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[57] ABSTRACT

A dynamic random access memory device is equipped
with an internal power supply system for selectively
distributing a step-down power voltage to internal com-
ponent circuits, and the internal power supply system
comprises a feedback loop for regulating the step-down
power voltage on an internal power supply line to a
reference voltage, a voltage detecting circuit monitor-
ing an internal power voltage line to see whether or not
the step-down power voltage is decayed to a critical
level for producing a gate control signal, and an auxil-
iary variable load transistor coupled between the exter-
nal power supply line and the internal power supply line
and respomsive to the gate control signal for supple-
menting current to the internal power supply line,
wherein the critical level is inversely proportional to
the external power voltage while the external power
voltage is higher than the reference voltage, thereby
preventing the step-down power voltage from undesir-
able overshoot upon production of the gate control
signal.

5 Claims, 7 Drawing Sheets
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INTEGRATED CIRCUIT DEVICE HAVING
STEP-DOWN CIRCUIT FOR PRODUCING
INTERNAL POWER VOLTAGE FREE FROM
OVERSHOOT UPON VOLTAGE DROP OF
EXTERNAL POWER VOLTAGE

FIELD OF THE INVENTION

This invention relates to an integrated circuit device
and, more particularly, to an ultra large scale integra-
tion such as, for example, a dynamic random access
memory device equipped with an internal step-down
circuit.

DESCRIPTION OF THE RELATED ART

A typical example of the dynamic random access
memory device is disclosed by Nakagome et al. in
“Low-voltage Circuit Technology for 64 Mb
DRAMs”, IEICE Technical Report, ICD90-200, pages
7 to 13. FIG. 1 illustrates an internal power circuit
incorporated in the dynamic random access memory
device disclosed in the paper. The internal power cir-
cuit comprises a detection circuit 1 coupled with a
power supply line PW1, a voltage comparator 2 for
comparing an internal power voltage Vint with a refer-
ence voltage level Vref, a p-channel enhancement type
variable load transistor Q1 controlled by the voltage
controller 2, and a p-channel enhancement type variable
load transistor Q2 controlled by the detection circuit 1.
The detection circuit I monitors external power voltage
Vcc on the power supply line PW1, and produces a gate
control signal SEN when the external power voltage
Vcc is decayed below a predetermined voltage level
Vsen. On the other hand, the reference voltage level
Vrefis directly produced from the external power volt-
age Vcc by means of, for example, a voltage divider
(not shown). FIG. 2 illustrates the relation between the
external power voltage Vcc and the reference voltage
level Vref. When the dynamic random access memory
device is powered with the external power voltage Vcc,
the reference voltage level Vref rises together with the
external power voltage Vcc on the power supply line
PW1, and is saturated at a target voltage level Vreg.
Therefore, the reference voltage level Vref is kept con-
stant in so far as no turbulence takes place on the exter-
nal power supply system.

The voltage comparator 2 is implemented by a cur-
rent mirror amplifier as shown in FIG. 3, and comprises
two series combinations of p-channel enhancement type
load transistor Q3 and Q4 and n-channel enhancement
type input transistors Q5 and Q6 coupled in paraliel
between the power supply line PW1 and a common
node N1. An n-channel enhancement type current
source transistor Q7 is coupled between the common
node N1 and a ground voltage line GND. The p-chan-
nel enhancement type load transistors Q3 and Q4 have
respective gate electrodes coupled with the drain node
of the p-channel enhancement type load transistor Q3,
and the drain node of the other p-channel enhancement
type load transistor Q4 serves as an output node N2
where a gate control signal OUT takes place. The gate
electrode of the n-channel enhancement type current
source transistor Q7 is coupled with the power supply
line PW1, and allows constant current to flow there-
through. The reference voltage level Vref is applied to
the gate electrode of the n-channel enhancement type
input transistor Q6, and the internal power voltage Vint
is applied to the gate electrode n-channel enhancement
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type input transistor Q5. The n-channel enhancement
type input transistors QS and Q6 convert the differential
voltage between the reference voltage level Vref and
the internal power voltage Vint to the gate voltage of
the p-channel enhancement type load transistors Q3 and
Q4, and channel resistances of the p-channel enhance-
ment type load transistors Q3 and Q4 are equally varied.
This results in variation of the gate control signal OUT.

