
PATENT SPECIFICATION    (11) 1538 727 (21) Application No.. 37864/76   (22)
Filed 13 Sept.. 1976 (31) Convention Application No. 50/113269 (32) Filed
19 Sept. 1975 in (33) Japan (JP) (44) Complete Specification published 24
Jan. 1979 (51) INT CL[err] H03K 17/00 (52) Index at acceptance H3T  IPX 2E
2T3F 3F1 4D 4E2N 5E G (54) IMPROVEMENTS IN OR RELATING TO AUTOMATIC POWER
SUPPLY OPERATED RESETTING CIRCUITS FOR USE IN CONNECTION WITH ELECTRON
TIMEPIECES, CALCULATORS AND OTHER DIGITAL APPARATUS (71)   We, KABUSHIKI
KAISHA           Hitherto conventional digital electronic SUWA SEIKOSHA, a
Japanese Company  apparatus, such for example, as digital of 34, 4-chome,
Ginza, Chuo-ku, Tokyo,  electronic timepieces, using in. their Japan, do
hereby declare the invention, for  circuitry semiconductor integrated
circuits  50 5  whichwepraythatapatentmaybegranted   monolithically
constituted   by to us, and the method by which it is to be  complementary
field effect transistors (C- performed, to be particularly described in
MOS-FET) incorporated in a C-MOS and by the following statement:-
structure and arranged to occupy a This invention relates to automatic
minimum of space, have not usually been  55 10  power supply operated
re-setting circuits  provided with means for resetting the whole (these are
usually called "Power-on-Reset"  circuitry automatically at the time power
is (POR) circuits, though they are also  switched on. As a result (as
already stated) known  as "Power-on-clear circuits")  factory testing and
inspection takes an which, on the supply of operating power  undesirably
long time and this makes for  60 15  automatically reset or clear flip-flop
increased cost, and also users, when they memory or other circuits in a
digital  switch on, are apt to think the apparatus is apparatus to which a
POR circuit is fitted.  out of order, which is a nuisance. The main A  POR
circuit ensures that the digital  reason why POR circuits have in general,
apparatus to which it is fitted starts  not been fitted to digital
apparatus of the  65 20  operating correctly when power is switched
foregoing nature is that known POR on. Were it not for a POR circuit,
digitial  circuits cannot be readily incorporated into apparatus would be
liable to display a  semiconductor integrated  circuits meaningless figure
or character or  monolithically constituted with C-MOS combination thereof
when power is first  transistors. An important object of this  70 25
supplied to it. Thus is not only a defect from   invention is to.. overcome
this difficulty. the user's point of view since it tends to    According to
this invention there is make him think the apparatus is out of  provided,
in a digital apparatus employing order, but is also a serious defect from
the  in its circuitry MOS field transistors in a manufacturing viewpoint
because it  semiconductor integrated structure, a  75 30  increases
difficulty of a time spent in  power-on-reset circuit (POR) which is
examining and testing the functioning of  included in the integrated
circuit structure digital apparatus at the factory.      and which utilises
parasitic capacitance in The invention seeks to provide improved  that part
of the POR circuit which detects simple and reliable POR circuits which
lend   change of voltage in the power supply  80 35  themselves to
embodiment in integrated   voltage and. produces therefrom are-setting
circuit (IC) and monolithic construction   pulse when power is applied'
said POR and may therefore be made very small and   circuit including an
inverter comprising two compact. The achievement of this object  field
effect transistors of opposite makes the  invention  particularly
conductivity types and having a common  85 40  advantageously applicable to
POR circuits  drain connection and a common gate in electronic timepieces
(and especially   connection, a normally- open switch electronic watches,
since there is so little  connected at one end to the common gate space
available in such watches) and pocket  connection and at the other to a
first or table digital calculators. though the  terminal to which one
potential is applied  90 45 invention is not limited to its application to
and from which potential is applied to the 



these particular digital devices.      source of one transistor a
connecting    2                                       1,538,727
2 circuit between said other end of said switch the voltage e across the RC
circuit switch and a second terminal to which  follows the (idealised)
curve shown in the another potential is applied and from which  upper part
of the accompanying Figure 2, potential is applied to said source of said
while the voltage v exhibits .a transient 5  second transistor, capacitance
including  change as shown by the lower part of  70 that. of a condenser
and stray capacitance  Figure 2 and is available for use as a re- across
it, connected between said second  setting pulse to re-set the digital
apparatus with terminal and  said  common  drain   which the POR circuit is
associated to its connection and a connection for taking off  correct
