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SYNC SIGNAL GENERATING CIRCUIT 
PROVIDED IN SEMICONDUCTOR INTEGRATED 

CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-150254, ?led May 22, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a sync signal 
generating circuit provided in a semiconductor integrated 
circuit such as a synchronous DRAM. More particularly, this 
invention relates to a sync signal generating circuit for 
generating an internal clock signal from an external clock 
signal, Which internal clock signal is synchroniZed With the 
external clock signal. 

[0003] In modern serniconductor integrated circuits, there 
is a demand for a higher input/output operation speed in an 
I/O section (data input/output section). In order to make the 
phase of data agree With that of a system clock signal, a PLL 
(Phase Locked Loop) or a DLL (Delay Locked Loop) is 
used. Arnong DLLS, a rnirror-type DLL is more advanta 
geous than a feedback-type DLL since the former has a high 
synchroniZation speed. 

[0004] In particular, in an ASMD (Analog Synchronous 
Mirror Delay) disclosed in the Journal of Solid-State Circuit, 
Vol. 34, No. 4, April, 1999, “An Analog Synchronous Mirror 
Delay for High-Speed DRAM Application”, or an analog 
operable rnirror-type DLL disclosed in Japanese Patent 
Application No. 11-228710, no such quantization error, as 
occurs in a digital-operable rnirror-type DLL, Will occur and 
high-precision operational characteristics can be obtained. 

[0005] FIG. 1 shoWs an example of a conventional ana 
log-operable rnirror-type DLL. The DLL comprises an input 
buffer 51, an I/O replica 52, a comparator replica 53, tWo 
rarnp-voltage generating circuits (RVG1, RVG2) 54 and 55, 
a comparator 56, and a DO buffer 57. 

[0006] The input buffer 51 receives an external clock 
signal and outputs a clock signal CLK1 obtained by delaying 
the external clock signal. The U0 replica 52 receives the 
clock signal CLK1 and outputs a clock signal CLK2, Which 
is obtained by delaying the clock signal CLK1 by a delay 
time substantially equal to a sum of a delay time in the input 
buffer 51 and a delay time in the DO buffer 57 from a time 
point of change of an internal clock signal to a time point of 
outputting of DO. The cornparator replica 53 receives the 
clock signal CLK2 and outputs a clock signal obtained by 
delaying the clock signal CLK2 by a delay time substantially 
equal to a delay time in the comparator 56. 

[0007] The rarnp-voltage generating circuit, RVG154, 
receives the clock signal from the comparator replica 53 and 
the clock signal CLK1 and outputs a ramp voltage (analog 
voltage) Vrneans. The potential level of the ramp voltage 
Vrneans rises at a constant gradient in synchronisrn With the 
rising of the clock signal from the comparator replica 53, 
and the rising of this potential level stops in synchronisrn 
With the rising of the clock signal CLK1. 
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[0008] The rarnp-voltage generating circuit, RVG255, 
receives the clock signal CLK1 and outputs a ramp voltage 
(analog voltage) Vdly, Whose potential level rises at a 
constant gradient in synchronisrn With the rising of the clock 
signal CLK1. Assume that the gradients of the rising of the 
output voltages Vrneans and Vdly in both rarnp-voltage 
generating circuits 54 and 55 are equal. 

[0009] The cornparator 56 cornpares both voltages 
Vrneans and Vdly and produces an internal clock signal on 
the basis of the comparison result. The DQ buffer 57 
receives internal data and the internal clock signal, takes in 
the internal data in synchronisrn With the internal clock 
signal, and outputs the data as data DQ to the outside. 

[0010] FIG. 2 is a signal waveform diagram illustrating an 
example of the operation of the DLL shoWn in FIG. 1. 

[0011] If the external clock signal is supplied, the clock 
signal CLK1 rises With a delay tIB (input buffer delay: a 
delay time in the input buffer 51) relative to the external 
clock signal. Then, the clock signal CLK2 rises With a delay 
tREP (=tIB+tOB: tOB is a delay time in the DO buffer 57) 
relative to the clock signal CLK1. After a delay time in the 
comparator replica 53 from the rising of the clock signal 
CLK2, the output clock signal of the comparator replica 53 
rises and the output voltage Vrneans in the rarnp-voltage 
generating circuit 54 begins to rise. 