Turning back to FIG. 1, the gate control signal OUT
is supplied from the voltage comparator 2 to the gate
electrode of the p-channel enhancement type variable
load transistor Q1 so as to provide variable resistance
against current from the power supply line PW1 to the
power supply line PW2. If the internal power voltage
Vint goes down from the target level Vreg, the voltage
comparator 2 decreases the voltage level of the gate
control signal OUT, and the p-channel enhancement
type variable load transistor Q1 decreases the channel
resistance thereof for increasing the voltage level of the
internal power voltage level. On the other hand, when
the internal power voltage Vint is elevated from the
target level Vreg, the voltage comparator 2 lifts the
voltage level of the gate control signal OUT for increas-
ing the channel resistance, and the p-channel enhance-
ment type variable load transistor Q1 causes the internal
power voltage Vint to be recovered to the predeter-
mined level.

While the reference voltage level Vref is kept at the
target level Vreg, the feedback loop implemented by
the variable load transistor Q1 and the voltage compar-
ator 2 regulates the internal power voltage Vint to the
reference voltage level Vref as described hereinbefore.
However, if the external power voltage Vec is undesir-
ably decayed under the target level Vreg due to, for
example, turbulence in the external power supply sys-
tem, the undesirable voltage drop decreases the differ-
ential voltage between the source and drain of the p-
channel enhancement type variable load transistor Q1.
This means that the p-channel enhancement type vari-
able load transistor Q1 decreases the current from the
power supply line PW1 to the power supply line PW2.
In order to supplement the current to the power supply
line PW2, the detection circuit 1 detects the undesirable
voltage drop on the power supply line PW1, and
supplies the gate control signal SEN of the ground
voltage level to the p-channel enhancement type vari-
able load transistor Q2. Then, the p-channel enhance-
ment type variable load transistor Q2 turns on, and
supplements the current to the power supply line PW2,
As a result, the internal power voltage Vint is regulated
to the lowered external power voltage level Vcc. How-
ever, the p-channel enhancement type variable load
transistor Q2 is large enough to keep the power voltage
line PW2 at the lowered external power voltage level
Vee because of the gate control signal SEN of the
ground voltage level.

However, a problem is encountered in the prior art
dynamic random access memory device in that mal-
function takes place in internal component circuits (not
shown) powered with the internal power voltage Vint.
The storage capacitor of the memory cell is one of the
internal component circuits affectable by the voltage
fluctuation of the internal power voltage Vint . In de-
tail, when the external power voltage Vcc is decayed
below the target level Vreg, the detection circuit I
allows the p-channel enhancement type variable load
transistor Q2 to supplement current to the power volt-
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age line PW2 . The detection circuit produces the gate
control signal SEN when the external power voltage
level Vcc is decayed under a critical level Vsen, and the
critical level Vsen is slightly higher than the target level
Vreg as shown in FIG. 4. Such a voltage margin be- 5
tween the critical level Vsen and the target level Vreg
retards rapid voltage drop on the power supply line
PW2 . However, after the p-channel enhancement type
variable load transistor Q2 turns on, the power supply
line PW2 is dominated by the external power voltage 10
level Vcc, and the power supply line PW2 is rapidly
elevated to the voltage level equal to the critical level
Vsen. If the external power voltage Vcc is continuously
decreased from the critical level Vsen, the internal
power voltage Vint follows the external power voltage
Vcc, and the internal power voltage traces Plots Vint of
FIG. 4. As a result, an overshoot OS takes place while
the external power voltage vcc passes through the
range between the critical level Vsen and the target
level Vreg. The overshoot OS decreases voltage margin
for the internal component circuits (not shown) pow-
ered with the internal power voltage Vint, and malfunc-
tion is liable to take place due to the loss of the voltage

margin. 25
SUMMARY OF THE INVENTION

It is therefore an important object of the present
invention to provide in an integrated circuit an internal
power supply system of which does not produce any
overshoot upon fluctuation of an external power volt-
age.

To accomplish the object, the present invention pro-
poses to inverse-proportionally decrease a critical level
with respect to an external power voltage for canceling 45
overshoot of a step-down power voltage.

