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DATA RECEIVING CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2018-0116442,
filed on Sep. 28, 2018, which 1s incorporated herein by
reference 1n 1ts entirety.

BACKGROUND

1. Field

[0002] Various embodiments of the present invention
relate to a data receiving circuit which receives data using a
strobe signal.

2. Discussion of the Related Art

[0003] In order for integrated circuit chips to exchange
data with each other at high speed, the integrated circuit
chips require a signal used for correctly recognizing data,
that 1s, a strobe signal. Therefore, when exchanging the data
at high speed, the integrated circuit chips exchange the
strobe signal as well.

[0004] As a representative example, almost all kinds of
memory devices exchange a strobe signal for strobing data,
when exchanging the data with each other. For stability of
data transfer/reception, the data and the strobe signal need to
be correctly aligned. FIG. 1 1llustrates that edges of a strobe
signal DQS are aligned with the centers of data DQ. For the
alignment between the data DQ and the strobe signal DQS
in FIG. 1, a training process between a memory device and
a memory controller 1s performed during a reset process of
the memory device. However, as time elapses after the
training process, the alignment may be distorted by process,
voltage, and temperature (PV'T) variation or the like. There-
fore, there 1s a demand for a technique for correcting the
distorted alignment between the data and the strobe signal
after the traiming process or recovering the alignment of the
training process.

SUMMARY

[0005] Various embodiments are directed to a technique
for aligning data and a strobe signal.

[0006] In an embodiment, a data receiving circuit may
include: a varniable delay circuit suitable for generating a
delayed strobe signal by delaying a strobe signal; a receiving
circuit suitable for sampling data 1n synchronization with the
delayed strobe signal; a phase shift circuit suitable for
generating a shifted strobe signal by shifting a phase of the
delayed strobe signal; a phase comparison circuit suitable
for comparing phases of the data and the shifted strobe
signal; and a delay adjusting circuit suitable for adjusting a
delay value of the variable delay circuit 1n response to the
phase comparison result of the phase comparison circuit.
[0007] In an embodiment, a data receiving circuit may
include: a variable delay circuit suitable for generating a
delayed strobe signal by delaying a strobe signal; a receiving
circuit suitable for sampling data 1n synchronization with the
delayed strobe signal; a frequency multiplier circuit suitable
for generating a high-frequency strobe signal having a
frequency twice as high as that of the delayed strobe signal;
a sampling circuit suitable for sampling the high-frequency
strobe signal 1n synchronization with the data; and a delay
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adjusting circuit suitable for adjusting a delay value of the
variable delay circuit in response to the sampling result of
the sampling circuit.

[0008] In an embodiment, a data receiving circuit may
include: a variable delay circuit suitable for receiving a
strobe signal and delaying the strobe signal by a variable
delay value to generate a delayed strobe signal; a receiving
circuit suitable for receiving data and sampling the data 1n
synchronization with the delayed strobe signal; a phase
comparison circuit suitable for detecting a phase difference
between the data and a shifted strobe signal, which 1s
generated by shifting a phase of the delayed strobe signal;
and a delay adjusting circuit, which operates 1n synchroni-
zation with delayed data generated by delaying the data,
suitable for adjusting the variable delay value based on the
detected phase difference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates that edges of a strobe signal are
aligned with the centers of data.

[0010] FIG. 2 1s a diagram of a data receiving circuit 1n
accordance with an embodiment.

[0011] FIG. 3 1s a timing diagram illustrating an operation
of the data receiving circuit of FIG. 2.

[0012] FIG. 4 1s a diagram of a data receiving circuit 1n
accordance with another embodiment.

[0013] FIG. 51s a timing diagram illustrating an operation
of the data receiving circuit of FIG. 4.

DETAILED DESCRIPTION

[0014] Various embodiments are described below 1n more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure 1s thorough and complete and
fully conveys the scope of the present invention to those
skilled 1n the art. Throughout the disclosure, like reference
numerals refer to like parts throughout the various figures
and embodiments of the present invention. Also, throughout
the specification, reference to “an embodiment,” “another
embodiment” or the like 1s not necessarily to only one
embodiment, and different references to any such phrase are
not necessarily to the same embodiment(s).

