4 is formed of many 
resistors and fuses, in order to deal With the deviation of the 
threshold voltage of the transistor at the time a semiconduc 
tor device is manufactured. In this case, some of the resistors 
to be connected in series are selected by trimming the fuses, 
and a voltage generated in the node ND01 is adjusted 
according to a threshold voltage. HoWever, the thus con 
structed voltage generating circuit has a disadvantage in that 
the chip siZe increases because a large layout area is required 
for the resistors and the fuses. Additionally, manufacturing 
costs increase because a step to trim the fuses is required. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to generate a 
reset signal Which is not in?uenced by a change in the 
threshold voltage of a transistor. In other Words, the object 
is to reduce ?uctuations in the inactivation timings of reset 
signals generated by a resetting circuit. 

[0013] Another object of the present invention is to reli 
ably initialiZe an internal circuit of a semiconductor device 
by the reset signal, and thereby prevent malfunctioning of 
the semiconductor device. 

[0014] According to one of the aspects of the present 
invention, the resetting circuit includes a ?rst transistor that 
receives a ?rst voltage at a gate electrode and a second 
transistor that receives a second voltage at the gate electrode. 
The second transistor is formed such that the ratio W/L 
(transistor siZe) of a gate Width W to a channel length L is 
larger than the ratio W/L of the ?rst transistor. The ?rst 
voltage rises in accordance With the rise of a supply voltage. 
The second voltage rises in accordance With the rise of the 
supply voltage, and is loWer than the ?rst voltage. 

[0015] The gate voltage (accurately, gate-to-source volt 
age) of the second transistor is alWays loWer than the gate 
voltage of the ?rst transistor. The transistor siZe of the 
second transistor is larger than that of the ?rst transistor. 
Therefore, the drain-to-source current (i.e., subthreshold 
current) of the second transistor is larger than the drain-to 
source current of the ?rst transistor for a While after the 
supply voltage is applied (i.e., While the supply voltage is 
loW). 
[0016] Since the ?rst voltage is alWays higher than the 
second voltage, an increase in the drain-to-source current of 
the ?rst transistor is larger than an increase in the drain-to 
source current of the second transistor. In other Words, an 
inversion layer is formed in the ?rst transistor earlier than in 
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the second transistor. As a result, the drain-to-source current 
of the ?rst transistor is equalized With the drain-to-source 
current of the second transistor at a predetermined supply 
voltage, and thereafter the drain-to-source current of the ?rst 
transistor becomes larger than that of the second transistor. 
That is, an inversion occurs betWeen the drain-to-source 
currents of the ?rst and second transistors by the predeter 
mined supply voltage. 
[0017] If the threshold voltages of the ?rst and second 
transistors are both high, both the drain-to-source currents 
thereof become large. Therefore, the supply voltage in Which 
the electric current is inverted is substantially the same as 
When the threshold voltage is at its average level. The same 
applies to the case in Which the threshold voltages of the ?rst 
and second transistors are both loW. That is, the supply 
voltage in Which the electric current is inverted is substan 
tially the same as When the threshold voltage is at its average 
level. Since the control circuit generates the reset signal 
When the values of the drain-to-source currents cross, the 
reset signal can alWays be generated at the predetermined 
supply voltage, independent from the threshold voltage of 
the transistor. 

[0018] Therefore, in the case When the resetting circuit is 
formed in a semiconductor device, an internal circuit of the 
semiconductor device is initialiZed Whenever the supply 
voltage reaches a predetermined value, Without being in?u 
enced by a change in the threshold voltage. The reset signal 
may be generated by, for example, the direct detection of a 
current value, and may be generated by utiliZing a voltage 
generated in the drain electrode of the transistor. 

[0019] According to another aspect of the resetting circuit 
in the present invention, since the channel lengths L of the 
?rst and second transistors are equalized With each other, the 
tWo transistors maintain predetermined relative relations 
With each parameter in subthreshold characteristic during 
changes in each of the parameters. This results in a desired 
V-I characteristic to be easily realiZed. 

