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1
SUBSTRATE BIAS GENERATING CIRCUIT

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

The present invention relates to a substrate bias gener-
ating circuit for an address multiplex type dynamic MOS
random access memory.

FI1G. 1 shows a conventional substrate bias generating
circuit for an address multiplex type dynamic MOS random
access memory.

In the above device, reference numeral 1 identifies a
capacitor one of which electrode 13 connected with an output
of a self-oscillator 10. Reference numeral 2 identifies an
output termunal of substrate bias generating circuit and
reference numerals 3 identifies a MOS transistor. Both drain
electrode and gate electrode of MOS transistor 3 are con-
nected with output terminal 2 whereas the source electrode
of MOS transistor 3 is connected with the other electrode 4
of capacitor 1. Both drain electrode and gate electrode of a
MOS transistor § are connected with node 4.

Whereas a source clectrode thereof is grounded. A ring
oscillator which comprises an odd number of inverters
connected in series with each other can be adopted as an
embodiment of self-oscillator shown in FIG. 2. In the
embodiment illustrated in FIG. 2, an amplitude of output is
able to be obtained by the expression Vee—V A V) in which
Vce indicates an electrode voltage and V.. indicates a
threshold voltage of MOS transistor comprising a substrate
bias generating circuit. However, an output buffer circuit or
a device comprising ED will be applied to obtain an ampli-
tude of output of which potential is Vcc(V).

An operation of substrate bias generating circuit is illus-
trated hereinafter by using FIG. 1 and FIG. 3 which shows
varations of nodes included in the circuit shown in FIG. 1.

Self-oscillator 10 oscillates under the amplitude from
O(V) to Vee(V). At this point, potential at node 4 changes
because of capacitive coupling of capacitor 1. In this con-
dition, when the potential of node 4 becomes more than
threshold voltage V (V) of transistor 5,H level of node 4 is
clamped at potential V,{V) so as to conduct transistor 5.
Thus, the potential at node 4 changes into negative by value
~-Vce(V) so that the lowest potential at node 4 becomes a
value corresponding to the expression V.~Vcc(V). Conse-
quently, output terminal 2 of substrate bias generating circuit
reaches a potential which is higher than that of node 4 by
threshold voltage V., and finally, the potential at output
ierminal 2 becomes to indicate a value corresponding to the
expression 2V, —Vcee(V).

When potential at output terminal 2 of substrate bias
generating circuit is zero{0) V, a charge pump current
flowing in transistor 3 is obtained by the following equation:

i=f.C.V (1)

f: oscillation frequency of self-oscillator 10

C: capacity of capacitor 1

V: output amplitude of self-oscillator 10

Thus, it 1s apparent from the above equation that charge
pump current 1 would be increased by making the oscillation
frequency of self-oscillator 10 higher, making output ampli-
tude thereof larger or making capacity of capacitor 1 larger.
However, it is necessary to select one of the three ways
illustrated above in order to improve the activation ability
relative to a load of capacitor or to increase a rate of
switching in each state of inverters included in self-oscillator
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10 shown in FIG. 2. And that, wattage dissipation should be
increased in self-oscillator 10.

Recently, as microminiaturized MOS transistors, it
appears a big problem in MOS transistors that substrate
current is increased by diffusion of holes over substrate,
which are generated in the high electric field around drain in
MOS transistor, so as to reduce substrate bias potential.
However, conventional substrate bias generating circuit as
illustrated above has dissadvantages such that wattage dis-
sipation in self-oscillator should be increased in order to
increase charge pump current whereas wattage dissipation
shouid be maintained at low level during holding time
thereof, particularly in dynamic random access memory and
so0 forth so that it is impossible 10 resolve the above
contradication by making use of conventional ways.

It i1s an object of the present invention to provide a
substrate bias generating circuit in which an internal RAS
(Row Address Strobe) signal and an internal CAS (Column
Address Strobe) signal, both of which are synchronized with
an external RAS signal and an external CAS supplied from
outside in addition of self-oscillator, activate circuits com-
prising capacitors and rectifying elements respectively so as
to reduce wattage dissipation thereof during holding time of
RAM and be obtained increased charge pump current during
operation thereof.

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular description of preferred embodiment of the inven-
tion as illustrated in the accompanying drawings.

FIG. 1 is a conventional substrate bias generating circuit
diagram,

FIG. 2 is a circuit diagram of seif-oscillator used in the
circuit shown in FIG. 1,

FIG. 3 1s a view showing waveforms of potentials at
various nodes in the substrate bias generating circuit shown
in FI1G. 1,

FIG. 4 is a substrate bias generating circuit diagram
according to the present invention,

FIG. 5 is a view showing waveforms of potentials at
various nodes in the substrate bias generating circuit shown
in FIG. 4,

FIGS. 6 and 7 are views showing the timing relationship
between Ext, RAS and Ext, CAS used to illustrate various
operatton modes of dynamic type RAM.

In FIG. 4 self-oscillator 10 is a conventional type thereof
and RAS buffer circuit 20 generates various clocks which
are applied in RAM to synchronize with external RAS signal
(Ext, RAS) while CAS buffer circuit 30 generates various
clocks which are used in RAM to synchronize with external
CAS signal (Ext, CAS). Reference numerals 101, 108 and
113 identify capacitors and reference numerals 102 indicates
output terminal of substrate bias generating circuit according
to the present invention. Reference numerals 103 and 105
indicate MOS transistors comprising a rectifier circuit.
RAS signal being in phase with Ext, RAS and RAS signal
being in opposite phase with Ext, RAS, both of which are
generated in RAS buffer circuit 20, are respectively intro-
duced into gates of a buffer circuit comprising MOS tran-
sistor 106 and 107. Output of the buffer circuit is in
connection with the one electrode of capacitor 108 whereas
the other electrode thereof is in connection with a rectifier
circuit comprising MOS transistors 109 and 110. CAS signal
being in phase with Ext, CAS and CAS signal being in
opposite phase with Ext, CAS, both of which are generated
in CAS buffer circuit 30 are respectively entered into a
buffer circuit comprising MOS transistors 111 and 112.
Output of the buffer circuit is in connection with the one
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electrode of capacitor 113 whereas the other electrode
thereof is in connection with a rectifier circuit comprising
MOS transistors 114 and 113.