initial state. However, in the case of 10  a POR re-setting pulse from said
common  integrated circuitry, the process of resetting   75 drain
connection, the whole circuit being so  when power is switched on becomes
dimensioned that the total capacitance  complicated because of effects such
as between said common drain connection  chatter and effects due to
parasitic and said first terminal is small in relation to  capacitance. If
the change in the supply 15  that between said common drain  voltage e is
taken as given by:-                 80 connections and said second
terminal.: Said connecting. circuit may include a              [err]
(1) further field effect transistor with its source connected to the source
of said second  where [err] is the time constant of the fall of 20
transistor, its drain connected to the  supply voltage on switching on and
[err], common gate connection and its gate  then, in order to satisfy the
requirements of connected to said first terminal.        the POR circuit
the change in v of the  85 Said first terminal may be connected to  circuit
of  Figure 1 is given by:- the source of said one transistor. through a 25
resistance additional to that provided by said one. transistor and said
additional                   [err] resistance may be provided by an
additional field effect transistor. Two additional transistors may be
(2) 30   provided one in series between said first terminal and the source
of, said one  where r and care the values of the elements transistor and
the other in series between  so referenced in Figure 1.             90 said
second terminal and the source of said    In order to obtain a. pulse of
sufficient second..transistor.                    width and amplitude to be
satisfactory for 35    The invention is illustrated in and further;  use as
the reset pulse, the explained  in connection  with the
[err]                       (3) accompanying drawings, in which- Figure  I
is a theoretical circuit  must be satisfied.                   .       .95
representative of the principle of a POR   If, however, a POR  circuit is.
to be 40  circuit,                                  monolithically
constructed, account must Figures  3  and  5  illustrate  be taken of the
fact that .there will be diagrammatically two embodiments of the
substantial parasitic capacitance to earth or invention, and.
frame on both sides of the power source. 100 Figures 2 and 4 are graphical
Figures  Because of this, the relation which must be 45  related to the
operation of Figures 1 and 3  satisfied if a reliably functioning
re-setting respectively.                           pulse is to be obtained
becomes In order automatically to bring a digital system to its correct
initial state-i.e. the         [err]        (4) state in which it should be
at the time power 50  is switched on if it is to start working  where Cp is
the parasitic capacitance on  105 properly-it is necessary to generate. a
the side of the supply source connected to resetting pulse by utilizing a
voltage level  the resistance end of the series RC circuit change which
occurs at the instant power is  and Cn .is the parasitic capacitance on the
first switched on, since the voltage level of  other side of. the supply.
Ce is additional 



55  the power supply after power is on is pre-  capacitance which, as will
be seen later 110 determined and fixed. The accompanying  when the present
invention comes to be Figure I is a theoretical reprensentation of
described may be added in parallel with C. a known POR circuit which does
this. It  If C[err] is not itself large enough substantially comprises a
series capacity-resistance (CR)  to  satisfy  equation  (4). Additional 60
circuit comprising a condenser C and a  capacitance. C, necessary.
substantially to  115 resistance r connected across another series  satisfy
equation (4) may be obtained in the circuit consisting of a power supply or
process of forming the gate of a C-MOS. voltage Eo and a switch SW the said
switch. Once more. anticipating the description of SW  being one which is
closed when the  the invention, in carrying out the said in- 65  power is
switched on. On closure of the  vention the sum [err] may be only about 120
3                                    1,538,727
3 10pF or so but, nevertheless, this  per part the way in which V  changes
when capacitance, small as it is, is of great impor-  power is switched on
and, in its lower part, tance. in securing good operation of the C-  the
transient pulse, used for resetting, MOS POR circuit. The time constant
[err] is  which is produced. The curves of Figure 4 5  dependent on the
product rxC but to ob-  are  charging  curves obtained  in  70 tain a
required time constant it is better to  dependence  on  the  volt/ampere
increase C rather than r.                characteristics of the MOS
transistors and The  requirements for a good C-MOS   result in a somewhat
greater reset pulse POR circuit in accordance with this inven-  width than
do the idealised curves of Figure 10  tion are not difficult to satisfy. As
regards  2.                                   75 self capacitance in a MOS.