[0020] According to still another aspect of the resetting 
circuit in the present invention, the resetting circuit includes 
a load circuit. The load circuit is connected to the drain 
electrode of the ?rst transistor and to the drain electrode of 
the second transistor, and supplies an electric current to the 
?rst transistor and the second transistor. The reset signal is 
generated in accordance With a change in voltages of at least 
one of the drain electrode of the ?rst transistor and the drain 
electrode of the second transistor. That is, the reset signal 
can easily be generated by generating a voltage based on the 
drain-to-source currents of the ?rst and second transistors by 
the load circuit. A predetermined circuit can reliably be 
initialiZed by the reset signal generated in response to a 
change in the voltage. 
[0021] According to still another aspect of the resetting 
circuit in the present invention, the resetting circuit includes 
an earth circuit. The earth circuit is connected to the source 
electrode of the ?rst transistor and to the source electrode of 
the second transistor, and adjusts an electric current running 
through the ?rst and second transistors. Therefore, the reset 
signal can be generated With minimum electric current 
consumed by the resetting circuit. 
[0022] According to still another aspect of the resetting 
circuit in the present invention, the ?rst voltage and the 
second voltage are reliably generated by a voltage generat 
ing circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The nature, principle, and utility of the invention 
Will become more apparent form the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings in Which like parts are designated by identical 
reference numbers, in Which: 

[0024] FIG. 1 is a circuit diagram shoWing an eXample of 
a conventional resetting circuit; 

[0025] FIG. 2 is an explanatory draWing shoWing the 
operation of the conventional resetting circuit; 

[0026] FIG. 3 is a block diagram shoWing the basic 
principle of the present invention; 

[0027] FIG. 4 is an I-V characteristic diagram of an 
nMOS transistor; 

[0028] FIG. 5 is a characteristic diagram shoWing the 
operation of a resetting circuit of FIG. 3; 

[0029] FIG. 6 is a circuit diagram shoWing a ?rst embodi 
ment of the present invention; 

[0030] FIG. 7 is a circuit diagram shoWing a second 
embodiment of the present invention; 

[0031] FIG. 8 is a circuit diagram shoWing a third embodi 
ment of the present invention; 

[0032] FIG. 9 is a characteristic diagram shoWing the 
operation of a resetting circuit of FIG. 8; and 

[0033] FIG. 10 is a circuit diagram shoWing a fourth 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Embodiments of the present invention Will be 
described hereinafter With reference to the attached draW 
ings. 
[0035] FIG. 3 shoWs the basic principle of a resetting 
circuit and a semiconductor device having the resetting 
circuit of the present invention. 

[0036] The semiconductor device is formed as, for 
eXample, a SDRAM (Synchronous DRAM) on a silicon 
substrate by using a CMOS process. 

[0037] The SDRAM includes a resetting circuit 10 and 
internal circuits 12 initialiZed by a reset signal RST gener 
ated by the resetting circuit 10. The resetting circuit 10 
includes a ?rst transistor 14 and a second transistor 16 of 
nMOS transistors, a voltage generating circuit 18, a load 
circuit 20, an earth circuit 22, and a Waveform shaping 
circuit 24. The voltage generating circuit 18, the load circuit 
20, the earth circuit 22, and the Waveform shaping circuit 24 
are a control circuit for generating the reset signal. The 
SDRAM further includes an I/O circuit, a memory core, and 
a control circuit for controlling the memory core in addition 
to those shoWn in the ?gure. 

[0038] The ratio W/L of a gate Width W to a channel length 
L of the second transistor 16 is designed to be greater than 
the ratio W/L of a gate Width W to a channel length L of the 
?rst transistor 14. In the ?gure, the siZe of the second 
transistor 16 is shoWn to be larger than that of the ?rst 
transistor 14. In the ?rst and second transistors 14 and 16, 
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their source electrodes are connected to each other. The 
source electrodes are connected to the earth circuit 22. The 
gate of the ?rst transistor 14 is connected to the voltage 
generating circuit 18 through a node ND04. The gate of the 
second transistor 16 is connected to the voltage generating 
circuit 18 through a node ND05. The drain electrodes of the 
?rst and second transistors 14 and 16 are connected to the 
load circuit 20 through nodes ND06 and ND07, respectively. 
At least one of the drain electrodes of the ?rst and second 
transistors 14 and 16 is connected to the Waveform shaping 
circuit 24. 

[0039] The Waveform shaping circuit 24 outputs a reset 
signal RST. When a poWer supply is on, the reset signal RST 
is activated (i.e., at a high level) for a predetermined period 
of time, and thereafter is inactivated, for example. 

