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DATA OUTPUT CONTROLLER IN
SEMICONDUCTOR MEMORY DEVICE AND
CONTROL METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a data output
controller of a high frequency memory device, and more
particularly to a controller and a method for controlling a
data output of a high-speed memory device by using CAS
latency.

[0003] 2. Description of the Prior Art

[0004] Generally, a period of time required for outputting
data out of a chip after applying a read command to a
memory device is defined in a specification. Typically, such
a period of time required for outputting data is represented
as CAS latency (CL), which is a number of external clock
signals. For instance, if CL is 4, data are outputted after four
clocks. The CAS latency is initially determined according to
an MRS (mode register set) signal.

[0005] That is, since data are outputted from a memory
device in accordance with a time defined in the specification,
the CAS latency may increase as frequency of the memory
device becomes increased. For instance, if the frequency of
the memory device increases by two times during a prede-
termined period of data output time, the CAS latency may
increase from 4 to 8. However, currently used high-speed
memory devices cannot continuously increase the CAS
latency according to an increase of the frequency thereof.

[0006] This is because the high-speed memory devices
equipped with a conventional CAS latency technique may
restrict an operation of an internal counter, which controls
the data output time according to the CAS latency. For
example, if the CAS latency is 12 and a period of time for
an external clock signal tCK is ins, DLL CLK is generally
advanced by 3.5 ns and a time required for analyzing a read
command is 2.5 ns. In addition, if a period of time from the
read command to the data output is 12 ns, a time assigned
to an internal counter is 6 ns (12 ns-3.5 ns-2.5 ns=6 ns).
Herein, the internal counter generates 11 counter signals in
order to synchronize the data output time with the CAS
latency of 12. Accordingly, if at least 600 ps of time is
required for one counter action of the internal counter, a time
for the internal counter is represented as 11x6.6=6.6 ns,
which exceeds the time (6 ns) assigned to the internal
counter. Therefore, it is difficult to precisely control the data
output time.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention has been made
to solve the above-mentioned problems occurring in the
prior art, and an object of the present invention is to provide
a controller and a method capable of preventing a high-
speed memory device from malfunctioning by precisely
controlling a data output time of the high-speed memory
device.

[0008] Another object of the present invention is to pro-
vide a technique for outputting data by externally synchro-
nizing the data with CAS latency while selectively using an
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output enable control signal if the CAS latency of a high-
speed memory device has been determined.

[0009] In order to accomplish the above objects, according
to a first aspect of the present invention, there is provided a
data output controller of a semiconductor device, the data
output controller comprising:

[0010] a delay unit for delaying an external clock signal;
[0011] a delay line for delaying an output signal of the
delay unit;

[0012] a phase detector for detecting a differential phase

between the external clock signal and an output signal of the
delay line;

[0013] a clock counter/delay line control unit for output-
ting a counter signal capable of controlling a time delay of
the delay line in response to an output signal of the phase
detector;

[0014] atiming decoder/register for checking frequency of
the external clock signal in response to an output signal of
the clock counter/delay line control unit and storing infor-
mation related to the frequency; and

[0015] a multiplexer for receiving a plurality of output
enable control signals, wherein the multiplexer selects one
of output enable control signals according to the frequency
information of the external clock signal which is checked by
the timing decoder/register, and the output enable control
signals include CAS latency of the semiconductor memory
device and control an operation of an output driver of the
semiconductor memory device.

[0016] According to the preferred embodiment of the
present invention, if the CAS latency of the memory device
is n, the output enable control signal outputted from the
multiplexer includes one of a first output enable control
signal representing the CAS latency of n, a second output
enable control signal representing the CAS latency of n-1,
and a third output enable control signal representing the
CAS latency of n-2.

[0017] According to the preferred embodiment of the
present invention, if the CAS latency of the memory device
is n, the output enable control signal outputted from the
multiplexer includes one of a first output enable control
signal representing the CAS latency of n and a plurality of
output enable control signals representing the CAS latency
less than n.