[0012] If a second-cycle external clock signal rises after 
the lapse of a ?rst cycle time tCLK of the external clock 
signal, and a second-cycle clock signal CLK1 rises, the 
rising of the output voltage Vrneans of the rarnp-voltage 
generating circuit 54 stops and, in turn, the output voltage 
Vdly of the other rarnp-voltage generating circuit 55 begins 
to rise. The voltages Vdly and Vrneans are compared and, 
When both voltages have coincided, the internal clock signal 
rises. The data DQ is output from the DO buffer 57 With a 
delay tOB (DQ buffer delay) relative to the rising of the 
internal clock signal. 

[0013] Since the output voltages Vrneans and Vdly of the 
tWo rarnp-voltage generating circuits 54 and 55 rise at the 
same gradient, a time period tRAMP from when the output 
voltage Vrneans of the ramp voltage generating circuit 54 
begins to rise to When the rising of the output voltage 
Vrneans stops in synchronisrn With the clock signal CLK1 is 
equal to a time period tRAMP from when the output voltage 
Vdly of the other rarnp-voltage generating circuit 55 begins 
to rise to When the output voltage Vdly becornes equal to the 
output voltage Vrneans. In addition, the delay time of the 
comparator replica 53 is substantially equal to that of the 
comparator 56. Thus, assuming that each delay time is 
tCMP, a delay time ATOTAL of the data DQ relative to the 
external clock signal is given by 

ATOTAL=[1B+tREP+tCMP+tRAMP+tRAMP+tCMP+ 
[GB (1) 

[0014] Since tIB+tOB=tREP, it this is substited in equa 
tion (1), the folloWing equation (2) is obtained: 

ATOTAL=2(tREP+tCMP+tRAMP) (2) 

[0015] The time period tRAMP is given by the folloWing 
equation (3), that is, by subtracting the sum of tIB, tREP and 
tCMP from the time period (tIB+tCLK) from the timing at 
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Which the ?rst-cycle external clock signal rises to the timing 
at Which the second-cycle clock signal CLK1 rises: 

(IREPHCMP) (3) 
[0016] If equation (3) is substituted in equation (2), equa 
tion (4) is obtained: 

[0017] In other Words, the data DQ, synchronized With the 
external clock signal, is output from the third-cycle external 
clock signal. 

[0018] The comparator 56 shoWn in FIG. 1 may be, for 
example, a dynamic-type comparator using a differential 
ampli?er, a capacitor and inverters composed of NMOS 
FETs and PMOSFETs. 

[0019] The comparator, such as a dynamic-type compara 
tor using a differential ampli?er, a capacitor and inverters, is 
an analog circuit. In general terms, there arises a variance in 
characteristics of an analog circuit due to a fabrication 
process, a voltage used and a temperature in operation 
(hereinafter referred to as “PVT” (i.e. Process, Voltage and 
Temperature)). In particular, if a digital-speci?c process is 
applied to circuit integration, a greater process variance Will 
occur, compared to the case of using an analog-speci?c 
process. Such a PVT variance adversely affects, in particu 
lar, analog circuits and it causes a variance in characteristics. 

[0020] FIG. 3 shoWs a delay time variation (ps) occurring 
When the threshold voltages (Vth) of the NMOSFETs and 
PMOSFETs of the dynamic-type comparator are higher 
(“High”) or loWer (“Low”) than a speci?ed value (“center”) 
and When the temperature (Temp.(°C)) varies in a range 
betWeen —10° C. and 100° C. When both the threshold 
voltages (Vth) of the NMOSFETs and PMOSFETs of the 
dynamic-type comparator are higher than the speci?ed value 
(“High/High”), the delay time greatly increases. On the 
other hand, When both the threshold voltages (Vth) of the 
NMOSFETS and PMOSFETS of the dynamic-type com 
parator are loWer than the speci?ed value (“LoW/LoW”), the 
delay time greatly decreases. In addition, the loWer the 
temperature, the greater the delay time. 