[0040] A poWer supply line VCC and a ground line VSS 
are connected to the voltage generating circuit 18. In the 
folloWing description, a voltage supplied to the poWer 
supply line VCC is designated as a supply voltage VCC, and 
a voltage supplied to the ground line VSS is designated as 
a ground voltage VSS. The voltage generating circuit 18 
generates a ?rst voltage V1 in the node ND04 in accordance 
With a rise in the supply voltage VCC, and generates a 
second voltage V2 loWer than the ?rst voltage V1 in the node 
ND05. That is, the ?rst transistor 14 receives the ?rst voltage 
V1, Which is raised in accordance With a rise in the supply 
voltage VCC, through the gate electrode, and the second 
transistor 16 receives the second voltage V2 (loWer than the 
?rst voltage V1), Which is raised in accordance With a rise 
in the supply voltage VCC, through the gate electrode. 

[0041] The load circuit 20 connected to the poWer supply 
line VCC supplies an electric current to the ?rst and second 
transistors 14, 16, and causes the drain electrodes of the ?rst 
and second transistors 14, 16 to generate a voltage. The earth 
circuit 22 adjusts an electric current running through the ?rst 
and second transistors 14, 16. Therefore, a reset signal RST 
can be generated in a state in Which the current consumed in 
the resetting circuit 10 is minimized. If the load circuit 20 
can adjust the current running through the ?rst and second 
transistors 14, 16, the earth circuit 22 is unnecessary. 

[0042] The Waveform shaping circuit 24 shapes a voltage 
Waveform generated in the drain electrodes of the ?rst and 
second transistors 14, 16, and outputs it as a reset signal 
RST. 

[0043] FIG. 4 shoWs hoW a drain-to-source current IDS 
varies in relation to the gate-to-source voltages VGS of the 
?rst and second transistors 14 and 16 in a subthreshold area. 
The characteristic of the ?rst transistor 14 is shoWn by the 
solid line, and the characteristic of the second transistor 16 
is shoWn by the broken line. In other Words, the ?rst and 
second transistors 14, 16 are formed to obtain the charac 
teristics shoWn in FIG. 4. The IDS characteristic is calcu 
lated according to the folloWing equation: 

IDS=(W/L)><8><(VGS—Vth)2 
[0044] Where IDS is a drain-to-source current, W and L are 
a gate Width of the transistor and a gate length thereof, 
respectively, [3 is a constant proper to the transistor, VGS is 
a gate-to-source voltage, and Vth is a threshold voltage of 
the transistor. 

[0045] Referring to the solid and broken lines, the upper 
solid and broken lines in the ?gure each indicate a case 
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Where the threshold voltage of the transistor is loWest in 
speci?cations, and the loWer ones each indicate a case Where 
the threshold voltage of the transistor is highest therein. The 
resetting circuit 10 shoWn in FIG. 3 keeps the reset signal 
RST at a high level (i.e., a resetting period) until the supply 
voltage VCC reaches, for eXample, 1.2V, and changes the 
reset signal RST to a loW level When the supply voltage VCC 
eXceeds 1.2V, as described later. 

[0046] In this eXample, the reset signal RST changes to the 
loW level When the voltages of the nodes ND04 and ND05 
(i.e., gate voltages of the ?rst and second transistors 14, 16) 
reach about 035V and 0.3V, respectively. In the vicinity of 
these voltages, the ?rst and second transistors 14, 16 are 
almost the same in the rate of change in the current to a 
change in the voltage. Therefore, in these voltages, the 
drain-to-source current IDS of each of the ?rst and second 
transistors 14, 16 become equal independently of the thresh 
old voltage. 

[0047] FIG. 5 shoWs the operation of the resetting circuit 
10 described above. The upper part of the ?gure shoWs the 
respective changes of the ?rst voltage V1, the second 
voltage V2, and the reset signal RST in relation to the supply 
voltage VCC. The loWer part thereof shoWs the respective 
changes of the drain-to-source currents IDS of the ?rst and 
second transistors 14, 16 in relation to the supply voltage 
VCC. 

[0048] When the poWer supply of the system mounted 
With a SDRAM is turned on, and the supply voltage VCC 
rises, the ?rst and second voltages V1, V2 rise in accordance 
With the supply voltage VCC (FIG. 5(a)). The ?rst voltage 
V1 is alWays higher than the second voltage V2. In the 
subthreshold area of the transistor, the current IDS2 of the 
second transistor 16, the ratio W/L of Which is large, is larger 
than the current IDS1 of the ?rst transistor 14 (FIG. 5(b)). 

