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Description

[0001] This invention pertains to a latch circuit for use
in semiconductor integrated circuits.
[0002] There have been demands for down-sized,
lightweight electric appliances. Generally portable elec-
tric appliances for personal use are battery-powered. As
the battery size becomes smaller the electric appliance
becomes down-sized and lightweight. Therefore, de-
creasing the battery size requires low-power electronic
circuit sections and mechanism sections. The semicon-
ductor industry is thus now trying to produce low-power
semiconductor integrated circuit devices.
[0003] Especially a low-power analog-to-digital con-
verter for processing of video signals for use by portable
video cameras is demanded. Therefore, for the purpose
of accomplishing low power dissipation, a chopper in-
verter amplifier is often used in analog-to-digital (A/D)
converters.
[0004] Japanese Patent Application, published under
Pub. No. 63-80617, shows an A/D converter. A compa-
rator is made up of a chopper inverter amplifier and a
latch circuit that is located at a stage after the chopper
inverter amplifier. This latch circuit includes two invert-
ers (the first- and second-stage inverters) connected in
series, an input switch connected between an input ter-
minal of the first-stage inverter and an output terminal
of the chopper inverter amplifier, and a feedback switch
connected between the input terminal of the first-stage
inverter and an output terminal of the second-stage in-
verter.
[0005] FIGURE 17 illustrates a conventional latch cir-
cuit structure. 51 is an external input terminal. 52 is a
first inverter. 53 is a second inverter. 54 is an external
output terminal. An input switch S1 is made up of a
PMOS 55a and an NMOS 55b. A feedback switch S2 is
made up of a PMOS 56a and an NMOS 56b. Whereas
a control voltage Vφ is applied to a gate of the PMOS
55a and to a gate of the NMOS 56b, a control voltage
/Vφ that is an inversion of the control voltage Vφ is ap-
plied to a gate of the NMOS 55b and to a gate of the
PMOS 56a.
[0006] If Vφ is HIGH, then /V0 is LOW. Both the PMOS
55a and the NMOS 55b go into the nonconducting state,
and the input switch S1 turns off. Meanwhile, both the
PMOS 56a and the NMOS 56b go into the conducting
state, and the feedback switch S2 turns on. This period
is called a feedback period. If Vφ is LOW, then /Vφ be-
comes HIGH. The PMOS 55a and the NMOS 55b each
go into the conducting state, and the input switch S1
turns on. On the other hand, the PMOS 56a and the
NMOS 56b each go into the nonconducting state, and
the feedback switch S2 turns off. This period is called a
sampling period. In the FIGURE 17 latch circuit, the in-
put switch S1 and the feedback switch S2 make their
transition at the same time.
[0007] If Vin (the voltage applied at the external input
terminal 51) is greater than Va (the first inverter's 52

threshold voltage) at the end of a sampling period, then
an output voltage of the second inverter 53 is fed back
in a positive feedback manner to become VDD (the sup-
ply voltage) in a feedback period. If Vin is lower than Va
at the end of a sampling period, then an output voltage
of the second inverter 53 is fed back in a positive feed-
back manner to become VSS (the ground voltage) in a
feedback period.
[0008] A conventional latch circuit, however, presents
the following problems.
[0009] The inventors of the present application found
that in actual latch circuit operations a phenomenon that
the input switch S1 and the feedback switch S2 simul-
taneously have an on state occurs resulting in impeding
high-speed, high-accuracy latch circuit operations.
[0010] The aforesaid phenomenon is explained in de-
tail. FIGURE 18 shows the operation of the input switch
S1 as well as the operation of the feedback switch S2.
As seen from FIGURE 18, V0 remains HIGH until time
t1, which is to say, the latch circuit is in a feedback pe-
riod. Suppose Vφ begins making a HIGH→LOW transi-
tion at time t1 and the latch circuit holds VDD in a feed-
back period.
[0011] Applied at terminals of the input switch S1 are
Vin applied at the external input terminal 51 and VDD held
by the latch circuit. As shown in a graph (the above one)
of FIGURE 18, the PMOS 55a of the input switch S1
conducts when Vφ becomes lower than VDD by Vtp (the
threshold voltage), and the NMOS 55b of the input
switch S1 conducts when /V0 becomes greater than Vin
by Vtn (the threshold voltage).
[0012] Applied at the terminals of the feedback switch
S2 is VDD held by the latch circuit. As shown in a graph
(the below one) of FIGURE 18, the PMOS 56a of the
feedback switch S2 goes into the nonconducting state
when /Vφ becomes lower than VDD by Vtp, and the
NMOS 56b of the feedback switch S2 remains noncon-
ducting because it is impossible for Vφ to become great-
er than VDD by Vtn.
[0013] Accordingly, at the time when a feedback-
→sampling transition is made, there is a period during
which both the input switch S1 and the feedback switch
S2 simultaneously have an on state. Likewise at the time
when a sampling→ feedback transition is made, there
is a period during which both the input switch S1 and
the feedback switch S2 simultaneously have an on
state.
[0014] The operation of the latch circuit is shown in
FIGURE 19. The FIGURE 19 latch circuit has the first
inverter 52, the second inverter 53, and the input switch
S1, and the feedback switch S2. 61 is a preceding-stage
amplifier. As shown in FIGURE 19, there exists a first
transitional period during which both the input switch S1
and the feedback switch S2 have an on state at the
same time when there is made a feedback→sampling
transition, while there exists a second transitional period
during which both the input switch S1 and the feedback
switch S2 have an on state at the same time when there
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is made a sampling→feedback transition.
[0015] The presence of the first transitional period
produces some problems. FIGURE 20 is a graph show-
ing changes in the output voltage of the amplifier 61 in
the first transitional period. The amplifier's 61 output
voltage is represented by solid line and the second in-
verter's 53 output voltage is represented by dot-dash
line. Va is the first inverter's 52 threshold voltage.
[0016] If in the feedback period the latch circuit holds
VDD, then the second inverter's 53 output voltage is VDD.
Suppose the amplifier 61 outputs a voltage of Vin that is
slightly lower than Va. In the first transitional period, both
the input switch S1 and the feedback switch S2 each
have an on state, as a result of which the amplifier's 61
output voltage is driven to the second inverter 53 to go
up to near VDD. In the sampling period, the feedback
switch S2 turns off, so that the amplifier's 61 output volt-
age is again driven to Vin. However, the amplifier's 61
output voltage has been increased to near VDD in the
first transitional period, so that it needs a period of time
known as the settling time to become Vin again.
[0017] If a next feedback operation is performed dur-
ing the settling time, then the latch circuit is likely to hold
VDD although Vin was lower than Va. This prolongs the
length of the sampling period because the settling time
must be included therein. More specifically, 10-15 ns is
required, thereby producing a bar to high-speed latch
circuit operations.
[0018] The presence of the second transitional peri-
od, too, produces some problems. FIGURE 21 is a
graph showing changes in the input voltage of the first
inverter 52 in the second transitional period. The first
inverter's 52 input voltage is represented by solid line
and the second inverter's 53 output voltage is represent-
ed by dot-dash line. Va is the first inverter's 52 threshold
voltage.
[0019] If in the sampling period the first inverter's 52
output voltage changes from a certain voltage level be-
low Va to a higher level, the second inverter's 53 output
voltage changes with a delay with respect to the first
inverter's 52 input voltage. If the latch circuit goes into
the second transitional period when the first inverter's
52 input voltage exceeds Va and when the second in-
verter's 53 output voltage is below Va, both the input
switch S1 and the feedback switch S2 have an on state
and the first inverter's 52 input voltage is driven to the
second inverter 53 to become lower than Va.
[0020] Accordingly the latch circuit comes to hold VSS
in the feedback period although the first inverter's 52 in-
put voltage was higher than Va at the end of the sam-
pling period. The accuracy of latch circuit operation is
reduced.
[0021] US-A-4 691 122 describes a CMOS D-type
flip-flop stage consisting of a master and a slave section.
Each section includes an input switch and an inverting
amplifier connected in series. A feedback switch and a
further inverting amplifier are provided in each section
to perform a feedback operation. The input and feed-