[0021] As described above, there is a PVT variance in the 
comparator 56 shoWn in FIG. 1, Which is composed of an 
analog circuit, and the PVT variance varies the delay time 
tCMP of the comparator 56. Then, the phase of the internal 
clock signal output from the comparator 56 Will be dis 
placed. As a result, as shoWn in FIG. 4, the data WindoW (ie 
a time period for data output) of the DQ buffer 57, Which 
takes in data in synchronism With the internal clock signal, 
Will be displaced and the output data DQ Will not be 
synchroniZed With the external clock signal. 

[0022] The amount of the delay time variation in the 
comparator is basically a variation amount Which cannot be 
compensated. Even if a compensating circuit is to be fab 
ricated, it is very dif?cult to compose such a circuit With a 
digital circuit structure. 

BRIEF SUMMARY OF THE INVENTION 

[0023] As has been described above, the conventional 
analog-operable mirror-type DLL is free of such a quanti 
Zation error, as occurs in a digital-operable mirror-type DLL, 
and can possess high-precision operational characteristics. 
HoWever, since the analog-operable mirror-type DLL is an 
analog circuit, the delay time thereof Will vary due to a 
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fabrication process, voltage used and temperature in opera 
tion, and high-precision sync characteristics cannot be 
obtained. 

[0024] The present invention has been made in consider 
ation of the above problem, and its object is to provide an 
analog-operable sync signal generating circuit Which can 
have high-precision sync characteristics. 

[0025] In order to achieve the object, according to an 
aspect of the invention, there is provided a sync signal 
generating circuit comprising: an input buffer circuit to 
Which an external clock signal is input; a ?rst delay circuit, 
connected to the input buffer circuit, for delaying an output 
of the input buffer circuit by a ?rst time period and deliv 
ering a delayed output; a variable delay circuit, connected to 
the ?rst delay circuit, for delaying the output of the ?rst 
delay circuit and delivering a delayed output; a ?rst voltage 
generating circuit, connected to the variable delay circuit 
and the input buffer circuit, for outputting a ?rst analog 
voltage Whose potential level begins to rise at a predeter 
mined gradient at a time of transition of a level of the output 
of the variable delay circuit, and stops rising at a time of 
transition of a level of the output of the input buffer circuit; 
a second voltage generating circuit, connected to the input 
buffer circuit, for outputting a second analog voltage Whose 
potential level begins to rise at a predetermined gradient at 
a time of transition of a level of the output of the input buffer 
circuit; a voltage comparing circuit, connected to the ?rst 
and second voltage generating circuits, for comparing the 
?rst and second analog voltages and outputting an internal 
clock signal; an internal circuit connected to the voltage 
comparing circuit, an operation of the internal circuit being 
controlled in synchronism With the internal clock signal; a 
second delay circuit, connected to the voltage comparing 
circuit, for delaying the internal clock signal by a second 
time period that is substantially equal to the ?rst time period, 
and delivering a delayed output; and a phase comparator, 
connected to the second delay circuit and the input buffer 
circuit, for comparing phases of outputs of the second delay 
circuit and the input buffer circuit, and outputting a control 
signal corresponding to a phase difference obtained by the 
comparison of the outputs, Wherein a delay time in the 
variable delay circuit is adjusted on the basis of the control 
signal output from the phase comparator. 