[0049] The voltage of the node ND06 shoWn in FIG. 3 is 
higher than that of the node ND07 at this time, and the reset 
signal RST is at a high level (FIG. 5(c)). The internal circuit 
of the SDRAM is initialiZed at the point Where the supply 
voltage VCC rises and eXceeds a predetermined value, in 
response to the activation of the reset signal RST. 

[0050] Since the ?rst voltage V1 is alWays higher than the 
second voltage V2, an increase in the electric current IDS1 
of the ?rst transistor 14 becomes larger than an increase in 
the electric current IDS2 of the second transistor 16 (FIG. 

In other Words, the inversion layer of a channel in the 
?rst transistor 14 is formed earlier than that of a channel in 
the second transistor 16. 

[0051] Thereafter, the respective currents IDS1 and IDS2 
of the ?rst and second transistors 14, 16 increase, and both 
the currents IDS1 and IDS2 are equaliZed With each other 
(FIG. 5(e)). The voltage of the node ND06 is equal to that 
of the node ND07 at this time. Corresponding to the fact that 
the currents IDS1 and IDS2 of the ?rst and second transis 
tors 14, 16 have been equaliZed With each other, the reset 
signal RST changes to a loW level (FIG. That is, the 
present invention generates the reset signal RST by the use 
of the characteristic of the subthreshold area of the transistor 
and the characteristic obtained When the inversion layer is 
formed. 

[0052] Thereafter, the current IDS 1 of the ?rst transistor 
14 becomes larger than the current IDS2 of the second 
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transistor 16 (FIG. 5(g)). Accordingly, the voltage of the 
node ND06 becomes loWer than that of the node ND07. 

[0053] The internal circuit of the SDRAM shoWn in FIG. 
3 releases the initialized state and reaches a normally 
operable state, in response to the inactivation (loW-level) of 
the reset signal RST. 

[0054] According to the manufacturing conditions of the 
SDRAM, the threshold voltages of the ?rst and second 
transistors 14, 16 both change to the same side. As shoWn in 
FIG. 4, the currents IDS of the ?rst and second transistors 
14, 16 are the same even When the threshold voltage changes 
Within the range of a voltage VGS of 0.3V to 035V. 
Accordingly, as indicated by the arroW of FIG. 5, the 
intersection of the currents IDS1 and IDS2 of the transistors 
14, 16 changes only in the directions of the currents (i.e., 
vertically in the ?gure) even When the threshold voltage 
changes. As a result, the reset signal RST is alWays inacti 
vated by a predetermined supply voltage VCC (in this 
eXample, about 1.2V) even When the threshold voltages of 
the ?rst and second transistors 14, 16 change. 

[0055] As described above, in this embodiment, the tWo 
nMOS transistors 14, 16 are formed in the resetting circuit 
10, and the gate electrode of the large siZe nMOS transistor 
16 is alWays supplied With a voltage loWer than the gate 
electrode of the small siZe nMOS transistor 14 When the 
supply voltage rises. Since the reset signal RST is generated 
When the values of the drain-to-source currents IDS of the 
?rst and second transistors 14, 16 cross, the reset signal RST 
can be alWays generated by a predetermined supply voltage 
VCC independently of the threshold voltages of the transis 
tors 14, 16. 

[0056] Since this resetting circuit 10 is formed in the 
SDRAM, the internal circuit 12 of the SDRAM can be 
alWays initialiZed by the predetermined supply voltage. 

[0057] Since a voltage is generated by the load circuit 20 
in the drain electrodes of the ?rst and second transistors 14, 
16, a reset signal RST can be easily generated corresponding 
to a change in at least one voltage of the drain electrodes of 
the ?rst and second transistors 14, 16. 

[0058] Since the earth circuit 22 is connected to the source 
electrodes of the ?rst and second transistors 14, 16, the 
electric current running through the ?rst and second tran 
sistors 14, 16 can be adjusted. Therefore, a reset signal RST 
can be generated While minimiZing the electric current 
consumed by the resetting circuit 10. 

[0059] Since the voltage generating circuit 18 that gener 
ates the ?rst voltage V1 and the second voltage V2 based on 
the supply voltage VCC is formed, the ?rst and second 
voltages V1, V2 can be reliably generated. 