An operation of substrate bias generation device accord-
ing to the present invention is illustrated with referring to
FIG. 5. Suppose inputs of Ext, RAS and Ext, CAS are
applied as shown in FIG. 5. Output ¢ of self-oscillator 10 1s
periodically generated without regarding to these external
signals. Internal signals RAS and RAS in RAS buffer circuit
20 arc generated slightly behind Ext,, RAS signal. Thus,
output from the buffer circuit comprising MOS transistors
106 and 107 forms a waveform like A shown in FIG. 3.
Likewise, output through circuit 30 from the buffer circuits
comprising MOS transistors 111 and 112 makes a waveform
like B shown in FIG. 5. Consequently electric current 1
passed through output terminal 102 of subsirate bias gener-
ating circuit is the sum of charge pump current 1, generated
by capacitor 101 and rectifier circuit both of which are
activated by self-oscillator 10, charge pump current i, gen-
erated by capacitor 106 and rectifier circuit both of which are
driven by signals through RAS line and charge pump current
i, generated by capacitor 113 and rectifier circuit both of
which are activated by signal through CAS line so as to be
able to obtain a large charge pump current.

In dynamic type random access memory, there are varnous
types of operation modes depending on signals given by Ext,
RAS and Ext, CAS. In general, relationship for timing
between Ext, RAS and Ext, CAS shown in FIG. 6 is called
RAS only refresh mode in which memory cell is refreshed
by way of changing “H"—>“L”—“H"->“L” as to Ext,
RAS with sustaining Ext, CAS at “H”. In this case, accord-
ing to the present invention, all charge pump current 1s the
sum of charge pump current i, from self-oscillator and
charge pump current i, based on signal from RAS hne.
Relationship for timing between Ext, RAS and Ext, CAS
shown in FIG. 7 is called a nibble mode or a page mode of
type which can read the data out at high rate by changing
“H” —=“L’—"H"->“L” as to Ext, CAS with maintaining Ext,
RAS at “L”. In this case, total charge pump current becomes
the sum of charge pump current i, from self-oscillator and
charge pump current i; based on signal from CAS line.

Thus, according to the present invention, it is possible to
obtain a large quantity of charge pump current in any
operation mode by way of generating charge pump current
based on internal signal which is synchronized with both
Ext, RAS and Ext, CAS.

In the embodiment, only one charge pump circuit is
shown to be activated by signals from RAS line and CAS
line respectively. However, it is possible to provide a plu-
rality of charge pump circuits on any places on the semi-
conductor device on which these signal lines and power line
are available so as to be able to obtain more large charge
current.

Furthermore, in the embodiment, the expression Vcc—
V_(V) indicates an amplitude of waveform of A and B made
by signals from RAS line and CAS line. However, the
amplitude can become Vece(V) by way of raising the poten-
tials of signals, which are introduced into MOS transistor
106 and 111 shown in FIG. 4, more than a value obtained by
the expression Vce+V (V) so as to be able to gain larger
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charge pump current.

As illustrated above, in addition 1o a substrate bias gen-
erating circuit with regard to the self-oscillator, other sub-
strate bias generating circuits driven by internal clock pulses
synchronized with signals of Ext, RAS and Ext, CAS are
provided so that power consumption is reduced during
holding time of RAM and large charge pump current apphi-
cable to various operation modes of random access memory
is able to obtain during operation time thereof.

We claim:

1. A substrate bias generating device included mm a
dynamic type random access memory, COmprising:

a self-oscillator generating a periodic output,

a first capacitor having a first electrode connected with an
output terminal of said self-oscillator;

a first rectifier circuit having a first terminal connected
with a second electrode of said first capacitor and a
second terminal which is connected with [said] an
output terminal of said substrate bias generating
device;

a charge pump circuit of RAS line including a second
capacitor having a first electrode which receives a
signal synchronized with an external RAS signal sup-
plied from outside to said random access memory, and
a second rectifier circuit having a first terminal con-
nected with a second electrode of said second capacitor
and a second terminal which is connected with [said]}
the output terminal of said substrate bias generating
device; and

a charge pump circuit of CAS line including a third
capacitor having a first electrode which receives a
signal synchronized with an external CAS signal sup-
plied from outside to said random access memory, and
a third rectifier circuit having a first terminal connected
with a second electrode of said third capacitor and a
[third] second terminal which is connected with [said]
the output terminal of said substrate bias generating
device.

2. A substrate bias generating device as set forth in claim

1, wherein, each of said first rectifier circuit, said second
rectifier circuit and said third rectifier circuit comprises a
pair of MOS transistors in series in which [both] the drain
electrode of one of said MOS transistors [are] is connected
with [said] the output terminal of said substrate bias gen-
erating device and said other] second [electrodes] electrode
of each of said first capacitor, said second capacitor and said
third capacitor being connected at a node with which said
pair of MOS transistors are connected.

3. A substrate bias generating device as set forth in claim

1, wherein; said signal synchronized with said external
RAS signal being delayed from said external RAS signal
and said signal synchronized with said external CAS signal
being delayed from said external CAS signal.

4. A substrate bias generating device as set forth in claim

1, wherein; a plurality of said charge pump circuits of
RAS line and said charge pump circuits of CAS line are
provided therein.
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