[0026] According to another aspect of the invention, there 
is provided a sync signal generating circuit comprising: an 
input buffer circuit to Which an external clock signal is input; 
a ?rst delay circuit, connected to the input buffer circuit, for 
delaying an output of the input buffer circuit by a ?rst time 
period and delivering a delayed output; a variable delay 
circuit, connected to the ?rst delay circuit, for delaying the 
output of the ?rst delay circuit and delivering a delayed 
output; a ?rst voltage generating circuit, connected to the 
variable delay circuit and the input buffer circuit, for out 
putting a ?rst analog voltage Whose potential level begins to 
rise at a predetermined gradient at a time of transition of a 
level of the output of the variable delay circuit, and stops 
rising at a time of transition of a level of the output of the 
input buffer circuit; a second voltage generating circuit, 
connected to the input buffer circuit, for outputting a second 
analog voltage Whose potential level begins to rise at a 
predetermined gradient at a time of transition of a level of 
the output of the input buffer circuit; a voltage comparing 
circuit, connected to the ?rst and second voltage generating 
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circuits, for comparing the ?rst and second analog voltages 
and outputting an internal clock signal; an internal circuit 
connected to the voltage cornparing circuit, an operation of 
the internal circuit being controlled in synchronisrn With the 
internal clock signal; a ?rst frequency-division circuit, con 
nected to the voltage cornparing circuit, for frequency 
dividing the internal clock signal and delivering a fre 
quency-division output; a second delay circuit, connected to 
the ?rst frequency-division circuit, for delaying the output of 
the ?rst frequency-division circuit by a second time period 
that is substantially equal to the ?rst time period, and 
delivering a delayed output; a second frequency-division 
circuit, connected to the input buffer circuit, for frequency 
dividing the output of the input buffer circuit and delivering 
a frequency-division output; and a phase cornparator, con 
nected to the second delay circuit, the second frequency 
division circuit and the variable delay circuit, for comparing 
phases of outputs of the second delay circuit and the second 
frequency-division circuit, and outputting a control signal 
corresponding to a phase difference obtained by the corn 
parison of the outputs to the variable delay circuit, Wherein 
a delay time in the variable delay circuit is adjusted on the 
basis of the control signal output from the phase cornparator. 

[0027] According to still another aspect of the invention, 
there is provided a sync signal generating circuit cornpris 
ing: an input buffer circuit to Which an external clock signal 
is input; a ?rst delay circuit, connected to the input buffer 
circuit, for delaying an output of the input buffer circuit by 
a ?rst time period and delivering a delayed output; a second 
delay circuit, connected to the ?rst delay circuit, for delaying 
the output of the ?rst delay circuit by a second time period 
and delivering a delayed output; a ?rst voltage generating 
circuit, connected to the second delay circuit and the input 
buffer circuit, for outputting a ?rst analog voltage Whose 
potential level begins to rise at a predetermined gradient at 
a time of transition of a level of the output of the second 
delay circuit, and stops rising at a time of transition of a level 
of the output of the input buffer circuit; a second voltage 
generating circuit, connected to the input buffer circuit, for 
outputting a second analog voltage Whose potential level 
begins to rise at a predetermined gradient at a time of 
transition of a level of the output of the input buffer circuit; 
a voltage cornparing/variable delay circuit, connected to the 
?rst and second voltage generating circuits, for comparing 
the ?rst and second analog voltages, outputting an internal 
clock signal, delaying the internal clock signal, and deliv 
ering a delayed output; an internal circuit connected to the 
voltage cornparing/variable delay circuit, an operation of the 
internal circuit being controlled in synchronisrn With the 
internal clock signal; a third delay circuit, connected to the 
voltage cornparing/variable delay circuit, for delaying the 
internal clock signal by a time period that is substantially 
equal to the ?rst time period, and delivering a delayed 
output; and a phase cornparator, connected to the third delay 
circuit and the input buffer circuit, for comparing phases of 
outputs of the third delay circuit and the input buffer circuit, 
and outputting a control signal corresponding to a phase 
difference obtained by the comparison of the outputs, 
Wherein a delay time in the voltage cornparing/variable 
delay circuit is adjusted on the basis of the control signal 
corresponding to the phase difference, Which is output from 
the phase cornparator. 
[0028] According to still another aspect of the invention, 
there is provided a sync signal generating circuit cornpris 
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ing: an input buffer circuit to Which an external clock signal 
is input; a ?rst delay circuit, connected to the input buffer 
circuit, for delaying an output of the input buffer circuit by 
a ?rst time period and delivering a delayed output; a second 
delay circuit, connected to the ?rst delay circuit, for delaying 
the output of the ?rst delay circuit by a second time period 
and delivering a delayed output; a ?rst voltage generating 
circuit, connected to the second delay circuit and the input 
buffer circuit, for outputting a ?rst analog voltage Whose 
potential level begins to rise at a predetermined gradient at 
a time of transition of a level of the output of the second 
delay circuit, and stops rising at a time of transition of a level 
of the output of the input buffer circuit; a second voltage 
generating circuit, connected to the input buffer circuit, for 
outputting a second analog voltage Whose potential level 
begins to rise at a predetermined gradient at a time of 
transition of a level of the output of the input buffer circuit; 
a voltage cornparing/variable delay circuit, connected to the 
?rst and second voltage generating circuits, for comparing 
the ?rst and second analog voltages, outputting an internal 
clock signal, delaying the internal clock signal, and deliv 
ering a delayed output; an internal circuit connected to the 
voltage cornparing/variable delay circuit, an operation of the 
internal circuit being controlled in synchronisrn With the 
internal clock signal; a ?rst frequency-division circuit, con 
nected to the voltage cornparing/variable delay circuit, for 
frequency-dividing the internal clock signal and delivering a 
frequency-division output; a third delay circuit, connected to 
the ?rst frequency-division circuit, for delaying the output of 
the ?rst frequency-division circuit by a third time period that 
is substantially equal to the ?rst time period, and delivering 
a delayed output; a second frequency-division circuit, con 
nected to the input buffer circuit, for frequency-dividing the 
output of the input buffer circuit and delivering a frequency 
division output; and a phase cornparator, connected to the 
third delay circuit, the second frequency-division circuit and 
the voltage cornparing/variable delay circuit, for comparing 
phases of outputs of the third delay circuit and the second 
frequency-division circuit, and outputting a control signal 
corresponding to a phase difference obtained by the corn 
parison of the outputs to the voltage cornparing/variable 
delay circuit, Wherein a delay time in the voltage cornparing/ 
variable delay circuit is adjusted on the basis of the control 
signal output from the phase cornparator. 

