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57 ABSTRACT 

A delay circuit device having first and Second delay circuits 
arraySSO constructed that an output can be taken out from an 
arbitrary position of a signal transmission path, discriminat 
ing circuits receiving an output from two positions which 
divide the first delay circuit array into three portions, and 
three control circuits. The first and Second delay circuit 
arrays are So arranged that the direction of Signal transmis 
Sion paths are opposite to each other. An output of the first 
delay circuit array is connected to an input of the Second 
delay circuit array through the control circuits in the order 
from the position near to an input of the first delay circuit 
array and in the order from the position near to an output of 
the Second delay circuit array. A first signal is Supplied to the 
first delay circuit array, and whether or not the first signal is 
propagated to the output of the two positions is respectively 
latched in the discriminating circuits. When an arbitrary time 
has elapsed after the first Signal is Supplied, a Second Signal 
is Supplied to not greater than four control circuits of the 
control circuits, in accordance with data latched in the 
discriminating circuits. The first Signal on the first delay 
circuit array is transferred to the Second delay circuit array, 
and the first Signal on the first delay circuit array is removed. 
Thus, a clock having no phase difference from an external 
clock can be generated with a low current consumption, with 
a Small number of periods, over a wide frequency range, and 
over a wide power Supply Voltage range. 

8 Claims, 8 Drawing Sheets 

09 POWER SUPPLY 
LINE 

9. DELAY ARRAY 

RN2 
free - it 
-102 DELAY ARRAY 

U GNC U GNC2 
) 

104 LOAD ADJUSTING 
CIRCUIT 

  

  

  

  

  





6,104,224 Sheet 2 of 8 Aug. 15, 2000 U.S. Patent 

HOIVNINIHOSIO ( 3 L Ll ) qi I I~, 

. . . . . . . . . . . . 

as a a pse in 

E LW9 O|5)OT 

90 1 | 01 

  

    

  

  



U.S. Patent Aug. 15, 2000 Sheet 3 of 8 6,104,224 

CN 
-- 
E CN 

o 

CN 

na 
s 

al 

E 

CN 
-O 

so 
t 

-N4 
Os 
ed 

CN 
ro 

E 
O 

o 
C C9 V O 

co S. S. (n) () c) O O 
O O S CN CM 

So) s 55 CN CN Nal Na 
s O C59 N(1. Na Na CSP CD 

- CD C O C59 O 
CD O CD O O O - 

- - - O CD CD 
C O O 

  



6,104,224 Sheet 4 of 8 Aug. 15, 2000 U.S. Patent 

G O 2 MOOTO ?7 O 2 d^OH0 

XOOTO 
0 £. O 2 MOOTO q € O 2 MOOTO e € O 2 XOOTO 2 O 2 d^OH9 

XOOTO 

|||||||||||||||||| 
2+uJ? ?l+uul { 

||||||| O 2 XOOTO 
  

  



U.S. Patent Aug. 15, 2000 Sheet 5 of 8 

cy 
v 

22 S. 
lc) S. 
S. (fly 
s m r so 

l ES 
e 35 
SP Edit- 2 

van 

S2 
Je. e? SS Žs 

OO D O s |g 
came D 

3. 
d g r) 

>- P 35 
-- 52 

C 

N > 

2~ as ? so r) 
35 32 

?e 2 ON/ ly g 
t- 35 

| || 5 

s 

f 

: 

6,104,224 

ggg 
g 

  

  

  

  



6,104,224 Sheet 6 of 8 Aug. 15, 2000 U.S. Patent 

| 

| 

609 
9 

HELT|-|| cHOOT 4,09 

HOLVHWc|WOO ESWHd | 09 

Z09 LHV HOIHd 9 (61-) 

O YA T O 

    

  

  

  







6,104,224 
1 

DELAY CIRCUIT DEVICE HAVING A 
REDUCED CURRENT CONSUMPTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a delay circuit device, and 
more specifically to a delay circuit used in transmission and 
generation of a Synchronizing Signal, namely, a clock signal 
in a Semiconductor device. 

2. Description of Related Art 
Recently, a System installed on a Semiconductor device 

has been remarkably Speeded up, with the result that a time 
difference between a clock Supplied to the Semiconductor 
device from an external device and a clock generated 
internally in the Semiconductor device on the basis of the 
externally Supplied clock becomes non-negligible. AS a 
countermeasure for this, for example, a phase locked loop 
(called a “PLL' hereinafter) has been used in the prior art. 
FIG. 6 illustrate a fundamental construction of the PLL 
circuit. 
A phase comparator 601 outputs a phase difference Signal 

606 based on a phase difference between an external clock 
603 Supplied through a receiver circuit 602 and an internal 
clock 605 Supplied through a delay circuit 604 having a 
delay equivalent to that of the receiver circuit 602. The phase 
difference signal 606 is supplied through a loop filter 607 as 
a control signal 608 to a voltage controlled oscillator (VCO) 
609. This voltage controlled oscillator 609 generates a clock 
610 having the frequency in accordance with the control 
signal 608. The clock signal 610 is amplified by an amplifier 
circuit 611 to become the internal clock 605 which is used 
in a clock-controlled circuit 612. The control signal 608 
controls the voltage controlled oscillator 609 to make the 
phase difference between the external clock 603 and the 
internal clock 605 Zero, and controls the voltage controlled 
oscillator 609 until the phase difference can no longer be 
detected finally. 

Therefore, in the PLL circuit, a delay between the external 
clock and the internal clock becomes Zero, with the result 
that it is possible to avoid a problem that a delay time 
becomes relatively large in comparison with the period of 
the clock and therefore a trouble occurs in a circuit opera 
tion. 
As a means for Solving the problem of a circuit using the 

PLL circuit, Japanese Patent Application No. 316875/1994 
(Japanese Patent Application Pre-examination Publication 
No. JP-A-08-237091) proposes a delay circuit device as 
shown in FIG. 7. 