back switch of a section are controlled by separate clock
signals such that the input and feedback switch do not
have a simultaneous on-state.
[0022] A charge balancing comparator is described in
US-A-4 547 683. Gain stages are provided with a switch
connected between an input node and an output node
of the gain stage. By closing the switch, the nodes are
brought to a predetermined voltage value.
[0023] It is an object of the present invention to pro-
vide an improved latch circuit.
[0024] This object is achieved by the features of claim
1.
[0025] In accordance with this latch circuit, it is ar-
ranged such that the first and second switch means do
not have at the same time an on state. This eliminates
a period for the noninverting amplifier to drive a voltage
coming in from the external input terminal. Input voltage
disturbance occurring in a conventional latch circuit can
be controlled thereby improving the rate and accuracy
of latch circuit operation.
[0026] In the above-described latch circuit, the nonin-
verting amplifier comprises an even number of inverting
amplifiers connected in series.
[0027] The latch circuit includes a capacitor with two
terminals, one of which being connected to an input ter-
minal of a last-stage inverting amplifier of the inverting
amplifiers and the other of which being connected to an
output terminal of the last-stage inverting amplifier. The
provision of the capacitor reduces the effect of the op-
eration of a circuit located at a stage after the latch cir-
cuit, and voltage transition disturbance in a latch circuit
feedback operation can be controlled.

FIGURE 1 is a block diagram outlining a structure
of a first latch circuit useful for the understanding of
the present invention.

FIGURE 2, comprised of FIGURES 2a, 2b, 2c, and
2d, shows structural elements of the first latch cir-
cuit of FIGURE 1, wherein FIGURE 2a shows a de-
lay circuit, and FIGURE 2b shows a switch device,
and FIGURE 2c shows a drive circuit, and FIGURE
2d shows a composite gate.

FIGURE 3 is a circuit diagram showing an embod-
iment of the first latch circuit.

FIGURE 4 is an input/output signal timing diagram
for a composite gate included in the first latch circuit.

FIGURE 5 is a timing diagram useful in understand-
ing the operation of a latch section of the first latch
circuit.

FIGURE 6 is a graph showing changes in the volt-
age applied at an external input terminal, in the op-
eration of the latch section of the first latch circuit.
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FIGURE 7 illustrates an embodiment of a second
latch circuit useful for the understanding of the
present invention.

FIGURE 8 is an input/output signal timing diagram
for a composite gate included in the second latch
circuit.

FIGURE 9 is a timing diagram useful in understand-
ing the operation of a latch section of the second
latch circuit.

FIGURE 10 is a graph showing changes in the volt-
age applied at an external input terminal, in the op-
eration of the latch section of the second latch cir-
cuit.

FIGURE 11, comprised of FIGURES 11a and 11b,
shows structural elements of a third latch circuit
useful for the understanding of the present inven-
tion, wherein FIGURE 11a shows a composite gate
and FIGURE 11b shows a delay circuit.

FIGURE 12 shows an embodiment of the third latch
circuit.

FIGURE 13 is an input/output signal timing diagram
for a composite gate included in the second latch
circuit.

FIGURE 14 is a timing diagram useful in under-
standing the operation of a latch section of the third
latch circuit.

FIGURE 15 illustrates a latch section of a fourth
latch circuit useful for the understanding of the
present invention.

FIGURE 16 illustrates a latch section of a fifth latch
circuit in accordance with the present invention.

FIGURE 17 is a circuit diagram showing a conven-
tional latch circuit structure.

FIGURE 18 shows the operation of an input switch
as well as the operation of a feedback switch in a
conventional latch circuit.