[0015] It will be understood that, although the terms
“first”, “second”, “third”, and so on may be used herein to
describe various elements, these elements are not limited by
these terms. These terms are used to distinguish one element
from another element. Thus, a first element described below
could also be termed as a second or third element without
departing from the spirit and scope of the present invention.

[0016] It will be further understood that when an element
1s referred to as being “connected to”, or “coupled to”
another element, 1t may be directly on, connected to, or
coupled to the other element, or one or more intervening
clements may be present. In addition, 1t will also be under-
stood that when an element 1s referred to as being “between”
two elements, 1t may be the only element between the two
clements, or one or more intervening elements may also be
present. Communication between two elements, whether
directly or indirectly connected/coupled, may be wired or
wireless, unless stated or the context indicates otherwise.
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[0017] As used herein, singular forms may include the
plural forms as well and vice versa, unless the context
clearly indicates otherwise. The articles ‘a’ and ‘an’ as used
in this application and the appended claims should generally
be construed to mean ‘one or more’ unless specified other-
wise or clear from context to be directed to a singular form.
[0018] It will be further understood that the terms “com-
prises,” “comprising,” “includes,” and “including” when
used 1n this specification, specily the presence of the stated
elements and do not preclude the presence or addition of one
or more other elements. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0019] FIG. 2 1s a diagram of a data receiving circuit 200
in accordance with an embodiment.

[0020] Referring to FIG. 2, the data receiving circuit 200
may include a vanable delay circuit 210, a receiving circuit
220, a phase shift circuit 230, a phase comparison circuit 240
and a delay adjusting circuit 250.

[0021] The vanable delay circuit 210 may generate a
delayed strobe signal DQS_D by delaying a strobe signal
DQS recerved through a strobe pad 202. The varniable delay
circuit 210 may have a delay value which 1s adjusted
according to a delay code CODE<O0:5>. In the present
embodiment, the delay code CODE<0:5> may have six bits.
However, the present invention 1s not limited to any par-
ticular length of delay code. Rather, the delay code may have
any suitable number of bits.

[0022] The receiving circuit 220 may receive data DQ
through a data pad 201 and sample the data DQ in synchro-
nization with the delayed strobe signal DQS_D. Specifically,
the recerving circuit 220 may sample the data DQ at rising
and falling edges of the delayed strobe signal DQS_D, and
output the sampled data DQ_S. The receiving circuit 220
may include a dual edge-type D tlip-tlop which receives the
data DQ through an input terminal (D) thereof, receives the
delayed strobe signal DQS_D through a clock terminal
thereof, and outputs the sampled data DQ_S through an
output terminal (Q) thereof.

[0023] The phase shift circuit 230 may generate a shifted
strobe signal DQS_D 90 by shifting the phase of the
delayed strobe signal DQS_D by a certain degree, e.g., 90
degrees. The phase shift circuit 230 may include a delay
circuit having a delay value corresponding to a portion, e.g.,
/4, of one cycle of the strobe signal DQS.

[0024] The phase comparison circuit 240 may compare the
phases of the data DQ with the shifted strobe signal DQS_
D_90. The phase comparison circuit 240 may sample the
shifted strobe signal DQS_D_90 in synchronization with the
data DQ. Specifically, the phase comparison circuit 240 may
sample the shifted strobe signal DQS_D_90 at a select, e.g.,
rising, edge of the data DQ. The phase comparison circuit
240 may include a rising edge-type D flip-tlop which
receives the shifted strobe signal DQS_D_90 through an
input terminal (D) thereof, receives the data DQ through a
clock terminal thereof, and outputs the phase comparison
result COMP through an output terminal (Q) thereof.

[0025] The delay adjusting circuit 250 may adjust the
delay value of the variable delay circuit 210 1n response to
the phase comparison result COMP and the delayed strobe
signal DQS_D. Based on the levels of the phase comparison
result COMP and the delayed strobe signal DQS_D), 1t 1s
possible to determine which one of the shifted strobe signal

DQS_D_90 and the data DQ leads the other. When the delay
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value of the varniable delay circuit 210, 1.e., the value of the
delay code CODE<O0:5> 1s adjusted according to the deter-
mination result, the rising and falling edges of the delayed
strobe signal DQS_D may be aligned with the centers of the
data DQ. Table 1 below summarizes the operation of the
delay adjusting circuit 250.