Referring to FIG. 7, it comprises a delay circuit array 701 
So constructed that an output can be taken out from an 
arbitrary position of a Signal transmission path, a delay 
circuit array 702 So constructed that an input can be applied 
to an arbitrary position of a signal transmission path, a 
control circuit 703 having a Signal input terminal and a 
Signal output terminal, a load adjusting device 704 for 
equalizing a load of the delay circuit array 701 and a load of 
the delay circuit array 702, a receiver circuit 705 receiving 
an external Signal, an amplifier circuit 706, a delay circuit 
707 having a delay time equivalent to that of the receiver 
circuit 705, and a delay circuit 708 having a delay time 
equivalent to that of the amplifier circuit 706. 
An output of the receiver circuit 705 is connected to an 

input of the delay circuit 707 and the control circuit 703. An 
output of the delay circuit 707 is connected to an input of the 
delay circuit 708. An output of the delay circuit 708 is 
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2 
connected to an input of tile delay circuit array 701. An 
output of the delay circuit array 702 is connected to an input 
of the amplifier circuit 706. The delay circuits 707 and 708 
have the delay times equivalent to those of the receiver 
circuit 705 and the amplifier circuit 706, respectively, in 
order to make an input clock 801 and an output timing of an 
output clock 805 coincident with each other. 

Here, internal structures of the delay circuit array 701, the 
delay circuit array 702, the control circuit 703 and the load 
adjusting device 704 will be described. The delay circuit 
array 701 and the delay circuit array 702 are constructed of 
inverters and NAND gates which are alternately located, and 
the control circuit 703 and the load adjusting device 704 are 
constructed of NAND gates. 
The delay circuit 701 includes a NAND gate FN1, an 

inverter FI1, a NAND gate FN2, an inverter FI2, . . . , a 
NAND gate FNn, an inverter FIn, a NAND gate FNn+1, an 
inverter FIn+1, ..., which are located in the named order 
from an input Side. 
The delay circuit 702 includes an inverter RI1, a NAND 

gate RN1, an inverter RI2, a NAND gate RN2, . . . , an 
inverter RIn, a NAND gate RNn, an inverter RIn+1, a 
NAND gate RNn+1, . . . , which are located in the named 
order from an output Side. 
The control circuit 703 is constituted of a NAND circuit 

array composed of a NAND gate CN1, a NAND gate 
CN2, ..., a NAND gate CNn, a NAND gate CNn+1, which 
have one input connected to the output of the receiver circuit 
705. 
The load adjusting device 704 is constituted of a NAND 

circuit array composed of a NAND gate GN1, a NAND gate 
GN2, ..., a NAND gate GNn, a NAND gate GNn+1, which 
have one input connected to a ground line 710. 

In addition, the delay circuit array 701, the delay circuit 
array 702, the control circuit 703 and the load adjusting 
device 704 are mutually connected. An output of the inverter 
Fin in the delay circuit array 701 is connected to an input of 
the NAND gate FNn+1 and one input of the two-input 
NAND gate CNn, in the control circuit 703, which is not 
connected to the output of the receiver circuit 705. 
An output of the NAND gate CNn in the control circuit 

703 is connected to one input of the two-input NAND gate 
FNn+2, in the delay circuit array 701, which is not con 
nected to the output of the inverter FIn+1, and one input of 
the two-input NAND gate RNn, in the delay circuit array 
702, which is not connected to the output of the inverter 
RIn+1. 

An output of the NAND gate RNn in the delay circuit 
array 702 is connected to an input of the inverter RIn in the 
delay circuit array 702. An output of the inverter RIn in the 
delay circuit array 702 is connected to an input of the NAND 
gate RNn-I and one input of the two-input NAND gate GNn, 
in the load adjusting device 704, which is not connected to 
the ground. 
An output of the NAND gate GNn in the load adjusting 

device 704 is not connected to any one. 
One input of the two-input NAND gate FN1, in the delay 

circuit array 701, which is not connected to an input of the 
delay circuit array 701, one input of the two-input NAND 
gate FN2 which is not connected to an output of the inverter 
FI1, and one input of the last NAND gate in the delay circuit 
array 702, which is not connected to an output of the last 
NAND gate in the control circuit 703, are connected to a 
power supply line 709. 
Now, an operation of this delay circuit is illustrated in an 

input/output timing waveform diagram of FIG.8. 
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The input clock 801 is a H (high level) pulse having a 
constant period, a rising edge of which is used. 
A clock group 802 indicates clocks which are outputted 

from all the inverters in the delay circuit array 701 and 
which therefore travel in the delay circuit array 701. 
A clock 803 is a clock outputted from the receiver circuit 

705 and inputted to the control circuit 703. 
The receiver circuit 705 internally includes a circuit for 

making the width of the clock pulse to a constant width, So 
that the width of the clock 803 is made Smaller than the 
width of the clock 801. 
A clock group 804 indicates clocks which are outputted 

from all the inverters in the delay circuit array 702 and 
which therefore travel in the delay circuit array 702. 
A clock 805 is an output of the amplifier circuit 806. 
Since the clock is applied periodically, it is not necessary 

to distinguish the clocks from each other in an actual use, 
Here, however, in order to make it easy to understand the 
operation, the clocks are numbered as follows: 

an arbitrary clock is called a (m)th clock; 
a next clock is called a (m+1)th clock; and 
a clock after the next clock is called a (m+2)th clock. 
The (m)th clock is supplied from the receiver Circuit 705 

through the delay circuit 707 having the delay time equiva 
lent to that of the receiver circuit 705, and then through the 
delay circuit 708 having the delay time equivalent to that of 
the amplifier circuit 706, to the delay circuit array 701, and 
travels in the delay circuit array 701 and expressed by the 
(m)th clock group in the clock group 802. 