FIGURE 19 is a diagram showing the operation of
a conventional latch circuit.

FIGURE 20 is a graph showing changes in the out-
put voltage of an amplifier 61 in the operation of a
conventional latch circuit.

FIGURE 21 is a graph showing changes in the input
voltage of a first inverter 52 in the operation of a
conventional latch circuit.

[0028] In the following description, a latch circuit in ac-
cordance with the present invention comprises an in-
verter, a switch, a logical circuit, a delay circuit, and the
like. An inverter is formed by a circuit which takes in a
positive voltage and puts out a negative one, or vice ver-
sa such as a CMOS inverter, an E/D inverter, and an
NMOS inverter. A switch is formed by a CMOS switch,
an NMOS switch, or a PMOS switch.
[0029] Referring now to the drawing figures, preferred
embodiments of the present invention are described be-
low.
[0030] FIGURE 1 outlines a first latch circuit useful for
the understanding of the present invention. The first
latch circuit has a latch section 12 formed by an external
input terminal 1, a first inverter 2, a second inverter 3,
an external output terminal 4, an input switch S1 as a
first switch means, and a feedback switch S2 as a sec-
ond switch means. The first and second inverters 2 and
3 together form a noninverting amplifier 5. The input
switch S1 is connected between the external input ter-
minal 1 and an input terminal of the first inverter 2. When
the input switch S1 has an on state, an input voltage
applied at the external input terminal 1 is fed to the first
inverter 2. The first inverter 2 is associated with the input
switch S1 and acts as an amplifier for input voltage in-
verting amplification. The second inverter 3 is connect-
ed in series to the first inverter 2 and acts as an amplifier
for inversion-amplifying an output voltage of the first in-
verter 2. The feedback switch S2 is connected between
the input terminal of the first inverter 2 and an output
terminal of the second inverter 3. When the feedback
switch S2 has an on state, an output voltage of the sec-
ond inverter 3 is fed back in a positive feedback manner
to the first inverter 2 via the feedback switch S2. The
external output terminal 4 is an output terminal at which
an output voltage of the second inverter 3 is put out to
outside the latch circuit.
[0031] Additionally the first latch circuit has a control
section 11 comprising a first drive circuit 6, a second
drive circuit 7, a composite gate 8 as a signal generation
means, a delay circuit 9, and a signal input terminal 10.
Whereas the first drive circuit 6 is operable to turn on or
off the input switch S1, the second drive circuit 7 is op-
erable to turn on or off the feedback switch S2. The com-
posite gate 8 accepts a signal from the signal input ter-
minal 10 and a signal from the delay circuit 9 and per-
forms a logical operation on the signals received. The
signal input terminal 10 is an input terminal for accepting
a basic clock signal based on which each operation pe-
riod of the latch section 12 is determined.
[0032] FIGURE 2a is a circuit diagram depicting an
example of the delay circuit 9. As shown in the figure,
the delay circuit 9 is made up of a first-stage inverter 14
and a second-stage inverter 15 connected together in
series. A sum of the time taken for a pulse to traverse
the inverter 14 and the time taken for a pulse to traverse
the inverter 15 is the delay circuit's 9 delay time. Since
the number of inverters to be connected in series is de-
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signed to be even, a signal taken in at an input terminal
13 and a signal put out at an output terminal 16 have
the same polarity.
[0033] FIGURE 2b is a circuit diagram showing an ex-
ample of the switch S1 (S2). Since the input switch S1
and the feedback switch S2 are identical in configuration
with each other, only the input switch S1 is described
here. As shown in FIGURE 2b, the input switch S1 is a
transmission gate formed by a PMOS transistor and an
NMOS transistor. The input switch S1 has input termi-
nals 17, 18 and control terminals 19, 20. The FIGURE
2b switch is turned on or off by control signals applied
at the control terminals 19 and 20.
[0034] FIGURE 2c is a circuit diagram showing an ex-
ample of the drive circuit 6 (7). Since the drive circuits
6 and 7 are identical circuits, only the drive circuit 6 is
described here. As shown in FIGURE 2c, the drive cir-
cuit 6 is formed by an in-series connection path consist-
ing of five inverters connected in series and a branch
path consisting of three inverters connected in series
and branching off at the output side of a first-stage in-
verter of the in-series connection path. The drive circuit
6 has an input terminal 21, an inverting output terminal
22, and a noninverting output terminal 23. If a signal,
taken in at the input terminal 21, is transmitted through
the in-series connection path, an inverting signal is put
out at the inverting output terminal 22. On the other
hand, if a signal is transmitted first through the first-
stage inverter and then through the branch path, a non-
inverting signal is put out at the noninverting output ter-
minal 23. These noninverting and inverting signals are
applied as control signals to the terminals 19 and 20 of
the FIGURE 2b switch, respectively.
[0035] FIGURE 2d is a circuit diagram showing an ex-
ample of the composite gate 8. As shown in FIGURE
2d, this composite gate 8 is made up of a first NAND
gate with two input terminals associated with a terminal
I1, a first inverter which is connected to a stage after the
first NAND gate and which has an output terminal asso-
ciated with a terminal O1, a second NAND gate with two
input terminals respectively associated with the terminal
I1 and a terminal I2, and a second inverter which is con-
nected to a stage after the second NAND gate and which
has an output terminal associated with a terminal O2.
[0036] FIGURE 3 is an embodiment of the first latch
circuit. This embodiment is implemented employing the
FIG. 2a delay circuit, the FIG. 2b switch, the FIG. 2c
drive circuit, and the FIG. 2d composite gate.
[0037] In the latch section 12, the terminal 17 of the
input switch S1 is connected to the external input termi-
nal 1 and the terminal 18 thereof is connected to the
input terminal of the noninverting amplifier 5. The termi-
nal 17 of the feedback switch S2 is connected to the
input terminal of the noninverting amplifier 5 and the ter-
minal 18 thereof is connected to the output terminal of
the noninverting amplifier 5.
[0038] In the control section 11, the input terminal 13
of the delay circuit 9 is connected to the signal input ter-