[0060] FIG. 6 shoWs a ?rst embodiment of a resetting 
circuit and a semiconductor device having the resetting 
circuit of the present invention. The same reference charac 
ters as in the above-mentioned basic principle are given to 
constituent elements, respectively, in this embodiment that 
are identical to those in the above-mentioned basic principle, 
and a detailed description of them is omitted. As in the 
above-mentioned basic principle, the resetting circuit is 
formed in a SDRAM, and an internal circuit of the SDRAM 
is initialiZed in this embodiment. 
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[0061] The resetting circuit includes a ?rst transistor 14, a 
second transistor 16, voltage generating circuits 26 and 28, 
a load circuit 30, an earth circuit 32, and a Waveform shaping 
circuit 34 of an inverter. The voltage generating circuits 26 
and 28, the load circuit 30, the earth circuit 32, and the 
Waveform shaping circuit 34 of an inverter are a control 
circuit for generating a reset signal. 

[0062] The ratio W/L of the gate Width W to the channel 
length L of the second transistor 16 is 20 times as large as 
the ratio W/L of the gate Width W to the channel length L of 
the ?rst transistor 14. Especially, the channel length L of the 
second transistor 16 is equalized With that of the ?rst 
transistor 14, and the gate Width W of the second transistor 
16 is designed to be 20 times as large as that of the ?rst 
transistor 14. The source electrodes of the ?rst and second 
transistors 14, 16 are connected to each other. These source 
electrodes are each connected to the earth circuit 32. The 
gate of the ?rst transistor 14 is connected to the voltage 
generating circuit 26 through a node ND04 (?rst voltage 
V1). The gate of the second transistor 16 is connected to the 
voltage generating circuit 28 through a node ND05 (second 
voltage V2). The drain electrodes of the ?rst and second 
transistors 14, 16 are connected to the load circuit 30 
through nodes ND06 and ND07, respectively. The drain 
electrode (node ND07) of the second transistor 16 is con 
nected to the Waveform shaping circuit 34. The Waveform 
shaping circuit 24 outputs a reset signal RST. The voltage 
generating circuit 26 is constructed such that resistors R4 
and R5 are connected in series With each other With the node 
ND04 (?rst voltage V1) betWeen a poWer supply line VCC 
and a ground line VSS. The voltage generating circuit 28 is 
constructed such that resistors R6 and R7 are connected in 
series With each other With the node ND05 (second voltage 
V2) betWeen a poWer supply line VCC and a ground line 
VSS. The load circuit 30 is formed of resistors R8 and R9 
each end of Which is connected to a poWer supply line VCC, 
and the other ends are connected to the node ND06 and the 
node ND07, respectively. The earth circuit 32 is constructed 
by a resistor R10 an end of Which is connected to a ground 
line VSS, and the other end is connected to the source 
electrodes of the ?rst and second transistors 14, 16. The 
resistors R4 to R10 are formed by the use of diffusion layers 

(diffusion resistances). 
[0063] In the resetting circuit of this embodiment, the 
voltage generating circuit 26 generates the ?rst voltage V1 
in accordance With the supply voltage VCC. The voltage 
generating circuit 28 generates the second voltage V2 Which 
is loWer than the ?rst voltage V1 in accordance With the 
supply voltage VCC. When the drain-to-source current IDS 
of the ?rst transistor 14 is equaliZed With the drain-to-source 
current IDS of the second transistor 16, the reset signal RST 
is inactivated, and the internal circuit of the SDRAM is 
released from an initialiZed state. The operation of the 
resetting circuit is the same as in FIG. 5. 

[0064] The same effect as in the embodiment shoWn in 
FIG. 3 can be obtained in this embodiment. 

[0065] FIG. 7 shoWs a second embodiment of a resetting 
circuit and a semiconductor device having the resetting 
circuit of the present invention. The same reference charac 
ters as in the above-mentioned basic principle and the ?rst 
embodiment are given to constituent elements, respectively, 
in this embodiment that are identical to those in the basic 
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principle and the ?rst embodiment, and a detailed descrip 
tion of them is omitted. The resetting circuit is formed in a 
SDRAM, and an internal circuit of the SDRAM is initialized 
in this embodiment in the same Way as above. 

[0066] The resetting circuit includes a ?rst transistor 14, a 
second transistor 16, a voltage generating circuit 36, a load 
circuit 38, an earth circuit 40, and a Waveform shaping 
circuit 34. The voltage generating circuit 36, the load circuit 
38, the earth circuit 40, and the Waveform shaping circuit 34 
are a controlling circuit for generating a reset signal. 