The output of the inverters in the delay circuit array 701 
is brought to the high level in response to the traveling of the 
(m)th clock, and is maintained at a high level during a period 
of the pulse width of the (m)th clock. 

After one clock period after the (m)th clock is outputted 
from the receiver circuit 705, the (m+1)th clock is supplied 
from the receiver circuit 705 to the control circuit 703, and 
is expressed as the (m+1)th clock of the clock 803. 
At this time, the (m)th clock is traveling in the delay 

circuit array 701. For example, assuming that the (m)th 
clock is traveling through an inverter group Starting from a 
(i)th inverter FI (an inverter positioned at a leading edge of 
the high level pulse) in the delay circuit array 701 and 
terminating at a (-k)th inverter FIj-k (an inverter posi 
tioned at a tail edge of the high level pulse), with the width 
of the (m)th clock, the outputs of the (i)th inverter FIj to the 
(-k)th inverter are at the high level as mentioned above. 

Accordingly, the NAND gates CN to CN-k in the 
control circuit 703 connected to the inverters FI to FIj-k 
through which the (m)th clock is traveling, have both the 
two inputs at the high level. Therefore, in the two-input 
NAND gates RN to RN-k in the delay circuit array 702 
connected to the NAND gates CN to CN-k in the control 
circuit 703, one of the two inputs is brought to the low level, 
and therefore, the output is brought from the high level to the 
low level, So that the (m)th clock is traveling the delay 
circuit array 702 in the form of a low level pulse, which is 
indicated by the (m)th clock group in the clock group 804. 

Furthermore, the input of the two-input NAND gates 
FN+2 to FN-k+2 in the delay circuit array 701, connected 
to the NAND gates CN to CN-k in the control circuit 703, 
is brought to the low level, with the result that the output of 
all of the inverters FI+2 to FI-k+2 are brought to the low 
level, and the (m)th clock in the delay circuit array 701 is 
brought to the low level. 

The (m)th clock outputted from the delay circuit array 702 
is outputted through the amplifier circuit 706, and is 
expressed as the (m)th clock in the clock 805. 
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4 
Here, the respective delay times of the receiver circuit 705 

and the delay circuit 707, which are equal to each other as 
mentioned above, is expressed as “d 1’, and the respective 
delay times of the amplifier circuit 706 and the delay circuit 
708, which are equal to each other as mentioned above, is 
expressed as “d2. In addition, the period of the clock is 
expressed as “tck”. A delay from the rising edge of the (m)th 
clock of the input clock 801 to the rising edge of the (m)th 
clock of the output clock 803 of the receiver circuit 705 is 
“d 1. 
A delay from the (m)th clock of the output clock 803 of 

the receiver circuit 705 to the rising edge of a heading clock 
of the (m)th clock group in the clock group 802 traveling in 
the delay circuit array 701, is equal to the delay from the 
(m)th clock of the output clock 803 of the receiver circuit 
705 to the (m+1)th clock of the output clock 803 of the 
receiver circuit 705, and is “tck'. 

Accordingly, the time of the clock rising edge traveling in 
the delay circuit array 701 is equal to a time obtained by 
subtracting the delay time “d 1 of the delay circuit 707 and 
the delay time “d2" of the delay circuit 708 from the clock 
period “tck”, namely, {tck-d1-d2}. 

Since the number of the delay circuit stages through 
which the rising edge of the low level pulse of the clock 
travels in the delay circuit array 702 is equal to the number 
of the delay circuit Stages through which the rising edge of 
the clock traveled in the delay circuit array 701, the time in 
which the rising edge of the low level pulse of the clock 
travels in the delay circuit array 702 is equal to the time in 
which the rising edge of the clock travels in the delay circuit 
array 701, and therefore, is equal to a time obtained by 
subtracting the delay time “dl” of the delay circuit 707 and 
the delay time “d2" of the delay circuit 708 from the clock 
period “tck”, namely, {tck-d1-d2}. 
The time required for the clock to have passed through the 

amplifier circuit 706 is “d2” as mentioned above. 
Thus, the time required for the clock to have passed 

through the receiver circuit 705, the delay circuit 707, the 
delay circuit 708, the delay circuit array 701, the delay 
circuit array 702, and the amplifier circuit 706, becomes 
“2tck”, and therefore, the (m)th clock is outputted to the 
internal circuit 712 at the timing equal to that of the (m+2)th 
clock. 
AS mentioned above, an internal clock having no delay 

from the external clock can be obtained after two clockS. 
When the prior art delay circuit device is used in the PLL 

circuit, a time (several ten periods or more) is required until 
the phase difference between the internal clock and the 
external clock becomes Zero, and therefore, in order to 
obtain at a desired timing an internal clock having no phase 
difference from the external clock, it is necessary to maintain 
the PLL circuit in an operating condition, with the result that 
a current consumption is increased. 

In addition, Since the Voltage controlled Oscillator is So 
configured to control the OScillation by the Voltage, if the 
power Supply Voltage lowers, the width of the control 
Voltage correspondingly becomes Small, with the result that 
the precision of the controlled frequency drops. 