In accordance with the present invention, there is
provided an integrated circuit device fabricated on a
single semiconductor chip, comprising: 2) a main circuit
for achieving a predetermined function; and b) a power 4
supply system associated with the main circuit, and
comprising b-1) a reference voltage producing means
for producing a reference voltage from an external
power voltage on an external power supply line, b-2) a
voltage comparator having a first input node supplied 45
with the reference voltage and a second input node
coupled with an output node thereof, and operative to
produce a first gate control signal for eliminating differ-
ence between the reference voltage and voltage level at
the output node, b-3) a first variable load transistor 5q
coupled between the external power supply line and an
internal power supply line for producing a step-down
power voltage, and responsive to the first gate control
signal for changing channel resistance thereof, thereby
keeping the step-down power voltage constant, b4) a 55
voltage detecting circuit monitoring the internal power
supply line to see whether or not the step-down power
voltage is decayed to a critical level, and operative to
produce a second gate control signal when the step-
down power voltage reaches the critical value, the 60
critical level being inversely proportional to the exter-
nal power voltage level while the external power volt-
age is higher than the reference voltage, and b-5) a
second variable load tramsistor coupled between the
external power supply line and the internal power sup- 65
ply line, and responsive to the second gate control sig-
nal for supplementing current to the internal power
supply line.
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The main circuit may be implemented by a dynamic
random access memory cell array associated with pe-
ripheral circuits so as to write data bits into and read out
the data bits from the dynamic random access memory
cell array.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the integrated circuit
device according to the present invention will be more
clearly understood from the following description taken
in conjunction with the accompanying drawings in
which:

FIG. 1 is a circuit diagram showing the internal
power supply system incorporated in the prior art dy-
namic random access memory device;

FIG. 2 is a graph showing the relation between the
reference voltage signal and the external power voltage
level after the prior art dynamic random access memory
device is powered;

FIG. 3 is a circuit diagram showing the circuit ar-
rangement of the voltage comparator incorporated in
the prior art dynamic random access memory device;

FIG. 4 is a graph showing the relation between the
internal power voltage level and the external power
voltage level when the external power voltage fluctu-
ates;

FIG. 5 is a circuit diagram showing the arrangement
of a dynamic random access memory device according
to the present invention;

FIG. 6 is a circuit diagram showing the arrangement
of a voltage detecting circuit incorporated in the dy-
namic random access memory device;

FIG. 7 is a graph showing relation between a critical
level and an external power voltage; and

FIG. 8 is a graph showing relation between a step-
down power voltage and the external power voltage.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 5 of the drawings, a dynamic ran-
dom access memory device embodying the present
invention is fabricated on a single semiconductor chip
11, and largely comprises an internal power supply
system 12 for producing a step-down power voltage
Vint and a dynamic random access memory cell array
13a accompanied with peripheral circuits 135 such as
address decoders, a precharging circuit, sense amplifier
circuits, a column selector and a data buffer circuit. The
dynamic random access memory cell array 132 and the
peripheral circuits 135 serve as a main circuit. How-
ever, they are well known to those skilled in the art, and
no further description is incorporated hereinbelow.

The internal power supply system 12 comprises a
power stabilizer 12a coupled with a power supply pin
PN1, and the power stabilizer 12¢ distributes an exter-
nal power voltage Vcc through an external power sup-
ply line PW11. The internal power supply system 12
further comprises a voltage divider 125 for producing a
reference voltage Vref from the external power voltage
Ve, a voltage comparator 12¢ for producing a first gate
control signal CTLI1, and a p-channel enhancement
type variable load transistor 124 for regulating a step-
down power voltage Vint to the reference voltage Vref
in cooperation with the voltage comparator 12c. The
voltage divider is, by way of example, implemented by
a resistor string, and allows the reference voltage Vref
to follow the external power voltage Vcc. Namely,
when the dynamic random access memory device is



5,373,477

5

powered with the external power voltage Vcc at the
power supply pin PN1, the reference voltage Vref rises
together with the external power voltage Vcc without
any substantial time delay. However, the reference
voltage Vref is saturated at a predetermined level REF, 5
and the external power voltage Vcc is further increased
over the predetermined level REF. The voltage com-
parator 12c has an inverted input node (—) coupled
with the output node of the voltage divider 125, a non-
inverted input node (+) coupled with the output node 10
thereof, and is operative to compare the step-down
power voltage Vint at the output node thereof with the
reference voltage Vref. If the step-down power voltage
Vint exceeds the predetermined level REF, the voltage
comparator 12¢ increases the voltage level of the first 15
gate control signal CTL1, and the p-channel enhance-
ment type variable load transistor 12d increases the
channel resistance thereof. As a result, the current from
the external power supply line PW11 to the internal
power supply line PW12 is decreased, and the step- 20
down power voltage Vint is recovered to the predeter-
mined Jevel REF. On the other hand, if the step-down
power voltage Vint goes down below the predeter-
mined level REF, the voltage comparator 12¢ decreases
the voltage level of the first gate control signal CTL1, 25
and the p-channel enhancement type variable load tran-
sistor 12d decreases the channel resistance thereof. As a
result, the current from the external power supply line
PW11 to the internal power supply line PW12 is in-
creased, and the step-down power voltage Vint is re- 30
covered to the predetermined level REF.