minal 10. The terminal I1 of the composite gate 8 is con-
nected to the signal input terminal 10 and the terminal
I2 is connected to the output terminal 16 of the delay
circuit 9. The terminal O1 of the composite gate 8 is con-
nected to the input terminal 21 of the second drive circuit
7 and the terminal O2 thereof is connected to the input
terminal 21 of the first drive circuit 6. The inverting output
terminal 22 of the first drive circuit 6 is connected to the
terminal 19 of the input switch S1 and the noninverting
output terminal 23 thereof is connected to the terminal
20 of the input switch S1. The inverting output terminal
22 of the second drive circuit 7 is connected to the ter-
minal 20 of the feedback switch S2 and the noninverting
output terminal 23 thereof is connected to the terminal
19 of the feedback switch S2. The internal organization
of each of the first drive circuit 6, the second drive circuit
7, and the composite gate 8 is not shown in FIGURE 3.
[0039] The operation of the first latch circuit is ex-
plained by making reference to FIGURES 4 and 5.
[0040] FIGURE 4 is an input/output signal timing dia-
gram for the composite gate 8. A basic clock signal is
directly applied to the terminal I1 of the composite gate
8 from the signal input terminal 10. This basic clock sig-
nal is also indirectly applied to the terminal I2 of the com-
posite gate 8 via the delay circuit 9. In other words, the
terminal I2 accepts a delayed clock signal that is de-
layed by means of the delay circuit 9 a specific amount
with respect to the basic clock signal. The composite
gate 8 puts out at the terminal O1 a first signal identical
in waveform with the basic clock signal. The composite
gate 8 further puts out at the terminal O2 a second signal
that is delayed only in the rising timing with respect to
the first signal.
[0041] The first drive circuit 6 generates from a signal
from the terminal O2 of the composite gate 8 a nonin-
verting signal and an inverting signal, for on-off control-
ling of the input switch S1. Likewise the second drive
circuit 7 generates from a signal from the terminal O1 of
the composite gate 8 a noninverting signal and an in-
verting signal, for on-off controlling of the feedback
switch S2.
[0042] FIGURE 5 is a timing diagram showing the op-
eration of the latch section 12. As shown in FIGURE 5,
the latch section 12 is characterized in that there is es-
tablished a separation period between a feedback peri-
od and a sampling period, during which both the input
switch S1 and the feedback switch S2 have an off state.
[0043] In the sampling period, the input switch S1 has
an on state while on the other hand the feedback switch
S2 has an off state. In this situation, the first inverter 2
takes in a voltage, applied at the external input terminal
1, as its input voltage. The first inverter 2 inversion-am-
plifies this input voltage on the basis of Va (the threshold
voltage). This inversion-amplified voltage is further in-
version-amplified by the second inverter 3 and is put out.
A voltage that the first inverter 2 takes in and a voltage
that the second inverter 3 puts out have the same po-
larity on the basis of Va.
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[0044] In the feedback period, the input switch S1 has
an off state while the feedback switch S2 has an on
state. The on/off state of the input switch S1 and the on/
off state of the feedback switch S2 are switched simul-
taneously. Upon completion of such switching, an output
voltage of the second inverter 3 is fed back, in a positive
feedback manner, to the input terminal of the first invert-
er 2 by way of the feedback switch S2 that is now in the
on state. Because of such positive feedback, an input
voltage of the first inverter 2 and an output voltage of
the second inverter 3 are driven to the supply voltage or
ground voltage. Therefore a voltage that the external in-
put terminal 1 accepts at the end of the sampling period
is driven to the supply voltage or ground voltage on the
basis of Va (i.e., the first inverter's 2 threshold voltage),
and is put out from the external output terminal 4.
[0045] Next, the input switch S1 stays off while the
feedback switch S2 makes an on→off transition. Such
a situation where both the input switch S1 and the feed-
back switch S2 have an off state is called a separation
period. The provision of the separation period prevents
the input switch S1 and the feedback switch S2 from
simultaneously having an on state. Although a conven-
tional latch circuit produces the phenomenon that in the
feedback→sampling transition a voltage that the exter-
nal input terminal 1 accepts is driven towards a voltage
held by the second inverter 3 in the feedback period, the
present invention, as a result of the foregoing arrange-
ment, prevents the occurrence of such a phenomenon.
Additionally this enables a circuit located at a preceding
stage to the latch circuit to operate without distortion.
[0046] FIGURE 6 is a graph showing changes in the
voltage applied at the external input terminal 1 in a feed-
back→ sampling transition. In FIGURE 6, the voltage
applied at the external input terminal 1 is represented
by solid line and the voltage held by the second inverter
3 in the feedback period is represented by dot-dash line.
As seen from FIGURE 6, a voltage applied at the exter-
nal input terminal 1 is not affected by a voltage held by
the second inverter 3 in the feedback period because
there is provided a separation period. Since the settling
time can be reduced, this provides fast latch operations.
A separation period of, say, about 1.5 ns will produce
sufficient effects. Therefore the separation period can
be set much lower than the settling time (10-15 ns).
[0047] In accordance with the first latch circuit, the
control section 11, consisting of the first drive circuit 6,
the second drive circuit 7, the composite gate 8, and the
delay circuit 9, controls in an active manner the opera-
tion order of the switches S1 and S2 of the latch section
12, and a separation period is established between a
feedback period and a sampling period. This arrange-
ment not only allows a circuit located at a preceding
stage to the latch circuit to operate without distortion but
also enables high-speed latch operations.
[0048] Referring to the drawing figures, a second
latch circuit useful for the understanding of the present
invention is described below.