[0018] In order to accomplish the above objects, according
to a second aspect of the present invention, there is provided
a data output controller of a semiconductor device, the data
output controller comprising: a first means for detecting a
unit delay multiple of an external clock signal based on the
external clock signal and a delay circuit of the external clock
signal; a second means for analyzing data in an information
storage unit, in which an internal timing is defined, by using
values detected by the first means; and a third means for
adjusting a data output timing in accordance with predeter-
mined CAS latency based on analyzed values obtained
through the second means.

[0019] According to the preferred embodiment of the
present invention, the first means includes a delay unit for
delaying the external clock signal, a delay line for delaying
an output signal of the delay unit, and a phase detector for
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detecting a differential phase between the external clock
signal and an output signal of the delay line.

[0020] The second means includes a clock counter/delay
line control unit for outputting a counter signal capable of
controlling a time delay of the delay line in response to an
output signal of the phase detector and a timing decoder/
register for checking frequency of the external clock signal
in response to an output signal of the clock counter/delay
line control unit and storing information related to the
frequency.

[0021] The third means includes a multiplexer for receiv-
ing a plurality of output enable control signals in order to
control a data output enable time n response to an output
signal of the timing decoder/register

[0022] Inorderto accomplish the above objects, according
to a third aspect of the present invention, there is provided
a method for controlling an output of data in a semiconduc-
tor memory device, the method comprising the steps of: 1)
detecting a unit delay multiple of an external clock signal
based on the external clock signal and a delay of the external
clock signal; ii) analyzing data in an information storage
unit, in which an internal timing is defined, based on values
detected in step 1); and iii) adjusting a data output timing in
accordance with predetermined CAS latency based on val-
ues analyzed in step ii).

[0023] According to the preferred embodiment of the
present invention, step ii) includes the substeps of: storing a
timing of an internal signal by using a ROM, in which a
period of time required for generating a signal created by
analyzing a read command from an input of an external
clock is stored as a multiple of a unit delay timing; storing
a read replica as a multiple of CUD by using the ROM; and
calculating cycles of lost DDL-clocks by using data stored
in the ROM.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0025] FIG. 1 is a block diagram of a data output con-
troller according to one embodiment of the present inven-
tion;

[0026] FIG. 2 is a view showing waveforms of an external
clock signal and a delay signal passing through a delay
section;

[0027] FIG. 3 is a view illustrating a delay line shown in
FIG. 1;

[0028] FIG. 4 is a view illustrating a phase detector shown
in FIG. 1;
[0029] FIG. 5 is a view for explaining a basic operation of

a detector shown in FIG. 4,

[0030] FIG. 6 is a view showing signals when an output
signal of a detection termination unit is enabled, an output
signals of a delay-up unit is enabled, and an output signal of
a delay-down unit is enabled;

[0031]
FIG. 4;

FIG. 7 is a block diagram of a detector shown in
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[0032] FIG. 8 is a circuit view of a lock generator shown
in FIG. 4;

[0033] FIG. 9 is a circuit view for explaining an operation
of a multiplexer shown in FIG. 1; and

[0034] FIG. 10 is a view showing a waveform of a signal
when CAS latency is 16.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Hereinafter, the present invention will be described
with reference to accompanying drawings.

[0036] FIG. 1 is a block diagram of a data output con-
troller according to one embodiment of the present inven-
tion.

[0037] The data output controller shown in FIG. 1
includes a delay unit 101 for delaying an external clock
signal, a delay line 102 for delaying an output signal of the
delay unit 101, a phase detector 103 for detecting a differ-
ential phase between the external clock signal and the output
signal of the delay line 102, a clock counter/delay line
control unit 104 for outputting a counter signal capable of
controlling a time delay of the delay line 102 in response to
an output signal of the phase detector 103, a timing decoder/
register 105 for checking frequency of the external clock
signal in response to an output signal of the clock counter/
delay line control unit 104 and storing frequency informa-
tion therein, and a multiplexer 106 for receiving a plurality
of output enable control signals.