The internal power supply system 12 further com-
prises a voltage detecting circuit 12¢ for producing a
second gate control signal CTL2 and a p-channel en-
hancement type variable load transistor 12£ As will be 35
better seen from FIG. 6, the voltage detecting circuit
12¢ largely comprises a variable voltage generator 12g,
and a voltage comparator unit 124. The variable voltage
generator 12g comprises a voltage divider 12; imple-
mented by a series of resistors R1 and R2 coupled be- 40
tween the external power supply line PW11 and an
output node thereof Nout, a voltage comparator 12/
having an inverted input node (—) supplied with the
reference voltage Vref and a non-inverted input node
(+) coupled with a node N10 between the resistors R1 45
and R2, and a series combination of a p-channel en-
hancement type variable load transistor 12k and a resis-
tor R3 coupled between the external power supply line
PW11 and a ground voltage node GND. The resistance
of each resistor R1 or R2 is much larger than that of the 50
resistor R3, and a negligible amount of current passes
from the power supply line PW11 through the resistors
R1 and R2 to the output node Nout. The drain node of
the variable load transistor 12k is coupled with the
output node Nout, and the critical voltage Vik at the 55
output node Nout is inversely proportional to the exter-
nal power voltage level Vcc.

The variable voltage generator 12g thus arranged
behaves as follows. While the external power voltage
Vecc is much higher than the reference level REF such 60
as at C1 (See FIG. 7), the voltage comparator 12j
supplies a gate control signal CTL3 indicative of large
channel resistance, and the p-channel enhancement type
variable load transistor 12k provides large channel resis-
tance against current from the power Supply line 65
PW11. As a result, the critical voltage Vik at the output
node Nout is regulated to RF1. If the external power
voltage Vcc becomes closer to the reference level REF,
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the voltage level at the node N10 is lowered together
with the external power voltage Vcc, and the voltage
comparator 12j decreases the voltage level of the gate
control signal CTL3. The p-channel enhancement type
variable load transistor 12k is responsive to the gate
control signal CTL3, and decreases the channel resis-
tance thereof. For this reasomn, the critical voltage Vik at
the output node Nout goes up from the previous value
RF1. Thus, while the external power voltage Vcc is
higher than the reference level REF, the critical volt-
age Vik is inversely proportional to the external power
voltage Vcc, and tangent A is determined by ratio be-
tween the resistance of the resistor R1 and the resistance
of the resistor R2. In other words, tangent A is regula-
ble by changing the ratio. While the reference voltage
Vref rises together with the external power voltage
Vecc, the critical voltage Vik is increased toward the
reference level REF.

The voltage comparator unit 124 comprises three
voltage comparators 12m. 12n and 120 and an inverter
12p, and the critical voltage Vik is supplied to the in-
verted input node (—) of the voltage comparator 12m
and to the non-inverted input node (+) of the voltage
comparator 12n. On the other hand, the step-down
power voltage Vint is supplied to the non-inverted
input node (+) of the voltage comparator 12m and to
the inverted input node (—) of the voltage comparator
125, and the output nodes of the voltage comparators
12m and 12n are respectively coupled with the inverted
input node (—) and the non-inverted input node (+) of
the voltage comparator 120. The output node of the
voltage comparator r 120 is coupled with the inverter
12p, and the inverter 12p supplies the second gate con-
trol signal CTL2 to the p-channel enhancement type
variable load transistor 12f

While the external power voltage Vce is high enough
to keep the internal power voltage Vint at the reference
level REF, the voltage comparators 12m and 12n al-
lows the voltage comparator 120 to produce an output
voltage signal of low voltage level, and, accordingly,
the inverter 12p supplies the second gate control signal
CTL2 of high voltage level to the p-channel enhance-
ment type variable load transistor 12f£ The p-channel
enhancement type variable load transistor is turned off,
and the feedback loop regulates the step-down power
voltage Vint on the power supply line PW12 to the
reference level REF.