[0049] FIGURE 7 illustrates an embodiment of the
second latch circuit. As in the first embodiment, the sec-
ond latch circuit is made up of different circuits as shown
in FIGURE 2. Only features of the second latch circuit
are described here.
[0050] In the first embodiment (see FIGURE 3), the
terminal I1 of the composite gate 8 is connected to the
signal input terminal 10 while the terminal I2 thereof is
connected to the output terminal 16 of the delay circuit
9. In the second latch circuit, however, the terminal I2
of the composite gate 8 is connected to the signal input
terminal 10 while the terminal I1 thereof is connected to
the output terminal 16 of the delay circuit 9. With the
exception of such connection differences, the second
latch circuit is identical in configuration with the first latch
circuit. Elements in the second embodiment, which are
functionally equivalent to their counterparts of the first
embodiment, are thus assigned the same reference nu-
merals and they are not described in detail here accord-
ingly.
[0051] By making reference to FIGURES 8 and 9, how
the second latch circuit operates is explained.
[0052] FIGURE 8 is an input/output signal timing dia-
gram for the composite gate 8. As shown in FIGURE 8,
a delayed clock signal that is delayed by the delay circuit
9 for a specific amount with respect to a basic clock sig-
nal is applied to the terminal I1 of the composite gate 8.
The terminal I2 of the composite gate 8 accepts a basic
clock signal directly from the signal input terminal 10.
Thereafter the composite gate 8 provides a first signal
identical in waveform with the basic clock signal at the
terminal O1. The composite gate 8 further puts out a
second signal that is advanced only in the falling timing
with respect to the first signal, at the terminal O2.
[0053] The first drive circuit 6 generates from a signal
from the terminal O2 of the composite gate 8 a nonin-
verting signal and an inverting signal for on-off control-
ling of the input switch S1. Likewise the second drive
circuit 7 generates from a signal from the terminal O1 of
the composite gate 8 a noninverting signal and an in-
verting signal for on-off controlling of the feedback
switch S2.
[0054] FIGURE 9 is a timing diagram showing the op-
eration of the latch section 12. As shown in FIGURE 9,
the latch section 12 is characterized in that there is es-
tablished a hold period between a sampling period and
a feedback period, during which both the input switch
S1 and the feedback switch S2 have an off state.
[0055] Neither the sampling period operation nor the
feedback operation is not described here since they are
identical with their counterparts of the first embodiment.
Accordingly only the hold period operation is described.
[0056] In a sampling→feedback transition, the feed-
back switch S2 stays off while the input switch S1 makes
an on→ off transition. Such a situation where both the
input switch S1 and the feedback switch S2 are in the
off state is called a hold period. The provision of the hold
period prevents the input switch S1 and the feedback
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switch S2 from simultaneously having an on state. Al-
though a conventional latch circuit produces the phe-
nomenon that in a sampling→feedback transition a volt-
age applied at the external input terminal 1 is driven to-
wards a voltage provided by the second inverter 3 in a
sampling period, the present invention, as a result of the
foregoing arrangement, prevents the occurrence of
such a phenomenon. Additionally this enables a circuit
located at a preceding stage to the latch circuit to oper-
ate without distortion.
[0057] FIGURE 10 is a graph showing changes in the
input voltage of the first inverter 2 in a sampling→feed-
back transition. In FIGURE 10, the input voltage of the
first inverter 2 is represented by solid line and the output
voltage of the second inverter 3 is represented by dot-
dash line. In the hold period, an input voltage of the first
inverter 2 is not affected by an output voltage of the sec-
ond inverter 3, being maintained at the same level as at
the end of the sampling period. Since the first inverter 2
takes in a voltage greater than Va (i.e., the first inverter's
2 threshold voltage), this causes the second inverter 3
to provide a supply voltage in a feedback period. This
provides improvements in latch circuit operation accu-
racy.
[0058] In accordance with the second latch circuit, the
control section 11, consisting of the first drive circuit 6,
the second drive circuit 7, the composite gate 8, and the
delay circuit 9, controls in an active manner the opera-
tion order of the switches S1 and S2 of the latch section
12, and a hold period is established between a sampling
period and a feedback period. This arrangement not on-
ly enables a circuit located at a preceding stage to the
latch circuit to operate without distortion but also im-
proves the accuracy of latch circuit operation.
[0059] By making reference to the drawing figures, a
third latch circuit useful for the understanding of the
present invention is described below.
[0060] FIGURE 11a shows an example of a compos-
ite gate 8A for use in the third latch circuit. As shown in
FIGURE 11a, the composite gate 8A is composed of a
first NAND gate with two input terminals both connected
to a terminal I1, a first inverter which is connected to the
next stage after the first NAND gate and which has an
output terminal connected to a terminal O1, a second
NAND gate with two input terminals, one of which being
connected to a terminal I2 and the other being connect-
ed to a terminal I3, and a second inverter which is con-
nected to the next stage after the second NAND gate
and which has an output terminal connected to a termi-
nal O2.
[0061] FIGURE 11b shows an example of a delay cir-
cuit 9A employed in the third latch circuit. As shown in
FIGURE 11b, the delay circuit 9A is composed of a first
delay section circuit of inverters 25 and 26 connected in
series and a second delay section circuit of inverters 27
and 28 connected in series, the first and second delay
sections being connected together in series. A sum of
the time taken for a pulse to traverse the inverter 25 and