Therefore, in the case of controlling the frequency over a 
wide frequency range with a predetermined precision of the 
controlled frequency, it is a problem that it is necessary to 
provide a plurality of Voltage controlled oscillators having 
different frequency ranges and a time is required until the 
phase difference becomes Zero when the control Voltage is 
changed. 
The prior art delay circuit device shown in FIG. 7 was 

intended to overcome the above mentioned problems when 
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it is used in the PLL circuit. Since the clock 803 outputted 
from the receiver circuit 705 is supplied to many NAND 
gates in the control circuit 703, it was a problem that a load 
capacitance to be driven is large, and the current consump 
tion is large. 

Namely, in order to ensure the operation when the clock 
period “tck” is long, it is necessary to increase the number 
of stages in the delay circuit 701, with the result that the load 
capacitance of the clock 802 correspondingly increases. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a delay circuit device which has overcome the above 
mentioned problems of the prior art. 

Another object of the present invention is to provide a 
delay circuit device capable of generating a clock signal 
having no phase difference from an external clock, with a 
Small current, with a Small number of periods, over a wide 
frequency range, and over a wide power Supply Voltage 
range. 

In order to achieve the above objects, the delay circuit 
device in accordance with the present invention comprises a 
first delay circuit array So constructed that an output can be 
taken out from an arbitrary position of a signal transmission 
path, a Second delay circuit array So constructed that an input 
can be applied to an arbitrary position of a signal transmis 
Sion path, at least two discriminating circuits receiving an 
output from at least two positions which divide the first 
delay circuit array into at least three, and at least three 
control circuits having a signal input terminal, a signal 
output terminal, and an input/output control terminal. The 
first delay circuit array and the Second delay circuit array are 
So arranged that the direction of Signal transmission paths 
are opposite to each other. An output of the first delay circuit 
array is connected to an input of the Second delay circuit 
array through the control circuits in the order from the 
position near to an input of the first delay circuit array and 
in the order from the position near to an output of the Second 
delay circuit array. A first Signal is Supplied to the first delay 
circuit array, and information as to whether or not the first 
Signal is propagated to the output of the at least two positions 
which divide the first delay circuit array into the at least 
three, is respectively latched to the latch circuits receiving 
the output of the at least two positions. When an arbitrary 
time has elapsed after the first Signal is Supplied, a Second 
Signal is Supplied to not greater than four control circuits of 
the control circuits, in accordance with data latched in the 
discriminating circuits. The first Signal on the first delay 
circuit array is transferred to the Second delay circuit array, 
and the first Signal on the first delay circuit array is removed 
from the first delay circuit array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram illustrating a circuit construc 
tion of one embodiment of the delay circuit device in 
accordance with the present invention; 

FIG. 2 is a circuit diagram of the discriminator circuit 
incorporated in the delay circuit device shown in FIG. 1; 

FIG. 3 is a waveform diagram illustrating one example of 
the operation of the delay circuit device shown in FIG. 1; 

FIG. 4 is a waveform diagram illustrating another 
example of the operation of the delay circuit device shown 
in FIG. 1; 

FIG. 5 is a circuit diagram illustrating a circuit construc 
tion of another embodiment of the delay circuit device in 
accordance with the present invention; 
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6 
FIG. 6 is a circuit diagram illustrating the circuit con 

struction of one example of the PLL circuit; 
FIG. 7 is a circuit diagram illustrating a circuit construc 

tion of one example of the prior art delay circuit device; and 
FIG. 8 is a waveform diagram illustrating an operation of 

the prior art delay circuit device shown in FIG. 7. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Now, embodiments of the delay circuit device in accor 
dance with the present invention will be described with 
reference to the accompanying drawings. 

FIG. 1 is a circuit diagram illustrating a circuit construc 
tion of one embodiment of the delay circuit device in 
accordance with the present invention. 

Referring to FIG. 1, the shown embodiment includes a 
delay circuit array 101 So constructed that an output can be 
taken out from an arbitrary position of a signal transmission 
path, a delay circuit array 102 So constructed that an input 
can be applied to an arbitrary position of a signal transmis 
sion path, a plurality of control circuits 103a, 103b and 103c 
having a Signal input terminal and a signal output terminal, 
a load adjusting device 104 for equalizing a load of the delay 
circuit array 101 and a load of the delay circuit array 102, a 
receiver circuit 105 receiving an external Signal, an amplifier 
circuit 106, a delay circuit 107 having a delay time equiva 
lent to that of the receiver circuit 105, a delay circuit 108 
having a delay time equivalent to that of the amplifier circuit 
106, a plurality of comparing circuits 111b and 111c, and 
logic gates Ga and Gc. 
Now, circuit connection will be described. An output of 

the receiver circuit 105 is connected to an input of the delay 
circuit 107, the control circuit 103b, and the comparing 
circuits 111b and 111c. 
An output of the delay circuit 107 is connected to an input 

of the delay circuit 108. An output of the delay circuit 108 
is connected to an input of the delay circuit array 101. An 
output of the delay circuit array 102 is connected to an input 
of the amplifier circuit 106. 
The delay circuits 107 and 108 have a delay time equiva 

lent to that of the receiver circuit 105 and the amplifier 
circuit 106, respectively, in order to make an input clock 201 
and an outputting timing of an output clock 205 coincident 
with each other. 
Now, an internal construction of the delay circuit array 