However, if the external power voltage Vcc is de-
cayed due to, for example, turbulence in an external
power supply system (not shown), the variable voltage
generator 12¢ produces the critical voltage Vik, and the
critical voltage Vik has a certain value depending upon
the external power voltage Vce. When the step-down
power voltage Vint reaches the certain level, the volt-
age comparators 12m and 12n causes the voltage com-
parator 120 to change the output voltage signal to the
high voltage level, and the inverter 12p supplies the
second gate control signal CTL2 of the low voltage
level to the p-channel enhancement type variable load
transistor 12f The p-channel enhancement type vari-
able load transistor 12f pulls up the power supply line
PW12, and overshoot takes place in the step-down
power voltage Vint. However, the difference between
the external power voltage level Ve and the reference
value REF is canceled by the decrement of the step-
down power voltage Vint, and the step-down power
voltage Vint is kept constant as shown in FIG. 8 while
being higher than the reference level REF.
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However, if the external power voltage Vec becomes
lower than the reference level REF, the step-down
power voltage Vint follows the external power voltage

Vcee.

As will be better seen from the foregoing description, 5
the decrement of the step-down power voltage Vint
cancels an overshoot due to the current through the
p-channel enhancement type variable load transistor

8

reference voltage, said voltage detecting circuit
including a variable voltage generator supplied
with said external power voltage level and said
reference voltage for producing said critical
level, and a voltage comparing unit supplied
with said step-down power voltage and said
critical level for producing said second gate
control signal, and

12f, and the internal power supply system 12 keeps the
step-down power voltage Vint constant in so far as the
external power voltage Vcc is higher than the reference
level REF. For this reason, the step-down power volt-
age Vint does not decrease the voltage margin for the
component circuits, and any malfunction never take

b-5) a second variable 10ad transistor coupled be-
tween said external power supply line and said
internal power supply line, and responsive to
said second gate control signal for supplement-
ing current to said internal power supply line.

2. An integrated circuit device as set forth in claim 1,

10

place. 15 in which said main circuit is implemented by a dynamic
Although particular embodiments of the present in- random access memory cell array and peripheral cir-

vention have been shown and described, it will be obvi- cuits associated with said dynamic random access mem-

ous to those skilled in the art that various changes and ory cell array.

modifications may be made without departing from the 3. An integrated circuit device as set forth in claim 1,

spirit and scope of the present invention. For example, 20 in which said variable voltage generator comprises a

the internal power supply system according to the pres-

ent invention is applicable to any integrated circuit

device using a step-down power voltage.

What is claimed is:

1. An integrated circuit device fabricated on a single

semiconductor chip, comprising:

a) a main circuit for achieving a predetermined func-
tion; and

b) a power supply system associated with said main
circuit, and comprising

b-1) a reference voltage producing means for pro-
ducing a reference voltage from an external
power voltage on an external power supply line,

b-2) a voltage comparator having a first input node
supplied with said reference voltage and a sec-
ond input node coupled with an output node
thereof, and operative to produce a first gate
control signal for eliminating a difference be-
tween said reference voltage and a voltage level
at said output node,

b-3) a first variable load transistor coupled between
said external power supply line and an internal
power supply line for producing a step-down
power voltage, and responsive to said first gate
control signal for changing a channel resistance
thereof, thereby keeping said step-down power
voltage constant,

b-4) a voltage detecting circuit monitoring said
internal power supply line to determine whether
or not said step-down power voltage has de-
cayed to a critical level, and operative to pro-
duce a second gate control signal when said
step-down power voltage reaches said critical
level, said critical level being inversely propor-
tional to said external power voltage level while 55
said external power voltage is higher than said

25
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voltage divider coupled between said external power
supply line and an output node of said variable voltage
generator and having a reference node for producing a
step-down voltage following said external power volt-
age level, a first voltage comparator having a non-
inverted input node coupled with said reference node
and an inverted input node supplied with said reference
voltage for producing a third gate control signal, and a
combination of a third variable load transistor, said
output node of said variable voltage generator and a
first resistor coupled between said external power sup-
ply line and a constant voltage line and responsive to
said third gate control signal for producing said critical
level.

4. An integrated circuit device as set forth in claim 3,
in which said voltage divider is implemented by a series
combination of second and third resistors much larger
in resistance than said first resistor, said output node of
said variable voltage generator being provided between
said first and third resistors.

5. An integrated circuit device as set forth in claim 3,
in which said voltage comparing unit comprises a sec-
ond voltage comparator having an inverted input node
supplied with said critical level and a non-inverted input
node supplied with said step-down power voltage, a
third voltage comparator having a non-inverted input
node supplied with said critical level and a non-inverted
input node supplied with said step-down power voltage,
a fourth voltage comparator having an inverted input
node coupled with an output node of said second Volt-
age comparator and a non-inverted input node coupled
with an output node of said third voltage comparator,
and an inverter coupled with an output node of said
fourth voltage comparator for producing said second

gate control signal.
* ¥ * X X