the time taken for a pulse to traverse the inverter 26 is
defined as the first delay time, and a sum of the time
taken for a pulse to traverse the inverter 27 and the time
taken for a pulse to traverse the inverter 28 is defined
as the second delay time. Since the number of inverters
to be connected in series in each of the first and second
delay section circuits is designed to be even, a signal
applied at an input terminal 24 and signals provided at
output terminals 29 and 30 are the same in polarity.
[0062] FIGURE 12 shows an embodiment of the third
latch circuit wherein FIGURE 2b switches are used as
the input switch S1 and as the feedback switch S2, FIG-
URE 2c drive circuits are used as the first drive circuit
6 and as the second drive circuit 7, a FIGURE 11a com-
posite gate is used as the composite gate 8A, and a FIG-
URE 11b delay circuit is used as the delay circuit 9A.
[0063] In the control section 11, the input terminal 24
of the delay circuit 9A is connected to the signal input
terminal 10. The terminal I1 of the composite gate 8A is
connected to the output terminal 29 of the delay circuit
9A, and the terminal I2 is connected to the signal input
terminal 10, and the terminal I3 is connected to the out-
put terminal 30 of the delay circuit 9A. The terminal O1
of the composite gate 8A is connected to the input ter-
minal 21 of the second drive circuit 7 and the terminal
O2 is connected to the input terminal 21 of the first drive
circuit 6. With the exception of such interconnection re-
lationships the second latch circuit is identical in organ-
ization with the first and second latch circuits. Elements
in the third embodiment, which are functionally equiva-
lent to their counterparts of FIGURES 1, 3, 7, are thus
assigned the same reference numerals and they are not
described in detail here accordingly.
[0064] Referring now to FIGURES 13 and 14, the op-
eration of the third latch circuit is described below.
[0065] FIGURE 13 is an input/output signal timing di-
agram for the composite gate 8A. A basic clock signal
is delayed by the first delay section circuit of the delay
circuit 9A by the first delay time, thereafter being applied
as a first delayed clock signal to the terminal I1 of the
composite gate 8A. The terminal I2 of the composite
gate 8A accepts a basic clock signal directly from the
signal input terminal 10. The first delayed clock signal
is further delayed by the second delay section circuit of
the delay circuit 9A by the second delay time, thereafter
being applied as a second delayed clock signal to the
terminal I3 of the composite gate 8A. The composite
gate 8A operates to provide a first signal identical in
waveform with the basic clock signal at the terminal O1.
The composite gate 8A further provides, at the terminal
O2, a second signal that is delayed in the rising timing
and advanced in the falling timing with respect to the
first signal.
[0066] The first drive circuit 6 generates from a signal
from the terminal O2 of the composite gate 8 a nonin-
verting signal and an inverting signal for on-off control-
ling of the input switch S1. Likewise the second drive
circuit 7 generates from a signal from the terminal O1 of
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the composite gate 8 a noninverting signal and an in-
verting signal for on-off controlling of the feedback
switch S2.
[0067] FIGURE 14 is a timing diagram showing the
operation of the latch section 12 of the third latch circuit.
As shown in FIGURE 14, the latch section 12 is charac-
terized in that there is established not only a separation
period between a feedback period and a sampling peri-
od during which both the input switch S1 and the feed-
back switch S2 have an off state but also a hold period
between a sampling period and a feedback period dur-
ing which both the input switch S1 and the feedback
switch S2 have an off state. In the sampling, feedback,
separation, and hold periods, the latch section 12 of the
third latch circuit operates in the same way that the first
and second latch circuits operate and the operation of
each period is not described here.
[0068] In accordance with the third latch circuit, the
control section 11, consisting of the first drive circuit 6,
the second drive circuit 7, the composite gate 8A, and
the delay circuit 9A, controls in an active manner the
operation order of the switches S1 and S2 of the latch
section 12, and a separation period between a feedback
period and a sampling period as well as a hold period
between a sampling period and a feedback period is
provided. This arrangement not only enables a circuit
located at a preceding stage to the latch circuit to oper-
ate without distortion but also increases the rate and ac-
curacy of latch circuit operation.
[0069] With reference to the drawing figures, a fourth
latch circuit useful for the understanding of the present
invention is now described below.
[0070] FIGURE 15 is a circuit diagram of a latch sec-
tion of the fourth latch circuit. The latch section of the
fourth latch circuit is identical in configuration with the
latch section 12 of the first latch circuit of FIGURE 1 ex-
cept that the present latch section has a capacitor C1
connected between the input and output terminals of the
first inverter 2. The capacitor C1 is provided to reduce
the degree of affection produced by a parasitic capacitor
Cs between the input terminal of the first inverter 2 and
ground. Elements of FIGURE 15, which are functionally
equivalent to their counterparts of FIGURE 1, are thus
assigned the same reference numerals and they are not
described in detail here accordingly.
[0071] The latch section of the fourth latch circuit may
find applications in any one of the first, second, and third
latch circuits. However, a case where the present latch
section is used in the second latch circuit is described
here because the effect of the capacitor C1 is demon-
strated most characteristically when employed in the
second latch circuit (see FIGURE 9).
[0072] Here Va is the first inverter's 2 threshold volt-
age and G is the voltage gain in the vicinity of Va (G <
0). In the sampling period, Vin (i.e., a voltage applied at
the external input terminal 1) is applied to one terminal
of the capacitor C1, and a voltage of G 3 (Vin - Va) + Va
is applied to the other terminal thereof. Therefore qS (i.

e. the amount of electric charge held by the capacitor
C1) is given as follows.

qSS (i.e., the amount of electric charge held by the
parasitic capacitor Cs connected between the input ter-
minal of the first inverter 2 and ground) is given as fol-
lows.

[0073] In the hold period, an input voltage of the first
inverter 2 is set to a voltage of VH. The first inverter 2
then provides a voltage of G 3 (VH - Va) + Va. The as-
provided voltage (i.e., G 3 (VH - Va) + Va) of the first
inverter 2 becomes a terminal voltage of the capacitor
C1. Therefore qSH (the amount of electric charge dis-
tributed to the capacitor C1) is given as follows.

[0074] Further qSSH (the amount of electric charge
held by the parasitic capacitor Cs) is given as follows.