101, the delay circuit array 102, the control circuits 103a, 
103b and 103c and the load adjusting device 104 will be 
described with reference to FIG. 1. 
The delay circuit array 101 and the delay circuit array 102 

are constructed of inverters and NAND gates which are 
alternately located, and the control circuits 103a, 103b and 
103c and the load adjusting device 104 are constructed of 
NAND gates. 
The delay circuit 101 includes a NAND gate FNa1, an 

inverter FIa1, a NAND gate FNa2, an inverter FIa2, ..., a 
NAND gate FNb1, an inverter FIb1, a NAND gate FNb2, an 
inverter FIb2,..., a NAND gate FNc1, an inverter FIc1, a 
NAND gate FNc2, an inverter FIc2, ..., which are located 
in the named order from an input Side (Some portion is not 
shown). 
The delay circuit 102 includes an inverter RIa1, a NAND 

gate RNa1, an inverter RIa2, a NAND gate RNa2, ..., an 
inverter RIb1, a NAND gate RNb1, an inverter RIb2, a 
NAND gate RNb2, . . . , an inverter RIcl, a NAND gate 
RNc1, an inverter RIc2, a NAND gate RNc2, ..., which are 
located in the named order from an output Side. 
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The control circuit 103a is constituted of a NAND circuit 
array composed of a NAND gate CNa1, a NAND gate 
CNa2, ..., which have one input connected to an output of 
the logic gate Ga. 

The control circuit 103b is constituted of a NAND circuit 
array composed of a NAND gate CNb1, a NAND gate 
CNb2, ..., which have one input connected to an output of 
the receiver circuit 105. 

The control circuit 103c is constituted of a NAND circuit 
array composed of a NAND gate CNc1, a NAND gate 
CNc2, ..., which have one input connected to an output of 
the logic gate Gc. 

The load adjusting device 104 is constituted of a NAND 
circuit array composed of a NAND gate GNa1, a NAND 
gate GNa2, . . . , a NAND gate GNb1, a NAND gate 
GNb2,..., a NAND gate GNc1, a NAND gate GN.c2, ..., 
which have one input connected to a ground line 110. 

Next, a mutual connection of the delay circuit array 101, 
the delay circuit array 102, the control circuits 103a, 103b 
and 103c, the discriminator circuits 111b and 111c, the logic 
gates Ga and Gc, and the load adjusting circuit 104 will be 
described under the assumption of “n'=a1, a2, . . . , b1, 
b2,..., c1, c2, .... An output of the inverter FIn in the delay 
circuit array 101 is connected to the NAND gate FNn+1 and 
one input of the two-input NAND gate CNn in the control 
circuit 103a having the other input connected to the output 
of the logic gate Ga, the input of the control circuit 103b 
which is not connected to the output of the receiver circuit 
105, or the input of the control circuit 103c which is not 
connected to the output of the logic gate Gc. 
An output of the NAND gate CNn in the control circuits 

103a, 103b and 103c is connected to one input of the 
two-input NAND gate FNn+2 in the delay circuit array 101 
having the other input connected to the output of the inverter 
FIn+1, and to one input of the two-input NAND gate RNn 
in the delay circuit array 102 having the other input con 
nected to the output of the inverter RIn+1. 
An output of the NAND gate RNn in the delay circuit 

array 102 is connected to an input of the inverter RIn in the 
delay circuit array 102. 
An output of the inverter RIn in the delay circuit array 102 

is connected to the input of the NAND gate RNn-1 and one 
input of the two-input NAND gate GNn in the load adjusting 
circuit 104 having the other input connected to the ground. 
An output of NAND gate GNn in the load adjusting circuit 
104 is not connected to any one. 
The input of the two-input NAND gate FN1 in the delay 

circuit array 101 which is not connected to the input terminal 
of the delay circuit array 101, the input of the two-input 
NAND gate FN2 which is not connected to the output of the 
inverter FI1, and the input of the last two-input NAND gate 
in the delay circuit array 102 which is not connected to the 
output of the last NAND gate in the control circuit 103, are 
connected to a power Supply line 109. 

Furthermore, the discriminator circuit 111b receives the 
output of the inverter FIb1 and the output of the receiver 
circuit 105, and the discriminator circuit 111c receives the 
output of the inverter FIc1 and the output of the receiver 
circuit 105. The logic gate Ga receives an output of the 
discriminator circuit 111c and the output of the receiver 
circuit 105, and the logic gate Gc receives an output of the 
discriminator circuit 111b and the output of the receiver 
circuit 105. 

For example, the discriminator circuits 111b and 111c are 
constituted of a D-type flipflop receiving the output from the 
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8 
delay circuit array 101 and outputting an output signal in 
synchronism with the output of the receiver circuit 105. The 
logic gate Ga is formed to execute a logical AND operation 
between a logical inversion of the output of the discrimina 
tor circuit 111c and the output of the receiver circuit 105, and 
the logic gate Gc is formed to execute a logical AND 
operation between a logical inversion of the output of the 
discriminator circuit 111b and the output of the receiver 
circuit 105. 

AS another example, as shown in FIG. 2, the discriminator 
circuits 111b and 111c can be constituted of a RS flipflop 
composed of a NOR gate NO1 receiving the output from the 
delay circuit array 101 and another NOR gate NO2 receiving 
the output of the receiver circuit 105, and an inverter INV1 
receiving an output of the NOR gate NO1 for outputting an 
output signal to the logic gate Ga or Gc. 

FIG. 3 is a waveform diagram illustrating an operation of 
this embodiment. 

Referring to FIG. 3, the input clock 201 is a H(high level) 
pulse having a constant period, a rising edge of which is 
used. 

A clock group 202 indicates clocks which are outputted 
from all the inverters in the delay circuit array 101 and 
which therefore travel in the delay circuit array 101. In FIG. 
3, the pulses from the inverter FIa1 to the inverter before the 
inverter FIb1 exist in the range designated by “a”, and the 
pulses from the inverter FIb1 to the inverter before the 
inverter FIc1 exist in the range designated by “b”. The pulses 
from the inverter FIc1 to the last inverter exist in the range 
designated by “c”. 
A clock 203a is a clock outputted from the logic gate Ga 

and inputted to the control circuit 103a. 
A clock 203b is a clock outputted from the receiver circuit 

105 and inputted to the control circuit 103b. 
A clock 203c is a clock outputted from the logic gate Gc 

and inputted to the control circuit 103c. 
The receiver circuit 105 internally includes a circuit for 

making the width of the clock pulse to a constant width, So 
that the width of the clock 203b is made Smaller than the 
width of the clock 201. 