[0029] According to still another aspect of the invention, 
there is provided a sync signal generating circuit cornpris 
ing: an input buffer circuit to Which an external clock signal 
is input; a ?rst delay circuit, connected to the input buffer 
circuit, for delaying an output of the input buffer circuit by 
a ?rst time period and delivering a delayed output; a second 
delay circuit, connected to the ?rst delay circuit and the 
input buffer circuit, for starting delaying of the output of the 
?rst delay circuit at a time of transition of a level of the 
output of the ?rst delay circuit and stopping the delaying of 
the output of the ?rst delay circuit at a time of transition of 
a level of the output of the input buffer circuit; a third delay 
circuit, connected to the input buffer circuit, for starting 
delaying of the output of the input buffer circuit at a time of 
transition of a level of the output of the input buffer circuit, 
delaying the output of the input buffer circuit by a delay time 
substantially equal to a delay time in the second delay 
circuit, and outputting a delayed output; a variable delay 
circuit, connected to the third delay circuit, for delaying the 
output of the third delay circuit and outputting an internal 
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clock signal; an internal circuit connected to the variable 
delay circuit, an operation of the internal circuit being 
controlled in synchronism With the internal clock signal; a 
fourth delay circuit, connected to the variable delay circuit, 
for delaying the internal clock signal by a time period that 
is substantially equal to the ?rst time period, and delivering 
a delayed output; and a phase comparator, connected to the 
fourth delay circuit and the input buffer circuit, for compar 
ing phases of outputs of the fourth delay circuit and the input 
buffer circuit, and outputting to the variable delay circuit a 
control signal corresponding to a phase difference obtained 
by the comparison of the outputs, Wherein a delay time in the 
variable delay circuit is adjusted on the basis of the control 
signal output from the phase comparator. 