Both in the sampling period and in the hold period, the
conservation of charge holds at a point where the ca-
pacitor C1 and the parasitic capacitor Cs are connected
together. Here, qf, which is the amount of electric charge
injected, at the time when a transition to a hold period
is made, into the point by charge redistribution accom-
panied with movement between power sources of ter-
minal voltages of parasitic capacitors in the switches S1
and S2, is added to a formula expressing the conserva-
tion of charge, for obtaining circuit characteristics as
close as possible to actual ones.

[0075] Formulas (1)-(4) are substituted in Formula
(5), to make an arrangement on VH. As a result of such
a substitution, the following is obtained.

[0076] In the absence of C1, C1 = 0 in the formula (6).
Therefore:

qS = C1 3 (Vin - (G 3 (Vin - Va) + Va)) (1)

qSS = Cs 3 Vin (2)

qSH = C1 3 (VH - (G 3 (VH - Va) + Va)) (3)

qSSH = Cs 3 VH (4)

qS + qSS + qf = qSH + qSSH (5)

VH = Vin + qf /(Cs + (1 - G) 3 C1) (6)
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[0077] The second terms of the right sides of the for-
mulas (6) and (7), that is, qf/(Cs + (1 - G) 3 C1) and qf/
Cs, each represent an error voltage of VH versus Vin. As
can be seen from comparing the formula (6) with the
formula (7), the presence of C1 reduces the value of er-
ror voltage. In other words, the capacitor C1 contributes
to lowering an error voltage.
[0078] In actual latch circuits, there are variations in
the parasitic capacitor Cs due to fabrication steps of the
semiconductor integrated circuit. Because of this, the
error voltage varies greatly in an actual latch circuit.
Conversely the capacitor C1 controls the parasitic ca-
pacitor Cs variation and can be formed having a greater
value than the parasitic capacitor Cs. The presence of
the capacitor C1 reduces the effect of the parasitic ca-
pacitor Cs. VH can be approximately expressed as fol-
lows.

[0079] Therefore the error voltage of the second term
of the right side becomes independent on the parasitic
capacitor Cs, whereupon the error voltage variation is
reduced.
[0080] Thereafter the latch circuit performs a feed-
back operation according to VH. In order to perform high-
accuracy operations, the error voltage must be kept as
low as possible.
[0081] In accordance with the fourth latch circuit, the
capacitor C1 is connected between the input and output
terminals of the first inverter 2. As a result of the provi-
sion of the capacitor C1, error voltage can be controlled
in the hold period, and the variation in the error voltage
due to fabrication steps of the semiconductor integrated
circuit can be controlled.

EMBODIMENT 5

[0082] A fifth latch circuit of the present invention is
now described by making reference to FIGURE 16.
[0083] FIGURE 16 shows a latch section of the fifth
latch circuit. The latch section of the fifth latch circuit is
characterized in that a capacitor C2 is connected be-
tween the input and output terminals of the second in-
verter 3 so as to prevent a circuit, located at the next
stage after the latch circuit, from affecting the latch cir-
cuit. Elements of FIGURE 16, which are functionally
equivalent to their counterparts of FIGURE 15, are thus
assigned the same reference numerals and they are not
described in detail here accordingly.
[0084] The latch section of the fifth latch circuit may

VH = Vin + qf/Cs (7)

VH = Vin + qf/((1 - G) 3 C1)

(∴ Cs << (1 - G) 3 C1) (8)

find applications either in the second latch circuit or in
the third latch circuit. However, the operation of the
present latch section is described when employed in the
first latch circuit of FIGURE 3.
[0085] The effect of the capacitor C2 characteristically
appears when the output voltage of the latch circuit
makes a transition in the feedback operation. In a circuit
consisting of the second inverter 3 and the capacitor C2,
the capacitor C2 acts as a feedback circuit network.
When a voltage, which is generated at the time when a
circuit connected to the next stage after the latch circuit
operates, appears at the external output terminal 4,
such a generated voltage is then applied to the input
terminal of the second inverter 3 via the capacitor C2
and is inversion-amplified. Because of such arrange-
ment, disturbance voltage from a stage after the latch
circuit can be prevented. This reduces the effect of the
operation of a circuit after the latch circuit with respect
to the output voltage of the latch circuit and controls volt-
age transition disturbance occurring when the latch cir-
cuit is in a feedback operation.
[0086] The latch section of the fifth latch circuit may
be used in the second or third latch circuit with the same
effect.
[0087] In accordance with the fifth latch circuit, the ca-
pacitor C2 is connected between the input and output
terminals of the second inverter 3. Such an arrangement
not only reduces the effect of the operation of a circuit
after the latch circuit with respect to the output voltage
of the latch circuit but also controls voltage transition dis-
turbance occurring when the latch circuit is in a feedback
operation and increases the accuracy of latch circuit op-
eration.
[0088] If any one of the latch circuits of the present
invention is applied to A/D converters, this improves the
performance of an A/D converter (e.g., the differential
non-linearity and the integral non-linearity).

Claims

1. A latch circuit comprising:

an external input terminal (1) for accepting a
voltage coming in from outside said latch cir-
cuit;

a noninverting amplifier(5) with an input termi-
nal and an output terminal for amplifying said
voltage in a noninverting amplification manner;

a first switch means (S1) which is connected
between said external input terminal (1) and
said input terminal of said noninverting amplifi-
er (5) and which is capable of having either an
on state for establishing a connection between
said external input terminal (1) and said input
terminal of said noninverting amplifier (5) or an
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off state for establishing a disconnection be-
tween said external input terminal (1) and said
input terminal of said noninverting amplifier (5);

a second switch means (S2) which is connect-
ed between said input terminal and said output
terminal of said noninverting amplifier (5) and
which is capable of having either an on state
for establishing a connection between said in-
put and output terminals of said noninverting
amplifier (5) or an off state for establishing a
disconnection between said input and output
terminals of said noninverting amplifier (5);

a control means (11) for controlling the on/off
state of said first switch means (S1) and the on/
off state of said second switch means (S2) in
such a way as to prevent both said first switch
means (S1) and said second switch means
(S2) from having an on state at the same time
when said first switch means (S1) and said sec-
ond switch means (S2) together make their re-
spective state transitions;

said noninverting amplifier (5) comprising an
even number of inverting amplifiers (2, 3) con-
nected in series,

characterized by
a capacitor (C2) with two terminals, one of which
being connected to an input terminal of a last-stage
inverting amplifier (3) of said even number of invert-
ing amplifiers and the other of which being connect-
ed to an output terminal of said last-stage inverting
amplifier (3).