A clock group 204 indicates clocks which are outputted 
from all the inverters in the delay circuit array 102 and 
which therefore travel in the delay circuit array 102. In FIG. 
3, the pulses until the inverter FIc1 exist in the range 
designated by “c”, and the pulses from the inverter FIb1 to 
the inverter before the inverter FIc1 exist in the range 
designated by “b”. The pulses from the inverter FIa1 to the 
last inverter exist in the range designated by “a”. 
A clock 205 is an output of the amplifier circuit 206. 
Since the clock is applied periodically, it is not necessary 

to distinguish the clocks from each other in an actual use. 
Here, however, in order to make it easy to understand the 
operation, the clocks are numbered as follows: 

an arbitrary clock is called a (m)th clock; 
a next clock is called a (m+1)th clock; and 
a clock after the next clock is called a (m+2)th clock. 
The (m)th clock is supplied from the receiver circuit 105 

through the delay circuit 107 having the delay time equiva 
lent to that of the receiver circuit 105, and then through the 
delay circuit 108 having the delay time equivalent to that of 
the amplifier circuit 106, to the delay circuit array 101, and 
travels in the delay circuit array 101 and expressed by the 
(m)th clock group in the clock group 202. 
The output of the inverters in the delay circuit array 101 

is brought to the high level in response to the traveling of the 
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(m)th clock, and is maintained at a high level during a period 
of the pulse width of the (m)th clock. After one clock period 
after the (m)th clock is outputted from the receiver circuit 
105, the (m+1)th clock is supplied from the receiver circuit 
105 to the control circuit 103, and is expressed as the 
(m+1)th clock of the clock 203b. 

In addition, if the output of the discriminator circuit 111c 
is at the low level, the (m+1)th clock is outputted from the 
logic gate Ga receiving the clock from the receiver circuit 
105, and is supplied to the control circuit 103a. If the output 
of the discriminator circuit 111a is at the high level, the 
(m+1)th clock is outputted from the logic gate Gc receiving 
the clock from the receiver circuit 105, and is supplied to the 
control circuit 103c. 
At this time, the (m)th clock is traveling in the delay 

circuit array 101. For example, assuming that the (m)th 
clock is traveling through an inverter group Starting from a 
(i)th inverter FI (an inverter positioned at a leading edge of 
the high level pulse; J=a1, a2,...,b1, b2, ..., c1, c2, ...) 
in the delay circuit array 101 and terminating at a (-k)th 
inverter FIj-k (an inverter positioned at a tail edge of the 
high level pulse), with the width of the (m)th clock, the 
outputs of the (i)th inverter FIj to the (-k)th inverter FIj-k 
are at the high level as mentioned above. 

Accordingly, the NAND gates CN to CN-k in the 
control circuit 103 connected to the inverters FI to FIj-k 
through which the (in)th clock is traveling, have both the 
two inputs at the high level. Therefore, in the two-input 
NAND gates RN to RN-k in the delay circuit array 102 
connected to the NAND gates CN to CN-k in the control 
circuit 103, one of the two inputs is brought to the low level, 
and therefore, the output is brought from the high level to the 
low level, So that the (m)th clock is traveling the delay 
circuit array 102 in the form of a low level pulse, which is 
indicated by the (m)th clock group in the clock group 204. 

Furthermore, the input of the two-input NAND gates 
FN+2 to FN-k+2 in the delay circuit array 101, connected 
to the NAND gates CN to CN-k in the control circuits 
103a, 103b and 103c, is brought to the low level, with the 
result that the output of all of the inverters FI+2 to FI-k+2 
are brought to the low level, and the (m)th clock in the delay 
circuit array 101 is brought to the low level. 
The (m)th clock outputted from the delay circuit array 102 

is outputted through the amplifier circuit 106, and is 
expressed as the (m)th clock in the clock 205. 

Here, in the case shown in FIG. 3, after the (m)th clock 
reaches the inverter FIc1 in the delay circuit array 101, the 
(m+1)th clock is outputted from the receiver circuit 105. 
Therefore, the output of both the discriminator circuits 111b 
and 111c are latched at the high level, and Since the output 
of the discriminator circuit 111c is at the high level, the clock 
203a which is the output of the logic gate Ga is fixed to the 
low level. 
On the other hand, in the case shown in FIG. 4, before the 

(m)th clock reaches the inverter FIb1, the (m+1)th clock is 
outputted from the receiver circuit 105. Therefore, the 
output of both the discriminator circuits 111b and 111c are 
latched at the low level, and since the output of the dis 
criminator circuit 111b is at the high level, the clock 203c 
which is the output of the logic gate Gc is fixed to the low 
level. 