[0026] Referring to Table 1, the operation of the delay
adjusting circuit 250 can be clearly understood.
TABLE 1
DQS_D COMP Meaning CODE<0:5>
H H DQS__D_ 90 leads DQ, and delay +1
value of variable delay circuit
needs to be increased
L DQS__D_ 90 lags behind DQ, and -1
delay value of variable delay
circuit needs to be decreased
H H DQS__D_ 90 lags behind DQ, and -1
delay value of variable delay
circuit needs to be decreased
L DQS__D_ 90 leads DQ, and delay +1
value of variable delay circuit
needs to be increased
[0027] The delay adjusting circuit 250 may operate 1n

synchronization with delayed data DQ_D, 1.e., data DQ that
has been delayed by a delay circuit 251. That 1s, the delay
adjusting circuit 250 may update the delay code CODE<QO:
5> after a set time has elapsed from a rising edge of the data
DQ or specifically a time corresponding to the delay value
of the delay circuit 251 has elapsed.

[0028] FIG. 3 1s a timing diagram illustrating an operation
of the data receiving circuit 200 of FIG. 2.

[0029] By way of example, FIG. 3 illustrates that the data
DQ hasapatternof (L, L, L, H, L, H, H, L, L, L, H, H, L,
H, L, L, H, H), where ‘L’ and ‘H’ represent logic low and
logic high levels respectively.

[0030] Referring to FIG. 3, at time ‘301’ that the data DQ
transitions from logic low level L to logic high level H, that
1s, at a rising edge of the data DQ, the phase comparison
circuit 240 may generate the phase comparison result COMP
as logic high level H by sampling the shifted strobe signal
DQS_D_90. Since the level of the delayed strobe signal
DQS_D at time ‘301’ 1s logic high level H, the delay
adjusting circuit 250 may adjust the value of the delay code
CODE<0:5> from 31 to 32, or increase the value of the
delay code CODE<O0:5> by +1.

[0031] At time ‘303’ corresponding to the next rising edge
of the data DQ), the phase comparison result COMP has logic
high level H, and the level of the delayed strobe signal
DQS_D 1s logic hugh level H. Theretore, the delay adjusting
circuit 250 may adjust the value of the delay code CODE<QO:
5> from 32 to 33, or increase the value of the delay code
CODE<0:5> by +1.

[0032] At time ‘305’ corresponding to the next rising edge
of the data DQ), the phase comparison result COMP has logic
low level L and the level of the delayed strobe signal
DQS_D 1s logic low level L. Therefore, the delay adjusting
circuit 250 may adjust the value of the delay code CODE<QO:
5> from 33 to 34, or increase the value of the delay code
CODE<0:5> by +1.

[0033] At time ‘307 corresponding to the next rising edge
of the data DQ), the phase comparison result COMP has logic
high level H and the level of the delayed strobe signal
DQS_D 1s logic hugh level H. Theretore, the delay adjusting
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circuit 250 may adjust the value of the delay code CODE<QO:
5> from 34 to 335, or increase the value of the delay code

CODE<0:5> by +1.

[0034] At time ‘309’ corresponding to the next rising edge
of the data DQ, the phase comparison result COMP has logic
high level H and the level of the delayed strobe signal
DQS_D 1s logic low level L. Therefore, the delay adjusting
circuit 250 may adjust the value of the delay code CODE<QO:

5> from 35 to 34, or decrease the value of the delay code
CODE<0:5> by -1.

[0035] Through such an operation, the rising and falling
edges of the delayed strobe signal DQS_D may be aligned
with the centers of the data DQ. As a result, the receiving
circuit 220 may receive the data DQ 1n synchromization with
the delayed strobe signal DQS_D with the optimal margin.

[0036] FIG. 4 1s a diagram of a data receiving circuit 400
in accordance with another embodiment.