[0038] A method for controlling an output of data in a
semiconductor memory device having the above data output
controller according to the present invention includes the
steps of detecting a unit delay multiple of an external clock
signal based on the external clock signal and a delay of the
external clock signal, performing an analysis in an informa-
tion storage unit, in which an internal timing is defined,
based on a detected unit delay multiple, and adjusting a data
output timing in accordance with predetermined CAS
latency based on a value obtained through the analysis.

[0039] The delay unit 101 receives the external clock
signal EXT CLK and the output signal EXT CLK_D of the
delay unit 101 is obtained through delaying the external
clock signal EXT CLK by a predetermined time. According
to the present invention, the external clock signal EXT CLK
is delayed by Y% tCLK, which is a period of the external
clock signal EXT CLK.

[0040] The delay line 102 receives the output signal EXT
CLK_D of the delay unit 101 and the output signal EXT
CLKD2 of the delay line is obtained through delaying the
output signal EXT CLK_D of the delay unit 101 by a
predetermined time. At an initial stage, the time delay for the
delay line 102 is substantially “zero”. Thus, the output signal
EXT CLK_D of'the delay unit 101 is transferred to the phase
detector without a time delay. A circuit structure of the delay
line 102 is shown in FIG. 3. As shown in FIG. 3, the delay
line 102 includes a plurality of unit delay devices 31 to 33.

[0041] The phase detector 103 compares the external
clock signal EXT CLK with the output signal EXT CLK_D2
of the delay line 102. Since the time delay for the delay line
102 is zero in the initial stage, the phase detector 103 may
detect a differential phase of ¥ tCLK as shown in FIG. 2.



US 2006/0203577 Al

FIG. 2 shows the differential phase between the external
clock signal EXT CLK and the output signal EXT CLK_D2
of the delay line 102 in the initial stage.

[0042] That is, the phase detector 103 detects the differ-
ential phase between the external clock signal EXT CLK and
the output signal EXT CLK_D2 of the delay line 102.

[0043] The output signal of the phase detector 103 is
transferred to the clock counter/delay line control unit 104.

[0044] The clock counter/delay line control unit 104
adjusts a time delay for the delay line 102 in response to the
output signal of the phase detector 103. That is, the clock
counter/delay line control unit 104 generates a plurality of
counter signals in order to adjust the time delay of the delay
line 102. For instance, as shown in FIG. 3, the clock
counter/delay line control unit 104 adjusts a delay signal
EXT CLK_D applied to the delay line 102 by using counter
signals (Cont_n, Cont_n-1, . . ., and Cont_1).

[0045] The timing decoder/register 105 detects the num-
ber of enabled counter signals in response to the counter
signals of the clock counter/delay line control unit 104 and
stores the number of enabled counter signals in a register.
The time delay of the counter signal can be detected by
checking the number of enabled counter signals.

[0046] That is, if a signal generated by analyzing a read
command is a CASP-RD signal, a timing decoder has a
timing of an internal signal in the form of a ROM, in which
aperiod of time required for generating the CASP-RD signal
on the basis of an input of an external clock is stored as a
multiple of CUD shown in FIG. 3. Such data are predeter-
mined in the initial stage of designing the timing decoder. In
addition, the timing decoder has a read replica in the form
of a ROM as a multiple of the CUD. The timing decoder
calculates cycles of lost DDL-clocks by adding the above
data to each other. The multiplexer 106 controls an operation
of the semiconductor memory device based on the calcu-
lated data.

[0047] A signal outputted from the timing decoder/register
105 represents the degree of time delay.

[0048] The ACT signals applied to the clock counter/delay
line control unit 104 and the timing decoder/register 105 are
enable signals.

[0049] The multiplexer 106 receives signals outputted
from the timing decoder/register 105. FIG. 9 shows an
example of the multiplexer 106.

[0050] Referring to FIG. 9, the multiplexer 106 receives a
plurality of output enable signals (OE00, OE02, OE04, . . .
, OE18, and OE20) and selects one of the output enable
signals (OE00, OE02, OE04, . . . , OE18, and OE20) in
response to the output signal of the timing decoder/register
105. Herein, two-figured numbers of the output enable
signals (OE00, OE02, OE04, . . . , OE18, and OE20)
represent the CAS latency. For example, OE04 represents
that the CAS latency is 4. A concept of the present invention
regarding the above CAS latency will be described later in
detail with reference to FIG. 9.