Furthermore, after the (m)th clock reaches the inverter 
FIb1, but before the (m)th clock reaches the inverter FIc1, if 
the (m+1)th clock is outputted from the receiver circuit 105, 
the output of the discriminator circuit 111b is latched at the 
high level, and the output of the discriminator circuit 111c is 
latched at the low level, So that the pulse is generated in all 
the clocks 203a, 203b and 203c. 
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Similarly to the prior art delay circuit device having the 

timing waveform shown in FIG. 8, the respective delay 
times of the receiver circuit 105 and the delay circuit 107 are 
equal to each other as mentioned above and are expressed as 
“d1”, and the respective delay times of the amplifier circuit 
106 and the delay circuit 108 are equal to each other as 
mentioned above and are expressed as “d2. In addition, the 
period of the clock is expressed as “tck”. A delay from the 
rising edge of the (m)th clock of the input clock 201 to the 
rising edge of the (m)th clock of the output clock 203 of the 
receiver circuit 105 is “d1. 
A delay from the (m)th clock of the output clock 203 of 

the receiver circuit 105 to the rising edge of a heading clock 
of the (m)th clock group in the clock group 202 traveling in 
the delay circuit array 101, is equal to the delay from the 
rising edge of the (m)th clock of the output clock 203 of the 
receiver circuit 105 to the rising edge of the (m+1)th clock 
of the output clock 203 of the receiver circuit 105, and is 
“tck. 

Accordingly, the time of the clock rising edge traveling in 
the delay circuit array 101 is equal to a time obtained by 
subtracting the delay time “d 1 of the delay circuit 107 and 
the delay time “d2 of the delay circuit 108 from the clock 
period “tck”, namely, {tck-d1-d2}. 

Since the number of the delay circuit stages through 
which the rising edge of the low level pulse of the clock 
travels in the delay circuit array 102 is equal to the number 
of the delay circuit Stages through which the rising edge of 
the clock traveled in the delay circuit array 101, the time in 
which the rising edge of the low level pulse of the clock 
travels in the delay circuit array 102 is equal to the time in 
which the rising edge of the clock travels in the delay circuit 
array 101, and therefore, is equal to a time obtained by 
subtracting the delay time “d 1 of the delay circuit 107 and 
the delay time “d2 of the delay circuit 108 from the clock 
period “tck”, namely, {tck-d1-d2}. 
The time required for the clock to have passed through the 

amplifier circuit 106 is “d2” as mentioned above. 
Thus, the time required for the clock to have passed 

through the receiver circuit 105, the delay circuit 107, the 
delay circuit 108, the delay circuit array 101, the delay 
circuit array 102, and the amplifier circuit 106, becomes 
“2tck”, and therefore, the (m)th clock is outputted to the 
internal circuit 112 at the timing equal to that of the (m+2)th 
clock. 
AS mentioned above, an internal clock having no delay 

from the external clock can be obtained after two clockS. 
FIG. 5 is a circuit diagram of another embodiment of the 

delay circuit device in accordance with the present inven 
tion. Referring to FIG. 5, this embodiment has a fundamen 
tal construction similar to that of the first embodiment 
shown in FIG. 1, but has Such a construction that an output 
of five inverters in the delay circuit array 101 in the order 
near to the delay circuit 108 are supplied to discriminator 
circuits 111a, 111b, 111c, 111d and 111e, respectively, and it 
comprises a logic gate Ga for executing a logic AND 
operation between a logical inversion of an output of the 
discriminator circuit 111c and the output of the receiver 
circuit 105 So as to supply an output to a control circuit 103a, 
a logic gate Gb for executing a logic AND operation 
between a logical inversion of an output of the discriminator 
circuit 111d and the output of the receiver circuit 105 So as 
to Supply an output to a control circuit 103b, a logic gate Gc 
for executing a logic AND operation between a logical 
inversion of an output of the discriminator circuit 111e, an 
output of the discriminator circuit 111a and the output of the 
receiver circuit 105 So as to Supply an output to a control 
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circuit 103c, a logic gate Gd for executing a logic AND 
operation between an output of the discriminator circuit 
111b and the output of the receiver circuit 105 so as to supply 
an output to a control circuit 103d, and a logic gate Ge for 
executing a logic AND operation between the output of the 
discriminator circuit 111c and the output of the receiver 
circuit 105 so as to supply an output to a control circuit 103e. 

In the first embodiment shown in FIG. 1, at Such a 
frequency that after the (m)th clock reaches the inverter FIb1 
but before the (m)th clock reaches the inverter FIc1, the 
(m+1)th clock is outputted from the receiver circuit 105, all 
of the clocks 203a, 203b and 203c operate. In this 
embodiment, however, the output of at least two of the five 
discriminator circuits 111a, 111b, 111c, 111d and 111e are 
fixed to the low level, So that the clock operating in 
synchronism with the input clock 201 is two or three of five 
clocks 203a, 203b, 203c, 203d and 203e, whatever fre 
quency the clock is. 

In the delay circuit array divided into a plurality of blocks, 
Signals in Synchronism with the clock 201 are Supplied to the 
control circuits receiving the output of the blocks before and 
after the block through which the (m)th clock is traveling. 
The reason for this is that, even if the frequency of the Signal 
slightly changes with the result that the final block to which 
the (m+1)th clock is propagated, changes to the block before 
or after the final block to which the (m+1)th clock had been 
propagated, the timing of the clock 205 is not influenced at 
all. 
AS mentioned above, according to the present invention, 

Since a plurality of control circuits are provided in Such a 
manner that the signal in synchronism with the clock 201 is 
in no way applied to the control circuit(s) having no possi 
bility that the (m)th clock is traveling at the frequency being 
used, it is possible to reduce the load capacitance of the 
NAND gates in the control circuits driven with the signal in 
synchronism with the clock 201, and therefore, the current 
consumption can be advantageously reduced. 

In addition, according to the present invention, even if the 
number of Stages in the first delay circuit is increased 
because the clock period “tck” is long, if the dividing 
number of the control circuit is correspondingly increased, 
it is possible to minimize the load capacitance which is 
charged and discharged during each one cycle. 