IC the junction    Another embodiment of the invention is capacitance is
the largest per unit area after  shown in Figure 5. This has two additional
the  gate  capacitance. The junction   resistance providing CMOS
transistors T[err] capacitance in an N type diffusion area is  and T[err]
providing series resistances of 15  about twice the corresponding
capacitance  values r[err] and r[err] respectively, inserted at  80 in a P
type diffusion area. Therefore N type  opposite ends of the inverter
constituted by diffusion may be used, as far as posible, for  transistors
T[err], T[err]. The MOS resistance r[err] the crossunders of the system
reset circuit.  has the effect of increasing the time By "crossunders" is
meant the diffusion   constant rl (Ce+Cn) and helps to secure a 20  layer
which can pass through the metallic  good pluse width at SSR by its effect
on the  85 wiring used for the mutual wiring in a C-  operating
characteristic  of the  MOS MOS IC. Further, in the case of a C-MOS
transistor characteristic when the fall of IC  constituted by counters
which are dis-  voltage V[err] at the time power is switched on posed in
series and which are reset by the  is small. It also improves matters if
there is 25  POR circuit-as is the case of the digital  chatter having a
fluctuation period of  90 display of an electronic timepiece-the  several
nano seconds. The embodiment of length of the wiring and the number of
Figure 5 can be used with considerable crossunders of the system reset
circuit in-  advantage in a case in which the power crease in proportion to
the size of the IC.  source which drives the digital system of for 30
Accordingly, the larger the size of the in-  example a conventional liquid
crystal  95 tegrated circuit the more advantageous is  display quartz
crystal wristwatch comprises the utilization of parastic capacitance.  a
main power source proper and a booster Figure 3 shows one embodiment of the
circuit driven by a pulse output generated invention. Fundamentally the CR
circuit in  from an oscillation circuit driven by said 35  the POR circuit
of Figure 3 could be  main power source, for example, a  100 represented by
the theoretical circuit of  Cockcroft-Walton circuit. If the threshold
Figure 1. Figure 4 shows response wave  voltage of the MOS resistance
r[err] is chosen forms obtained with Figure 3. In Figure 3,  higher than
the main power source voltage, however, the CR circuit is composed of r
there is obtained a POR  circuit of 40  and the capacitance (Ce+Cn). Ce is
the ad-  extremely good operating reliability, for, if 105 ditional
capacitance already mentioned and  this is done, the POR circuit and the
which is added deliberately to satisfy ex-  associated circuitry may be
regarded as, pression (4) about the value of C. alone is  and are, in
effect, driven by the said booster not enough to satsify said expression.
The  circuit. This is because there is an interval 



45  resistance r (of Figure 1) includes the chan-  between the time the
oscillation circuit 110 nel resistance of the transistor T[err] in Figure
receives power and the time it starts to 3-it may be wholly constituted by
it-and  oscillate and also an interval until the the resistance r (of
Figure 3) and the two  boosting voltage necessary for the booster
transistors T[err] and T[err] (together with the  circuit to bring the MOS
resistance r[err] on 50  capacitances across the latter) provide the  the
ON state is supplied to the POR circuit, 115 RC circuit r and C of the
theoretical circuit  and the sum of these time intervals is much of Figure
1. In order to obtain required  longer than the time required for the MOS
resistance values the P channel transistor  transistor to operate. may be
smaller than the N channel tran-                  .     . 55  sistor. As
will be seen the two transistors    The purpose of the MOS resistance
r[err] is together form an inverter. The reset pulse  to help balance the
inverter and improve  120 voltage (v in Figure 1) appears between the  the
signal/noise ratio. re-set pulse terminal SSR and earth in    As will now
be seen, the effective use of Figure 3. The channel resistance of the
parasitic capacitance such as wiring 60   MOS transistor R is provided for
the falling  capacitance enables the invention to gate potentials of the
transistors T[err] and T[err],  provide a very simple POR  of high  125
which normally fall towards V[err]. Switch SW   reliability. Various
modifications of the is for performing manual reset. Figure 4,  embodiments
illustrated are possible. For the references in which correspond with the
example, the embodiment of Figure 3 can 65  same reference in Figure 3,
shows. in its up-  be made more sure in operation by adding    4
1,538,727                                      4 an external capacitor in
parallel with the  that between  said  common. drain switch SW.