[0067] The ratio W/L of a gate Width W to a channel length 
L of the second transistor 16 is 20 times as large as the ratio 
W/L of a gate Width W to a channel length L of the ?rst 
transistor 14. The source electrodes of the ?rst and second 
transistors 14, 16 are connected to each other. The source 
electrodes are connected to the earth circuit 40. The gate of 
the ?rst transistor 14 is connected to the voltage generating 
circuit 36 through a node ND04. The gate of the second 
transistor 16 is connected to the voltage generating circuit 36 
through a node ND05. The drain electrodes of the ?rst and 
second transistors 14, 16 are connected to the load circuit 30 
through nodes ND06 and ND07, respectively. The drain 
electrode (node ND07) of the second transistor 16 is con 
nected to the Waveform shaping circuit 34. The Waveform 
shaping circuit 34 outputs a reset signal RST. The voltage 
generating circuit 36 is constructed such that resistors R11, 
R12, and R13 are connected in series With each other With 
nodes ND04 and ND05 betWeen a poWer supply line VCC 
and a ground line VSS. The load circuit 38 has a current 
mirror circuit that is formed of tWo pMOS transistors. In the 
pMOS transistor, its source electrode is connected to a 
poWer supply line VCC, its gate electrode is connected to the 
node ND06, and its drain electrode is connected to the nodes 
ND06 and ND07. The earth circuit 40 is constructed by an 
nMOS transistor in Which its gate electrode is connected to 
a poWer supply line VCC, its source electrode is connected 
to a ground line VSS, and its drain electrode is connected to 
the source electrodes of the ?rst and second transistors 14, 
16. 

[0068] The same effect as in the above-mentioned ?rst 
embodiment can be obtained in this embodiment. Further 
more, in this embodiment, since both the ?rst voltage V1 and 
the second voltage V2 are generated by the single voltage 
generating circuit 36, the relationship betWeen the ?rst 
voltage V1 and the second voltage V2 can be more easily 
maintained than in the ?rst embodiment. Furthermore, the 
layout area of the voltage generating circuit can be reduced. 
Furthermore, since the load circuit 38 is constructed With the 
current mirror circuit, the ability of the reset signal RST to 
folloW a change in the ?rst and second voltages V1, V2 can 
be more greatly improved compared With the ?rst embodi 
ment. Furthermore, since the earth circuit 40 is constructed 
With the nMOS transistor, the layout area can be made 
smaller than in the ?rst embodiment, compared With a case 
Where the earth circuit is constructed With a diffusion 
resistance. 

[0069] FIG. 8 shoWs a third embodiment of a resetting 
circuit and a semiconductor device having the resetting 
circuit of the present invention. The same reference charac 
ters as in the above-mentioned embodiments are given to 
constituent elements, respectively, in this embodiment that 
are identical to those in the above-mentioned embodiments, 
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and a detailed description of them is omitted. The resetting 
circuit is formed in a SDRAM, and an internal circuit of the 
SDRAM is initialiZed in this embodiment in the same Way 
as above. 

[0070] The resetting circuit includes a ?rst transistor 14, a 
second transistor 16, a voltage generating circuit 36, load 
circuits 42 and 44, and a Waveform shaping circuit 46. The 
voltage generating circuit 36, load circuits 42 and 44, and the 
Waveform shaping circuit 46 are a controlling circuit for 
generating a reset signal. 

[0071] The ratio W/L of a gate Width W to a channel length 
L of the second transistor 16 is 20 times as large as the ratio 
W/L of a gate Width W to a channel length L of the ?rst 
transistor 14. In the ?rst and second transistors 14, 16, their 
source electrodes are connected to a ground line VSS. The 
gate of the ?rst transistor 14 is connected to the voltage 
generating circuit 36 through a node ND04 (?rst voltage 
V1). The gate of the second transistor 16 is connected to the 
voltage generating circuit 36 through a node ND05 (second 
voltage V2). The drain electrodes of the ?rst and second 
transistors 14, 16 are connected to the load circuits 42, 44 
through nodes ND06 (voltage V3) and ND07 (voltage V4), 
respectively. The drain electrodes (nodes ND06 and ND07) 
of the ?rst and second transistors 14, 16 are connected to the 
Waveform shaping circuit 46. The Waveform shaping circuit 
46 outputs a reset signal RST. The load circuits 42, 44 are 
each constructed With a diode-connected nMOS transistor. 
That is, the gate electrode and the drain electrode of the 
nMOS transistor of each of the load circuits 42, 44 are 
connected to a poWer supply line VCC, and the source 
electrodes thereof are connected to the nodes ND06 and 
ND07, respectively. 