[0037] Referring to FIG. 4, the data receiving circuit 400
may include a vaniable delay circuit 410, a receiving circuit
420, a frequency multiplier circuit 430, a sampling circuit
440 and a delay adjusting circuit 450.

[0038] The vanable delay circuit 410 may generate a
delayed strobe signal DQS_D by delaying a strobe signal
DQS recerved through a strobe pad 402. The variable delay
circuit 410 may have a delay value which 1s adjusted
according to a delay code CODE<O0:5>. In the present
embodiment, the delay code CODE<0:5> may have six bits.
However, as previously noted 1n connection with FIG. 2, the
invention 1s not so limited; the delay code may have any
suitable number of bits.

[0039] The receiving circuit 420 may receive data DQ
through a data pad 401 and sample the data DQ 1n synchro-
nization with the delayed strobe signal DQS_D. Specifically,
the recerving circuit 420 may sample the data DQ at rising
and falling edges of the delayed strobe signal DQS_D, and
output the sampled data DQ_S. The receiving circuit 420
may include a dual edge-type D tlip-flop which receives the
data DQ through an input terminal (D) thereof, receives the
delayed strobe signal DQS_D through a clock terminal
thereof, and outputs the sampled data DQ_S through an
output terminal (Q) thereof.

[0040] The frequency multiplier circuit 430 may generate
a high-frequency strobe signal DQS_2X having a frequency
twice as high as that of the delayed strobe signal DQS_D.
The frequency multiplier circuit 430 may include a phase
shift circuit 431 and an XOR gate 432. The phase shift
circuit 431 may generate a shifted strobe signal DQS_D_90
by shifting the phase of the delayed strobe signal DQS_D by
certain degree, e.g., 90 degrees. The phase shift circuit 431
may 1nclude a delay circuit having a delay value correspond-

ing to a portion, e.g., ¥4, of one cycle of the strobe signal
DQS. The XOR gate 432 may receive the delayed strobe

signal DQS_D and the shifted strobe signal DQS_D_90, and
output the high-frequency strobe signal DQS_2X.

[0041] The sampling circuit 440 may sample the high-
frequency strobe signal DQS_2X 1n synchronization with
the data DQ. Specifically, the sampling circuit 440 may
sample the high-frequency strobe signal DQS_2X at rising
and falling edges of the data DQ, and output the sampling
result. The sampling circuit 440 may 1ncludes a dual edge-
type D flip-flop which receives the high-frequency strobe
signal DQS_2X through an mput terminal (D) thereof,
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receives the data DQ through a clock terminal thereof, and
outputs the sampling result SAMPLE through an output
terminal (Q) thereof.

[0042] The delay adjusting circuit 450 may adjust the
delay value of the variable delay circuit 410, 1.e., the value
of the delay code CODE<O0:5> 1n response to the sampling
result SAMPLE. The delay adjusting circuit 450 may
decrease the delay value of the variable delay circuit 410
when the sampling result SAMPLE has a logic high level H,
and increase the delay value of the variable delay circuit 410
when the sampling result SAMPLE has a logic low level L.
Table 2 below summarizes the operation of the delay adjust-
ing circuit 450. Referring to Table 2, the operation of the
delay adjusting circuit 450 can be clearly understood.

TABLE 2

SAMPLE Meaning CODE<0:5>

H DQS__D_ 90 lags behind DQ, and delay -1
value of variable delay circuit needs
to be decreased

L DQS__D_ 90 leads DQ, and delay value +1
of variable delay circuit needs to
be increased

[0043] The delay adjusting circuit 450 may operate 1n
synchronization with delayed data DQ_D, 1.e., data DQ that
has been delayed by the delay circuit 451. That 1s, the delay
adjusting circuit 450 may update the delay code CODE<QO:
5> after a set time has elapsed from a rising or falling edge
of the data DQ or specifically a time corresponding to the
delay value of the delay circuit 451 has elapsed.

[0044] FIG. 5 1s a timing diagram 1llustrating an operation
of the data receiving circuit 400 of FIG. 4.