[0030] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0031] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0032] FIG. 1 is a block diagram shoWing an example of 
a conventional analog-operable mirror-type DLL; 

[0033] FIG. 2 is a signal Waveform diagram illustrating an 
example of the operation of the DLL shoWn in FIG. 1; 

[0034] FIG. 3 shoWs delay time variation characteristics 
of a dynamic-type comparator used in the DLL shoWn in 
FIG. 1; 

[0035] FIG. 4 is a signal Waveform diagram for explain 
ing a sync error in the DLL shoWn in FIG. 1; 

[0036] FIG. 5 is a block diagram shoWing the structure of 
a mirror-type DLL according to a ?rst embodiment of the 
present invention; 

[0037] FIG. 6 is a circuit diagram for explaining a concept 
of a ramp-voltage generating circuit in FIG. 5; 

[0038] FIG. 7 is a circuit diagram shoWing an example of 
a comparator in FIG. 5; 

[0039] FIG. 8 is a circuit diagram shoWing another 
example of the comparator in FIG. 5; 

[0040] FIG. 9 is a signal Waveform diagram illustrating an 
example of the operation of the comparator shoWn in FIG. 
8; 

[0041] FIG. 10 is a signal Waveform diagram illustrating 
an example of the operation of the DLL in FIG. 5; 

[0042] FIG. 11 is a block diagram shoWing the structure 
of a mirror-type DLL according to a second embodiment of 
the present invention; 
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[0043] FIG. 12A shoWs a speci?c circuit example of a 
comparator replica in the DLL shoWn in FIG. 5; 

[0044] FIG. 12B shoWs a speci?c circuit example of a 
voltage comparator in the DLL shoWn in FIG. 11; 

[0045] FIG. 13 shoWs a speci?c circuit example of a delay 
circuit in FIG. 12A; 

[0046] FIG. 14 shoWs a speci?c circuit example for 
adjusting a delay time in the DLL in FIG. 5; 

[0047] FIG. 15 shoWs another speci?c circuit example for 
adjusting a delay time in the DLL in FIG. 5; 

[0048] FIG. 16 is a block diagram shoWing the structure 
of a mirror-type DLL according to a third embodiment of the 
present invention; 

[0049] FIG. 17 is a block diagram shoWing the structure 
of a mirror-type DLL according to a fourth embodiment of 
the present invention; 

[0050] FIG. 18 is a block diagram shoWing the structure 
of a mirror-type DLL according to a ?fth embodiment of the 
present invention; 

[0051] FIG. 19 is a block diagram shoWing the structure 
of a mirror-type DLL according to a sixth embodiment of the 
present invention; 

[0052] FIG. 20 is a block diagram shoWing an example of 
the structure of an activation circuit substituted for a fre 
quency-division circuit in each of the embodiments shoWn 
in FIGS. 16 and 17; 

[0053] FIG. 21 is a block diagram shoWing another 
example of the structure of the activation circuit substituted 
for the frequency-division circuit in each of the embodi 
ments shoWn in FIGS. 16 and 17; 

[0054] FIG. 22 is a block diagram shoWing still another 
example of the structure of the activation circuit substituted 
for the frequency-division circuit in each of the embodi 
ments shoWn in FIGS. 16 and 17; and 

[0055] FIG. 23 is a block diagram shoWing the structure 
of a mirror-type DLL according to a seventh embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] Embodiments of the present invention Will noW be 
described in detail With reference to the accompanying 
draWings. 

[0057] FIG. 5 is a block diagram shoWing the structure of 
a ?rst embodiment of the invention, Wherein a sync signal 
generating circuit according to the present invention is 
applied to an analog-operable mirror-type DLL. 

[0058] The DLL comprises an input buffer 11, an I/O 
replica 12, a comparator replica 13, tWo ramp-voltage gen 
erating circuits (RVG1, RVG2) 14 and 15, a voltage com 
parator 16, a DO buffer 17 and a self-calibration feedback 
loop 18. 

[0059] The input buffer 11 receives an external clock 
signal and outputs a clock signal CLK1 obtained by delaying 
the external clock signal. The U0 replica 12 receives the 
clock signal CLK1 and outputs a clock signal CLK2, Which 
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is obtained by delaying the clock signal CLK1 by a delay 
time substantially equal to a sum of a delay time in the input 
buffer 11 and a delay time in the DQ buffer 17. The 
comparator replica 13 receives the clock signal CLK2 and 
outputs a clock signal obtained by delaying the clock signal 
CLK2 by a delay time substantially equal to a delay time in 
the comparator 16. The comparator replica 13 is supplied 
With a control signal from the self-calibration feedback loop 
18. The delay time in the comparator replica 13 is adjusted 
by the control signal. 