[0072] The Waveform shaping circuit 46 includes a current 
mirror circuit and an inverter 466. The current mirror circuit 
is made of nMOS transistors 46a, 46b and pMOS transistors 
46c, 46d. The inverter 46e outputs a reset signal RST. In the 
nMOS transistor 46a, its source electrode is connected to a 
ground line VSS, its gate electrode is connected to a node 
ND09, and its drain electrode is connected to a node ND08. 
In the nMOS transistor 46b, its source electrode is connected 
to a ground line VSS, and its gate electrode and drain 
electrode are connected to the node ND09. In the pMOS 
transistor 46c, its source electrode is connected to a poWer 
supply line VCC, its gate electrode is connected to the node 
ND06, and its drain electrode is connected to the node 
ND08. In the pMOS transistor 46d, its source electrode is 
connected to a poWer supply line VCC, its gate electrode is 
connected to the node ND07, and its drain electrode is 
connected to the node ND09. In the inverter 466, its input is 
connected to the node ND08. 

[0073] FIG. 9 shoWs the operation of the resetting circuit 
in FIG. 8. 

[0074] When the poWer supply of the system mounted 
With the SDRAM is turned on, and the supply voltage VCC 
rises, the ?rst voltage V1 and the second voltage V2 rise in 
accordance With the voltage VCC (FIG. 9(a)). In the volt 
ages V3 and V4 of the nodes ND06 and ND07 shoWn in 
FIG. 8, the voltage V4 becomes loW in the subthreshold area 
since the electric current IDS2 of the transistor 16 is large as 
shoWn in FIG. 4 (FIG. 9(b)). The Waveform shaping circuit 
46 shoWn in FIG. 8 receives the voltage V3 and the voltage 
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V4 Which is lower than the voltage V3 in the current mirror 
circuit, and outputs a high-level reset signal RST (FIG. 

[0075] With the rise of the supply voltage VCC, the 
voltages V3 and V4 are equalized With each other (FIG. 

Thereafter, the voltage V3 becomes loWer than the 
voltage V4 due to the fact that the current IDS1 of the 
transistor 14 shoWn in FIG. 4 exceeds the current IDS2 of 
the transistor 16 (FIG. 9(6)). The Waveform shaping circuit 
46 receives the voltage V3 and the voltage V4 Which is 
higher than the voltage V3 in the current mirror circuit, and 
loWers the level of the reset signal RST (FIG. 

[0076] When the supply voltage VCC further rises, and the 
?rst and second voltages V1, V2 rise, the on-resistances of 
the transistors 14, 16 decrease, and the voltages V3, V4 fall. 
Since the on-resistance of the transistor 16 that is larger in 
siZe than the transistor 14 becomes loWer than that of the 
transistor 14 at this time, the voltage V4 of the node ND07 
connected to the transistor 16 again becomes loWer than the 
voltage V3 of FIG. 9). HoWever, the current mirror 
circuit of the Waveform shaping circuit 46 is situated out of 
the operating range of differential ampli?cation When the 
supply voltage eXceeds about 2V, and both the pMOS 
transistors 46c, 46d are turned on. For this reason, the reset 
signal RST never again changes to the high level. 

[0077] The same effect as in the above-mentioned second 
embodiment can be obtained in this embodiment. Addition 
ally, since the voltages V3, V4 generated in the drain 
electrodes of the transistors 14, 16 are given to the current 
mirror circuit of the Waveform shaping circuit 46 in this 
embodiment, the ability of the reset signal RST to folloW a 
change in the ?rst and second voltages V1, V2 can be 
improved even more than in the second embodiment. 

[0078] FIG. 10 shoWs a fourth embodiment of a resetting 
circuit and a semiconductor device having the resetting 
circuit of the present invention. The same reference charac 
ters as in the above-mentioned embodiments are given to 
constituent elements, respectively, in this embodiment that 
are identical to those in the above-mentioned embodiments, 
and a detailed description of them is omitted. In this embodi 
ment, a voltage generating circuit 48 is used instead of the 
voltage generating circuit 36 described in the third embodi 
ment. The other structures are substantially the same as in 
the third embodiment. 