[0045] By way of example, FIG. 5 illustrates that the data
DQ has a pattemm of (L, L, L, H, L, H, H, L, L, L, H, H),
where, as 1n FIG. 3, ‘L and ‘H’ represent logic low and logic
high levels respectively.

[0046] Referring to FIG. S5, at time ‘501’ that the data DQ
transitions from a logic low level L to a logic high level H,
that 1s, at a rising edge of the data DQ, the sampling circuit
440 may generate the sampling result SAMPLE as logic low
level L by sampling the high-frequency strobe signal DQS_
2X. The delay adjusting circuit 450 may adjust the value of
the delay code CODE<0:5> from 31 to 32 or increase the
value by “+17, 1n response to the sampling result SAMPLE.
[0047] At time ‘503’ that the data DQ transitions from
logic high level H to logic low level L, that 1s, at a falling
edge of the data DQ), the sampling circuit 440 may generate
the sampling result SAMPLE as logic low level L by
sampling the high-frequency strobe signal DQS_2X. The
delay adjusting circuit 450 may adjust the value of the delay
code CODE<O0:5> from 32 to 33 or increase the value by +1,
in response to the sampling result SAMPLE.

[0048] At time ‘505’ that the data DQ transitions from
logic low level L to logic high level H, that is, at a rising
edge of the data DQ, the sampling circuit 440 may generate
the sampling result SAMPLE as logic low level L by
sampling the high-frequency strobe signal DQS_2X. The
delay adjusting circuit 450 may adjust the value of the delay
code CODE<0:5> from 33 to 34 or increase the value by
“+17, 1n response to the sampling result SAMPLE.

[0049] At time ‘S07’ that the data DQ transitions from
logic high level H to logic low level L, that 1s, at a falling
edge of the data DQ), the sampling circuit 440 may generate
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the sampling result SAMPLE as logic low level L by
sampling the high-frequency strobe signal DQS_2X. The
delay adjusting circuit 450 may adjust the value of the delay
code CODE<Q0:5> from 34 to 35 or increase the value by +1,
in response to the sampling result SAMPLE.

[0050] At time °509° that the data DQ transitions from
logic low level L to logic high level H, that is, at a rising
edge of the data DQ, the sampling circuit 440 may generate
the sampling result SAMPLE as logic high level H by
sampling the high-frequency strobe signal DQS_2X. The
delay adjusting circuit 450 may adjust the value of the delay
code CODE<O0:5> from 35 to 34 or decrease the value by -1,
in response to the sampling result SAMPLE.

[0051] Through such an operation, the rising and falling
edges of the delayed strobe signal DQS_D may be aligned
with the centers of the data DQ. As a result, the receiving
circuit 420 may recerve the data DQ 1n synchronization with
the delayed strobe signal DQS_D having the optimal mar-
gin. Since the data recerving circuit 400 of FIG. 4 adjusts the
delay value of the delayed strobe signal DQS_D at both of
the rnising and falling edges of the data DQ, the data
receiving circuit 400 1s configured to align the rising and
talling edges of the delayed strobe signal DQS_D with the
centers of the data DQ faster than the data receiving circuit
200 of FIG. 2.

[0052] In accordance with embodiments, the data and the
strobe signal are aligned with each other.

[0053] Although various embodiments have been 1llus-
trated and described, 1t will be apparent to those skilled in
the art 1n light of the present disclosure that various changes
and modifications may be made without departing from the
spirit and scope of the invention as defined 1n the following
claims.

What 1s claimed 1s:
1. A data receiving circuit comprising;

a variable delay circuit suitable for generating a delayed

strobe signal by delaying a strobe signal;

a receiving circuit suitable for sampling data 1n synchro-

nization with the delayed strobe signal;

a phase shift circuit suitable for generating a shifted strobe

signal by shifting a phase of the delayed strobe signal;

a phase comparison circuit suitable for comparing phases

of the data and the shifted strobe signal; and

a delay adjusting circuit suitable for adjusting a delay

value of the vanable delay circuit 1n response to the
phase comparison result of the phase comparison cir-
cuit.