[0051] The output signal ROUT of the multiplexer 106 is
a control signal synchronized with a rising edge of a clock
so as to output data, an output signal FOUT of the multi-
plexer 106 is a control signal synchronized with a falling
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edge of a clock so as to output data, and an output signal
DQS_PRE of the multiplexer 106 is a control signal for
generating an internal DQS signal.

[0052] FIG. 2 is a view showing waveforms of an external
clock signal EXT CLK and a delay signal EXT CLK_D
passing through the delay section 101. As can be understood
from FIG. 2, the delay signal EXT CLK_D is outputted
while being delayed by Vs tCLK with regard to the external
clock signal EXT CLK.

[0053] FIG. 3 is a view illustrating the delay line shown
in FIG. 1.

[0054] Referring to FIG. 3, “CUD (coarse unit delay)”
represents a unit delay device, and counter signals (Cont_n,
Cont_n-1, . . ., and Cont_1) are signals outputted from the
clock counter/delay line control unit 104. As is understood
from FIG. 3, the time delay before the delay signal EXT
CLK_D has passed through the delay line is determined
according to a logic level of the counter signals.

[0055] FIG. 4 is a view illustrating the phase detector 103
shown in FIG. 1.

[0056] The phase detector 103 includes a detector 401, a
lock signal generator 402, a delay-up unit 403, a delay-down
unit 404 and a detection termination unit 405.

[0057] The detector 401 includes a circuit for comparing
a phase of the external clock signal EXT CLK with a phase
of'the delay signal EXT CLLK_D2, which is an output signal
of the delay line 102.

[0058] FIG. 7 is a block diagram of the detector 401. As
shown in FIG. 7, the detector 401 includes comparators 75,
76 and 77. The comparator 76 directly compares the phase
of the external clock signal EXT CLK with the phase of the
delay signal EXT CLK_D2. An output signal of the com-
parator 76 is “PD1”. The comparator 75 compares the
external clock signal EXT CLK with the delay signal EXT
CLK_D2 passing through a unit delay device 71. An output
signal of the comparator 75 is “PD2”. The comparator 77
compares the external clock signal EXT CLK with the delay
signals EXT CLK_D2 passing through three unit delay
devices 72, 73 and 74 which are connected to each other in
series. An output signal of the comparator 77 is “PD3”.
Hereinafter, a logic level of signals outputted from the
comparators 75, 76 and 77 will be described with reference
to FIG. 5. In FIG. 5, EXT CLK represents an external clock
signal, and Delay_clk represents signals applied to the
comparators 75, 76 and 77 shown in FIG. 7. As can be
understood from FIG. 5, if the external clock signal EXT
CLK is a high level during a rising edge of the delay signal
Delay_clk, outputs of the comparators are high levels. In
contrast, if the external clock signal EXT CLK is a low level
during the rising edge of the delay signal Delay_clk, outputs
of the comparators are low levels. For example, in FIG. 7,
if the external clock signal EXT CLK is a high level during
the rising edge of the delay signal EXT CLK_D2 applied to
the comparator 75 through the unit delay device 71, the
comparator 75 outputs a high level signal. In contrast, if the
external clock signal EXT CLK is a low level during the
rising edge of the delay signal EXT CLK_D2 applied to the
comparator 75 through the unit delay device 71, the com-
parator 75 outputs a low level signal.

[0059] The lock signal generator 402 shown in FIG. 4
checks an amount of the time delay by receiving output
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signals PD1, PD2 and PD3 of the detector 401. FIG. 8
shows an example of the lock signal generator 402 shown in
FIG. 4. As shown in FIG. 8, if logic levels of the output
signals PD1, PD2 and PD3 of the detector 401 are [, [, and
H, respectively, an output signal Ready_LLOCK of the lock
signal generator 402 becomes a high level. Otherwise, the
output signal Ready_ILOCK of the lock signal generator 402
is a low level.