Furthermore, according to the present invention, if it is 
caused to operate when the Semiconductor device is in a 
Standby mode So as to minimize the current consumption, it 
is possible to quickly obtain a desired clock if necessary. 
Since the proportion of the current consumed by the delay 
circuit in the Standby mode is large, the above advantage 
particularly becomes remarkable. 
What is claimed is: 
1. A delay circuit device comprising: 
a first delay circuit array So constructed that an output is 

taken from an arbitrary position of a first signal trans 
mission path; 

a Second delay circuit array So constructed that an input is 
applied to an arbitrary position of a Second Signal 
transmission path; 

at least two discriminating circuits receiving outputs from 
at least two positions, one position corresponding to 
each discriminating circuit, Said two positions being 
along Said first signal transmission path So as to divide 
Said first delay circuit array into at least three parts, and 

at least three control circuits, each having a Signal input 
terminal connected to Said first delay circuit array, a 
Signal output terminal connected to Said Second delay 
circuit array, and an input/output control terminal; 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
wherein Said first delay circuit array and Said Second delay 

circuit array are So arranged that the direction of Said 
first and Second Signal transmission paths are opposite 
to each other, 

wherein an output of cascaded delay circuits in Said first 
delay circuit array is connected to an input of cascaded 
delay circuits in Said Second delay circuit array through 
Said control circuits in the order from the position near 
to an input of Said first delay circuit array and in the 
order from the position near to an output of Said Second 
delay circuit array, 

wherein an input pulse Signal is Supplied to Said first delay 
circuit array, and information as to whether or not a first 
Signal of Said input pulse signal is propagated to Said 
outputs of Said at least two positions which divide Said 
first delay circuit array into Said at least three parts, is 
respectively latched to Said discriminating circuits 
receiving Said outputs of Said at least two positions, 

wherein when an arbitrary time has elapsed after Said first 
Signal of Said input pulse Signal is Supplied, a Second 
Signal of Said input pulse signal is Selectively Supplied 
to Said control circuits, in accordance with information 
latched in Said discriminating circuits, and Said first 
Signal on Said first delay circuit array is transferred to 
Said Second delay circuit array, and Said first signal on 
Said first delay circuit array is removed from Said first 
delay circuit array. 

2. A delay circuit device claimed in claim 1 wherein Said 
first delay circuit array is divided by (n-1) positions into “n” 
portions, where ne3, and when one discriminating circuit of 
said discriminating circuits receiving an output of a ()th 
position counted from the position near to the input of Said 
first delay circuit array, where “” is a natural number, for 
discriminating whether or not said first signal has not been 
propagated to said output of Said, (i)th position, and upon 
discriminating that Said first Signal is not So propagated, Said 
one discriminating circuit controls Said control circuits So 
that Said Second Signal is not Supplied to at least a portion of 
Said control circuits receiving the output of Said first delay 
circuit array after a (i+2)th position. 

3. A delay circuit device claimed in claim 1 wherein Said 
first delay circuit array is divided by (n-1) positions into “n” 
portions, where ne3, and when one discriminating circuit of 
said discriminating circuits receiving an output of a (k)th 
position counted from the position near to the input of Said 
first delay circuit array, where "k' is a natural number, for 
discriminating whether or not said first signal has not been 
propagated to said output of Said (k)th position, upon 
discriminating that Said first Signal is not So propagated, Said 
one discriminating circuit controls Said control circuits So 
that Said Second Signal is not Supplied to at least a portion of 
Said control circuits receiving the output of Said first delay 
circuit array after a (k-2)th position. 

4. A delay circuit device claimed in claim 1 wherein Said 
first delay circuit array is divided by (n-1) positions into “n” 
portions, where ne3, and when a first discriminating circuit 
of Said discriminating circuits receiving an output of a ()th 
position counted from the position near to the input of Said 
first delay circuit where “” is a natural number, for dis 
criminating whether or not Said first signal has not been 
propagated to Said output of Said ()th position, and upon 
discriminating that Said first Signal is not So propagated, Said 
first discriminating circuit controls Said control circuits So 
that Said Second Signal is not Supplied to at least a portion of 
Said control circuits receiving the output of Said first delay 
circuit array after a (i+2)th position, and when a second 
discriminating circuit of Said discriminating circuits receiv 
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ing an output of a (k)th position counted from the position 
near to the input of Said first delay circuit array, where “k' 
is a natural number, for discriminating whether or not said 
first signal has been propagated to said output of Said (k)th 
position, and upon discriminating that said first signal is not 
So propagated, Said Second discriminating circuit controls 
Said control circuits So that Said Second Signal is not Supplied 
to at least another portion of Said control circuits receiving 
the output of Said first delay circuit array before a (k-2)th 
position. 

5. A delay circuit device claimed in claim 1 wherein each 
of Said discriminating circuits comprises a latch that is Set 
when the output of Said first delay circuit array has changed 
from a first level to a second level as the result of the 
propagation of Said first signal, and is reset by Said Second 
Signal. 

6. A delay circuit device claimed in claim 2 wherein each 
of Said discriminating circuits comprises a latch that is Set 
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when the output of Said first delay circuit array has changed 
from a first level to a second level as the result of the 
propagation of Said first signal, and is reset by Said Second 
Signal. 

7. A delay circuit device claimed in claim 3 wherein each 
of Said discriminating circuits comprises a latch that is Set 
when the output of Said first delay circuit array has changed 
from a first level to a second level as the result of the 
propagation of Said first signal, and is reset by Said Second 
Signal. 

8. A delay circuit device claimed in claim 4 wherein each 
of Said discriminating circuits comprises a latch that is Set 
when the output of Said first delay circuit array has changed 
from a first level to a second level as the result of the 
propagation of Said first signal, and is reset by Said Second 
Signal. 