[0060] The ramp-voltage generating circuit, 14, receives 
the clock signal from the comparator replica 13 and the 
clock signal CLK1 and outputs a ramp voltage (analog 
voltage) Vmeans. The potential level of the ramp voltage 
Vmeans rises at a constant gradient in synchronism With the 
rising of the clock signal from the comparator replica 13, 
and the rising of this potential level stops in synchronism 
With the rising of the clock signal CLK1. 

[0061] The ramp-voltage generating circuit 15 receives 
the clock signal CLK1 and outputs a ramp voltage (analog 
voltage) Vdly, Whose potential level rises at a constant 
gradient in synchronism With the rising of the clock signal 
CLK1. 

[0062] FIG. 6 is a circuit diagram for explaining a concept 
of the ramp-voltage generating circuits 14, 15. A poWer 
supply node is connected to one end of a PMOSFET QP 
functioning as a constant current source. The other end of the 
PMOSFET QP is connected to a capacitor C via a sWitch 
SW. 

[0063] In the ramp-voltage generating circuit 14, if the 
sWitch SW is turned on by the output clock signal from the 
comparator replica 13, the capacitor C is charged With a 
current flowing in the PMOSFET QP and the output voltage 
Vmeans rises at a constant potential gradient. If the sWitch 
SW is turned off by the clock signal CLK1 from the input 
buffer 11, the charge accumulation in the capacitor C is 
stopped and the rising of the output voltage Vmeans is also 
stopped. 
[0064] After voltage comparison by the comparator 16, 
the output voltages Vmeans and Vdly of both ramp-voltage 
generating circuits 14 and 15 are reset by some means (not 

shoWn). 
[0065] In both ramp-voltage generating circuits 14 and 15, 
currents of the same value are let to How in the PMOSFETs 
functioning as constant current sources so that the output 
voltages Vmeans and Vdly may have the same gradient at 
the time of rise. 

[0066] The comparator 16 receives the voltages Vmeans 
and Vdly, compares them and produces an internal clock 
signal on the basis of the comparison result. 

[0067] The comparator 16 may be composed of, for 
eXample, a dynamic-type comparator as shoWn in FIG. 7 or 
FIG. 8. The dynamic-type comparator shoWn in FIG. 7 is a 
differential ampli?er comprises tWo PMOSFETs QP11 and 
QP12, tWo NMOSFETs QN11 and QN12, and a constant 
current source. The dynamic-type comparator shoWn in 
FIG. 8 comprises sWitches SW1 to SW3, a capacitor 
C_COMP and inverters INV1 and INV2. 

[0068] FIG. 9 is a signal Waveform diagram illustrating an 
eXample of the operation of the dynamic-type comparator 
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shoWn in FIG. 8. The dynamic-type comparator is designed 
to operate in a sampling mode and a comparison mode. In 
the sampling mode, the sWitches SW1 and SW3 are turned 
on and the sWitch SW2 is turned off. In the comparison 
mode, the sWitches SW1 and SW3 are turned off and the 
sWitch SW2 is turned on. 

[0069] If the sWitch SW1 is turned on in the sampling 
mode, the output voltage Vmeans of the ramp-voltage 
generating circuit 14 is applied to a node X at one end of the 
capacitor C_COMP. The potential at the node X rises as the 
voltage Vmeans increases. 

[0070] In addition, the sWitch SW3 is turned on in the 
sampling mode and the input and output nodes of the 
inverter INV1 are short-circuited. Thereby, the input node 
side potential of the inverter INV1 is set at a logical 
threshold voltage of the inverter INV1. 

[0071] Subsequently, in the comparison mode, the sWitch 
SW1 is turned off and the sWitch SW2 is turned on. The 
output voltage Vdly of the other ramp-voltage generating 
circuit 15 is applied to the node X of the capacitor C_COMP 
via the sWitch SW2. Immediately after the states of both 
sWitches SW1 and SW2 have been changed, the potential at 
the node X is loW since the voltage Vdly is still loW, and thus 
the signal level at the output node of the inverter INV1 rises 
to an H-level. Then, the potential at the node X rises in 
accordance With the increase in voltage Vdly. After the 
voltage Vdly has become equal to the voltage Vmeans, the 
potential at the input node of the inverter INV1 eXceeds a 
logical threshold voltage and the signal level at the output 
node of the inverter INV1 is inverted. The output from the 
inverter INV1 is Waveform-shaped by the inverter INV2 and 
is output as an internal clock signal. 