2. The data recerving circuit of claim 1, wherein the phase
comparison circuit generates the phase comparison result by
sampling the shifted strobe signal in synchronization with
the data.

3. The data recei1ving circuit of claim 2, wherein the delay
adjusting circuit increases or decreases the delay value of the
variable delay circuit using the phase comparison result and
the delayed strobe signal.

4. The data recerving circuit of claim 3, wherein the phase
comparison circuit samples the shifted strobe signal at a
rising edge of the data,

wherein, when the delayed strobe signal 1s at a high level,

the delay adjusting circuit increases the delay value of
the variable delay circuit 1n the case that the phase
comparison result indicates a high level, and decreases
the delay value of the variable delay circuit 1n the case
that the phase comparison result indicates a low level,
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wherein, when the delayed strobe signal 1s at a low level,
the delay adjusting circuit increases the delay value of
the vaniable delay circuit 1n the case that the phase
comparison result indicates a low level, and increases
the delay value of the variable delay circuit 1n the case
that the phase comparison result indicates a high level.

5. The data receiving circuit of claim 4, wherein the delay
adjusting circuit updates the delay value of the variable
delay circuit after a set time has elapsed from a rising edge

of the data.

6. The data rece1ving circuit of claim 2, wherein the phase
comparison circuit comprises a D flip-flop suitable for
rece1ving the shifted strobe signal through an input terminal
thereol, receiving the data through a clock terminal thereof,
and outputting the phase comparison result through an
output terminal thereof.

7. A data receiving circuit comprising:

a variable delay circuit suitable for generating a delayed
strobe signal by delaying a strobe signal;

a receiving circuit suitable for sampling data in synchro-
nization with the delayed strobe signal;

a Ifrequency multiplier circuit suitable for generating a

high-frequency strobe signal having a frequency twice
as high as that of the delayed strobe signal;

a sampling circuit suitable for sampling the high-fre-
quency strobe signal 1n synchronization with the data;
and

a delay adjusting circuit suitable for adjusting a delay
value of the variable delay circuit in response to the
sampling result of the sampling circuat.

8. The data receiving circuit of claim 7, wherein the
frequency multiplier circuit comprises:

a phase shift circuit suitable for generating a shifted strobe
signal by shifting a phase of the delayed strobe signal
by 90 degrees; and

an XOR gate suitable for receiving, and performing an
XOR operation on, the delayed strobe signal and the
shifted strobe signal, and outputting the high-frequency
strobe signal.

9. The data receiving circuit of claim 7, wherein the
sampling circuit samples the high-frequency strobe signal at
a rising edge and a falling edge of the data.

10. The data recerving circuit of claim 9, wherein the
delay adjusting circuit decreases the delay value of the
variable delay circuit when the sampling result of the
sampling circuit indicates a high level, and increases the
delay value of the variable delay circuit when the sampling
result of the sampling circuit indicates a low level.

11. The data receiving circuit of claim 9, wherein the
sampling circuit comprises a dual edge-type D thp-flop
suitable for receiving the high-frequency strobe signal
through an 1nput terminal thereot, receiving the data through
a clock terminal thereof, and outputting the sampling result
through an output terminal thereof.

12. The data receiving circuit of claim 10, wherein the
delay adjusting circuit updates the delay value of the vari-
able delay circuit after a set time has elapsed from a rising
or falling edge of the data.

13. A data receiving circuit comprising:

a variable delay circuit suitable for receiving a strobe
signal and delaying the strobe signal by a variable delay
value to generate a delayed strobe signal;
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a recerving circuit suitable for receiving data and sam-
pling the data in synchronization with the delayed
strobe signal;

a phase comparison circuit suitable for detecting a phase
difference between the data and a shifted strobe signal,
which 1s generated by shifting a phase of the delayed
strobe signal; and

a delay adjusting circuit, which operates in synchroniza-
tion with delayed data generated by delaying the data,
suitable for adjusting the variable delay value based on
the detected phase difference.

14. The data receiving circuit of claim 13, further com-

prising:

a phase shift circuit suitable for receiving the delayed
strobe signal and generating the shifted strobe signal by
shifting the phase of the delayed strobe signal.

e e e e e
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