[0060] The delay-up unit 403 outputs a signal Delay_up
for increasing the time delay of the delay line 102. Upon
receiving the signal Delay_up, the clock counter/delay line
control unit 104 increases the time delay of the delay line
102.

[0061] The delay-down unit 404 outputs a signal
Delay_Dn for decreasing the time delay of the delay line
102. Upon receiving the signal Delay_Dn, the clock counter/
delay line control unit 104 decreases the time delay of the
delay line 102.

[0062] The detection termination unit 405 outputs a signal
Delay_OK for adjusting the time delay of the delay line 102.
Upon receiving the signal Delay_OK, the clock counter/
delay line control unit 104 fixes the time delay of the delay
line 102.

[0063] FIG. 6 is a view showing signals when an output
signal of the detection termination unit 405 is enabled, an
output signals of the delay-up unit 403 is enabled, and an
output signal of the delay-down unit 404 is enabled.

[0064] In FIG. 6, a signal Delay_clk is identical to the
signal EXT_CLKD2 shown in FIG. 6.

[0065] As is understood from FIG. 6, an output signal for
determining an increase, a decrease or a fixation of the time
delay of the delay line is generated by detecting a differential
phase between the external clock signal EXT CLK and the
delay signal.

[0066] FIG. 7 is a block diagram of the detector 401
shown in FIG. 4.

[0067] FIG. 8 is a circuit view of the lock generator 402
shown in FIG. 4.

[0068] FIG. 9 is a circuit view for explaining an operation
of the multiplexer 106 shown in FIG. 1, in which the
multiplexer 106 generates the output signal ROUT accord-
ing to the CAS latency. That is, FIG. 9 is not a full circuit
view of the multiplexer 106 shown in FIG. 1, but a circuit
view for explaining only a procedure of the multiplexer 106
outputting the ROUT signal. However, the circuit diagram
shown in FIG. 9 is not significantly different from the circuit
diagram of the multiplexer 106 generating output signals
FOUT and DQS_PRE shown in FIG. 1.

[0069] In FIG. 9, OE05, OE06, OE07 and QEOS repre-
sent output enable signals for enabling output data when CL
is 5, 6, 7 and 8, respectively.

[0070] Generally, if the CL is 5, data are outputted through
an output circuit after 5 clocks from the read command. At
this time, a signal for controlling an operation of the data
output driver is OE05.

[0071] However, in cases of high-speed memory devices,
such as DDR SDRAM and DDR2 SDRAM, described in
relation to the prior art, it is difficult to precisely match the
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CAS latency with the output enable control signal due to an
increase of frequency of the clock signal.

[0072] In order to solve the above problem, the present
invention suggests a method of outputting data by externally
synchronizing the data with the CAS latency while selec-
tively using the output enable control signal if the CAS
latency of the memory device is determined.

[0073] Hereinafter, the present invention will be described
in detail with reference to FIG. 9. For reference, OUT[1],
OUT[2], OUT[3] and OUT[4] are output signals of the
timing decoder/register 105 shown in FIG. 1.

[0074] Ifthe CL of the memory device is 5, a switch SW1
is enabled. Accordingly, the output enable signal OE05 is
transferred to the output terminal ROUT while passing
through the switch SW1.

[0075] Ifthe CL of the memory device is 6, a switch SW2
is enabled. Accordingly, after one of the output enable
control signals OE05 and OE06 has been selected, the
selected enable control signal is transferred to the output
terminal ROUT by passing through the switch SW2. For
instance, when the frequency of the clock signal applied to
the memory device is maintained in a proper range, if the CL.
is 6, the output enable control signal OE06 is transferred to
the output terminal ROUT by passing through the switch
SW2. However, when the frequency of the clock signal
applied to the memory device exceeds the proper range, it
may be difficult to output the data by synchronizing the data
with the CL=6, if the output enable control signal OE06 is
employed. In this case, the data output operation of the
high-speed memory device can be stably performed if the
output enable control signal OE05 is employed.