Patentansprüche

1. Verriegelungsschaltung, die umfasst:

einen Außeneingangsanschluss (1) zum Emp-
fangen einer von außerhalb der Verriegelungs-
schaltung kommenden Spannung;

einen nicht invertierenden Verstärker (5) mit ei-
nem Eingangsanschluss und einem Ausgangs-
anschluss zum Verstärken der Spannung in ei-
ner nicht invertierenden Verstärkungsweise;

eine erste Schaltereinrichtung (S1), die zwi-
schen den Außeneingangsanschluss (1) und
den Eingangsanschluss des nicht invertieren-
den Verstärkers (5) geschaltet und imstande
ist, entweder einen Ein-Zustand zum Herstel-
len einer Verbindung zwischen dem Außenein-
gangsanschluss (1) und dem Eingangsan-
schluss des nicht invertierenden Verstärkers

(5) oder einen Aus-Zustand zum Herstellen ei-
ner Trennung zwischen dem Außeneingangs-
anschluss (1) und dem Eingangsanschluss des
nicht invertierenden Verstärkers (5) zu besit-
zen;

eine zweite Schaltereinrichtung (S2), die zwi-
schen den Eingangsanschluss und den Aus-
gangsanschluss des nicht invertierenden Ver-
stärkers (5) geschaltet und imstande ist, entwe-
der einen Ein-Zustand zum Herstellen einer
Verbindung zwischen dem Eingangs- und dem
Ausgangsanschluss des nicht invertierenden
Verstärkers (5) oder einen Aus-Zustand zum
Herstellen einer Trennung zwischen dem Ein-
gangs- und dem Ausgangsanschluss des nicht
invertierenden Verstärkers (5) zu besitzen;

eine Steuereinrichtung (11) zum Steuern des
Ein/Aus-Zustandes der ersten Schaltereinrich-
tung (S1) und des Ein/Aus-Zustandes der zwei-
ten Schaltereinrichtung (S2) in einer solchen
Weise, dass verhindert wird, dass sowohl die
erste Schaftereinrichtung (S1) als auch die
zweite Schaltereinrichtung (S2) einen Ein-Zu-
stand zu dergleichen Zeit besitzen, wenn die
erste Schaltereinrichtung (S1) und die zweite
Schaltereinrichtung (S2) gemeinsam ihre je-
weiligen Zustandsübergänge durchführen,

wobei der nicht invertierende Verstärker (5) eine ge-
rade Zahl in Reihe geschalteter invertierender Ver-
stärker (2, 3) umfasst,
gekennzeichnet durch
einen Kondensator (C2) mit zwei Anschlüssen, von
denen einer mit einem Eingangsanschluss eines in-
vertierenden Verstärkers (3) der letzten Stufe der
geraden Zahl von invertierenden Verstärkern ver-
bunden ist, und der andere mit einem Ausgangsan-
schluss des invertierenden Verstärkers (3) der letz-
ten Stufe verbunden ist.

Revendications

1. Circuit à verrouillage comprenant :

un terminal d'entrée externe (1) pour accepter
une tension entrant de l'extérieur dudit circuit à
verrouillage ;

un amplificateur non inversant (5) avec un ter-
minal d'entrée et un terminal de sortie pour am-
plifier ladite tension de façon amplifiée non
inversante ;

un premier moyen de commutateur (S1) qui est
connecté entre ledit terminal d'entrée externe
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(1) et ledit terminal d'entrée dudit amplificateur
non inversant (5) et qui est capable d'avoir soit
un état de marche pour établir une connexion
entre ledit terminal d'entrée externe (1) et ledit
terminal d'entrée dudit amplificateur non inver-
sant (5) ou un état d'arrêt pour établir une dé-
connexion entre ledit terminal d'entrée externe
(1) et ledit terminal d'entrée dudit amplificateur
non inversant (5) ;

un deuxième moyen de commutateur (S2) qui
est connecté entre ledit terminal d'entrée et le-
dit terminal de sortie dudit amplificateur non in-
versant (5) et qui est capable d'avoir soit un état
de marche pour établir une connexion entre
lesdits terminaux d'entrée et de sortie dudit am-
plificateur non inversant (5) ou un état d'arrêt
pour établir une déconnexion entre lesdits ter-
minaux d'entrée et de sortie dudit amplificateur
non inversant (5) ;

un moyen de commande (11) pour commander
l'état marche/arrêt dudit premier moyen de
commutateur (S1) et un état marche/arrêt dudit
deuxième moyen de commutateur (S2) de telle
façon que l'on évite à la fois audit premier
moyen de commutateurs (S1) et audit deuxiè-
me moyen de commutateur (S2) d'avoir un état
de marche en même temps que ledit premier
moyen de commutateur (S1) et ledit deuxième
moyen de commutateur (S2) fassent leurs états
de transitions respectifs ; ledit amplificateur
non inversant (5) comprenant un nombre égal
d'amplificateurs inversants (2, 3) connectés en
série,

caractérisé par
un condensateur (C2) avec deux terminaux, l'un
d'entre eux étant connecté à un terminal d'entrée
d'un dernier étage d'amplificateur inversant (3) du-
dit nombre égal d'amplificateurs inversants et
l'autre étant connecté à un terminal de sortie dudit
dernier étage de l'amplificateur inversant (3).
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