[0079] The voltage generating circuit 48 is formed of a 
diode-connected nMOS transistor 48a and resistors R14, 
R15, and R16 that are connected in series betWeen a poWer 
supply line VCC and a ground line VSS. The gate electrode 
and the drain electrode of the nMOS transistor 48a are 
connected to the poWer supply line VCC, and the source 
electrode and the substrate thereof are connected to an end 
of the resistor R14. The connection node of the resistors 
R14, R15 is connected to the node ND04. The connection 
node of the resistors R15, R16 is connected to the node 
ND05. 

[0080] The same effect as in the above-mentioned third 
embodiment can be obtained in this embodiment. Addition 
ally, in this embodiment, the gradient of the I-V character 
istic shoWn in FIG. 4 can be sharpened in the vicinity of the 
intersection of the current IDS1 of the ?rst transistor 14 and 
the current IDS2 of the second transistor 16 shoWn in FIG. 
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5. As a result, the ability of the reset signal RST to folloW 
a change in the ?rst and second voltages V1, V2 can be 
improved even more. 

[0081] An eXample in Which the resetting circuit is formed 
by the use of the nMOS transistors 14, 16 Was described in 
the above-mentioned embodiments. HoWever, the present 
invention is not limited to this eXample. For eXample, the 
resetting circuit may be formed by the use of tWo pMOS 
transistors. 

[0082] An eXample in Which the present invention is 
applied to a SDRAM Was described in the above embodi 
ments. HoWever, the invention is not limited to this eXample. 
For eXample, the present invention may be applied to a 
FCRAM (Fast Cycle RAM). Alternatively, the present 
invention may be applied to a microcomputer, a logic LSI, 
and a system LSI. 

[0083] This invention as a Whole is also not limited to the 
above embodiments and various modi?cations may be made 
Without departing from the spirit and scope of the invention. 
Any improvement may be made in part or all of the 
components. 

What is claimed is: 
1. A resetting circuit comprising: 

a ?rst transistor for receiving at a gate electrode a ?rst 
voltage rising in accordance With a rise in a supply 
voltage; 

a second transistor having a ratio W/L of a gate Width W 
to a channel length L larger than a ratio W/L of said ?rst 
transistor, for receiving at a gate electrode a second 
voltage rising in accordance With a rise in a supply 
voltage, the second voltage being loWer than said ?rst 
voltage; and 

a control circuit for generating a reset signal When drain 
to-source currents of said ?rst and second transistors 
are equaliZed With each other at a predetermined supply 
voltage. 

2. The resetting circuit according to claim 1, Wherein the 
channel length L of said ?rst transistor is equal to the 
channel length L of said second transistor. 

3. The resetting circuit according to claim 1, Wherein said 
control circuit: 

comprises a load circuit connected to drain electrodes of 
said ?rst and second transistors, for supplying an elec 
tric current to said ?rst and second transistors; and 

generates said reset signal in accordance With a change in 
voltages of the drain electrodes of at least one of said 
?rst and second transistors. 

4. The resetting circuit according to claim 3, Wherein said 
control circuit comprises a Waveform shaping circuit for 
shaping a Waveform of said reset signal. 

5. The resetting circuit according to claim 1, Wherein said 
control circuit comprises an earth circuit connected to source 
electrodes of said ?rst and second transistors, for adjusting 
an electric current running through said ?rst and second 
transistors. 

6. The resetting circuit according to claim 1, Wherein said 
control circuit comprises a voltage generating circuit for 
generating the ?rst and second voltages in accordance to 
said supply voltage. 
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7. A semiconductor device having a resetting circuit for voltage rising in accordance With a rise in a supply 
initializing an internal circuit, said resetting circuit cornpris- voltage, the second voltage being loWer than said ?rst 
ingi voltage; and 

a ?rst transistor for receiving at a gate electrode a ?rst 
voltage rising in accordance With a rise in a supply 
voltage; 

a control circuit for generating a reset signal When a 
drain-to-source current of said ?rst and second transis 
tors are equaliZed With each other at a predetermined 

a second transistor having a ratio W/L of a gate Width W Supply V01tage~ 
to a channel length L larger than a ratio W/L of said ?rst 
transistor, for receiving at a gate electrode a second * * * * * 