[0076] Ifthe CL of the memory device is 7, a switch SW3
is enabled. Accordingly, after one of the output enable
control signals OE05, OE06, and OE07 has been selected,
the selected enable control signal is transferred to the output
terminal ROUT by passing through the switch SW3. In this
case, a basic operation of the memory device is identical to
that of the memory device having the CL of 6.

[0077] Ifthe CL of the memory device is 8, a switch SW4
is enabled. Accordingly, after one of the output enable
control signals OE05, OE06, OE07 and OE08 has been
selected, the selected enable control signal is transferred to
the output terminal ROUT by passing through the switch
SW4. In this case, a basic operation of the memory device
is identical to that of the memory device having the CL of
6.

[0078] FIG. 10 is a view showing a waveform of a signal
when the CAS latency is 16.

[0079] In FIG. 10, EXT CLK is an external clock signal,
DLL CLK is an internal clock signal, RD is a read command,
CAS_RD is an internal read command generated after 3
clocks from the external clock signal in response to the read
command, and RCLK_D0 is a signal for outputting data by
synchronizing the data with a rising edge of a clock of the
internal clock signal.

[0080] As shown in FIG. 10, the internal read command
CAS_RD is generated after 3 clocks from the read command
RD.

[0081] An output enable control signal OE00 is generated
while being synchronized with the rising edge of the internal
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read command CAS_RD. In addition, an output enable
control signal OE01 is generated while being synchronized
with the rising edge of the output enable control signal
OE00. Remaining output enable control signals are also
sequentially outputted in the same manner. Therefore, an
output enable control signal OE09 is outputted while being
synchronized with the rising edge of the output enable
control signal OE08. In addition, an output enable control
signal OE09.5 is outputted while being synchronized with
the rising edge of the output enable control signal OE09.

[0082] A shown in FIG. 10, if the CL is 16, data must be
outputted after 16 clocks from the read command RD caused
by the external clock signal EXT CLK. However, since the
memory device having the CL of 16 has high frequency, data
cannot be outputted within a period of time defined in the
specification. Thus, in this case, it is preferred to generate a
control signal so as to output data during a high level period
of the output enable control signal OE09.5 as shown in FIG.
10. The RCLK_D0 signal can be obtained through perform-
ing an AND operation with regard to the output enable
control signal OE09.5 and the internal clock signal DLL
CLK. Although it is not illustrated, data are outputted while
being synchronized with the rising edge of the RCLK_D0
signal after 16 clocks from the external clock signal EXT
CLK corresponding to CL=16.

[0083] In short, in a case of a high-speed memory device,
the internal read command CAS_RD is generated after 3
clocks from the external clock signal EXT CLK. If the time
delay, which is inevitably consumed during the internal read
operation, is about 3 clocks, an internal error of 6 clocks may
occur if the CL is 16. Thus, a count number for the internal
clock signal DLL CLK is about 10 clocks. According to the
present invention, the data are outputted at a point of time
corresponding to “CL=16" on the basis of the internal clock
signal DLI, CLK, which matches with the output enable
control signal OE09.5.

[0084] As describe above, the present invention provides
a method of internally adjusting the data output operation if
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the data output does not match with the CAS latency due to
a characteristic of the high-speed memory device.

[0085] Accordingly, the data output operation can be sta-
bly carried out even if the CAS latency becomes increased.

[0086] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. A method for controlling an output of data in a
semiconductor memory device, the method comprising the
steps of:

i) detecting a unit delay multiple of an external clock
signal based on the external clock signal and a delay of
the external clock signal;

ii) analyzing data in an information storage unit, in which
an internal timing is defined, based on values detected
in step 1); and

iii) adjusting a data output timing in accordance with
predetermined CAS latency based on values analyzed
in step ii).
2. The method as claimed in claim 1, wherein step ii)
includes the substeps of:

storing a timing of an internal signal by using a ROM, in
which a period of time required for generating a signal
created by analyzing a read command from an input of
an external clock is stored as a multiple of a unit delay
timing;

storing a read replica as a multiple of CUD by using the
ROM; and

calculating cycles of lost DDL-clocks by using data stored
in the ROM.
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