connection and said second terminal. 2. Apparatus as -claimed in Claim  1
40 WHAT WE CLAIM  IS:-                     wherein said connecting circuit
includes a 1. In a digital apparatus employing in its  further field effect
transistor with its- source 5   circuitry MOS field effect transistors in a
connected to the source of said second semi-conductor integrated  circuit
transistor, its drain connected to the structure, a power-on-reset circuit
(POR)  common gate connection and its gate  45 which is included in the
integrated circuit  connected to said first terminal. structure  and  which
utilises parasitic    3. An apparatus as -claimed in Claim I or 10
capacitance in that part of the POR circuit  2 wherein said first terminal
is connected to which detects change of voltage in the  the source of said
one transistor through a power supply  voltage and produces  resistance
additional to that provided by  50 therefrom a resetting pulse when power
is  said one transistor. applied, said POR circuit including an    4. An
apparatus as claimed in Claim 3 15  inverter comprising two field  effect
wherein  said  additional resistance  is transistors of opposite
conductivity types  provided  by an additional field effect and having a
common drain connection and  transistor.                                55
a common gate connection, a normally    5. An apparatus as claimed in Claim
I or open switch connected at one end to the  2 wherein two additional
transistors are 20   common gate connection and at the other  provided one
in series between said first to a first terminal to which one potential is
terminal and the source of said one applied and from which potential is
applied  transistor and the other in series-between   60 to the source of
one transistor, a connecting  said second terminal and the source of said
circuit betweeen said other end of said  second transistor. 25  switch and
a second terminal to which    6. POR circuits substantially as herein
another potential is applied and from which  described with reference to
Figures 3 and 5 potential is applied to. said source -of said  of the
accompanying drawings.         65 second transistor, capacitance including
7. A digital electronic timepiece having a that of a condenser and stray
capacitance  POR  circuit as claimed in any of the 30  across it connected
between said second  preceding claims. terminal and said common drain
connection, and a connection for taking off          J. MILLER & CO., a POR
.re-setting pulse from said common          Agents for the Applicants, 



drain connection, the whole circuit being         Chartered Patent Agents,
35  so dimensioned that the total capacitance              Lincoln House,
between said common drain connection              296-302 High Holborn, and
said first terminal is small in relation to     London, WCIV 7JH. Printed
for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa.
1979 Published by The Patent Office, 25 Southampton Buildings, London, WC2A
lAY, from which copies may be obtained.    4
1.538.727                                      4 an external capacitor in
parallel with the  that between  said  common  drain switch SW.
connection and said second terminal. 2. Apparatus as claimed in Claim  1
40 WHAT WE CLAIM  IS:-                     wherein said connecting circuit
includes a 1. In a digital apparatus employing in its  further field effect
transistor with its source 5   circuitry MOS field effect transistors in a
connected to the source of said second semi-conductor integrated  circuit
transistor, its drain connected to the structure,. a power-on-reset circuit
(POR)  common gate connection and its gate  45 which is included in the
integrated circuit  connected to said first terminal. structure  and which
utilises parasitic    3. An apparatus as claimed in Claim I or 10
capacitance in that part of the POR circuit  2 wherein said first terminal
is connected to which detects change of voltage in the  the source of said
one transistor through a power supply  voltage and produces  resistance
additional to that provided by  50 therefrom a re-setting pulse when power
is  said one transistor. applied, said POR  circuit including an    4. An
apparatus as claimed in Claim 3 15  inverter comprising  two field effect
wherein  said  additional resistance  is transistors of opposite
conductivity types  provided  by an  additional field effect and having a
common drain connection and  transistor.                               55 a
common gate connection. a normally    5. An apparatus as claimed in Claim I
or open switch connected at one end to the  2 wherein two additional
transistors are 20  common gate connection and at the other. provided one
in series between said first to a first terminal to which one potential is
terminal and the source of said one applied and from which potential is
applied  transistor and the other in series between   60 to the source of
one transistor. a connecting  said second terminal and the source of said
circuit betweeen said other end of said  second transistor. 25  switch and
a second terminal to which    6. POR circuits substantially as herein
another potential is applied and from which  described with reference to
Figures 3 and 5 potential is applied to said source of said  of the
accompanying drawings.          65 second transistor, capacitance including
7. A digital electronic timepiece having a that of a condenser and stray
capacitance  POR  circuit as claimed in any of the 30  across it connected
between said second  preceding claims. terminal and said common drain
connection. and a connection for taking off         J. MILLER & CO., a POR
re-setting pulse from said common          Agents for the Applicants, drain
connection, the whole circuit being         Chartered Patent Agents, 35  so
dimensioned that the total capacitance              Lincoln House. between
said common drain connection              296-302 High Holborn, and said
first terminal is small in relation to     London, WCIV 7JH. Printed for
Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1979
Published by The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    