[0072] The DQ buffer 17 receives internal data and the 
internal clock signal output from the comparator 16, takes in 
the internal data in synchronism With the internal clock 
signal, and outputs the data as data DQ to the outside. 

[0073] The self-calibration feedback loop 18 comprises an 
I/O replica 19 and a phase comparator 20. The U0 replica 19 
has a delay time that is substantially equal to the delay time 
of the I/O replica 12. The internal clock signal produced by 
the comparator 16 is input to the I/O replica 19. An output 
clock signal from the I/O replica 19 and the clock signal 
CLK1 output from the input buffer 11 are delivered to the 
phase comparator 20. The phase comparator 20 compares 
the phases of both input clock signals and produces a control 
signal based on the comparison result. The control signal 
produced by the phase comparator 20 is supplied to the 
comparator replica 13. 

[0074] In the DLL With the above-described structure, in 
a case Where the delay time in the comparator 16 is equal to 
that in the comparator replica 13, the phase of the output 
clock signal of the I/O replica 19 in the self-calibration 
feedback loop 18 for delaying the internal clock signal 
output from the comparator 16 coincides With the phase of 
the output clock signal CLK1 of the input buffer 11. The 
reason for this Will noW be stated. The delay time of the 
output data DQ from the DQ buffer 17 relative to the internal 
clock signal from the comparator 16 is tOB. The delay time 
betWeen the output data DQ and the output clock signal 
CLK1 is tIB. From the point of vieW of the internal clock 
signal produced by the comparator 16, the delay time of the 
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output clock signal CLK1 from the input buffer 11 is 
(tIB+tOB). Similarly, from the point of vieW of the internal 
clock signal output from the comparator 16, the delay time 
of the output clock signal from the I/O replica 19 is also 
(tIB+tOB). This is the reason. 

[0075] Assume that the delay time in the comparator 16 
has become less than a design value oWing to the above 
described PVT variance. In this case, a phase difference 
betWeen both input clock signals is detected by the phase 
comparator 20 in the self-calibration feedback loop 18. A 
control signal based on the detected phase difference is 
supplied to the comparator replica 13 so as to decrease the 
delay time in the comparator replica 13. The self-calibration 
feedback loop 18 performs the control operation until the 
delay time in the comparator replica 13 has become equal to 
the delay time in the comparator 16. At last, the delay time 
in the comparator replica 13 coincides With the delay time in 
the comparator 16. 

[0076] In an opposite case Where the delay time in the 
comparator 16 has become greater than the design value, a 
phase difference betWeen both input clock signals is detected 
by the phase comparator 20 in the self-calibration feedback 
loop 18. A control signal based on the detected phase 
difference is supplied to the comparator replica 13 so as to 
increase the delay time in the comparator replica 13. The 
self-calibration feedback loop 18 performs the control 
operation until the delay time in the comparator replica 13 
has become equal to the delay time in the comparator 16. 

[0077] Even if the delay time in the comparator 16 has 
varied, the delay time in the comparator replica 13 is varied 
accordingly so that the delay time in the comparator 16 may 
be compensated. Thus, the comparator 16 can produce the 
internal clock signal Whereby the data DQ output from the 
DQ buffer 17 can alWays be synchroniZed With the eXternal 
clock signal. 

[0078] FIG. 10 shoWs signal Waveforms in a main part of 
the DLL shoWn in FIG. 5. In FIG. 10, symbol “tCMP_REP” 
denotes a delay time of the output clock signal of the 
comparator replica 13 relative to the clock signal CLK2. By 
the above-described feedback control, the delay time tCM 
P_REP is controlled so as to alWays agree With the delay 
time tCMP in the comparator 16. 

[0079] In the DLL shoWn in FIG. 5, the comparator 
replica 13 is provided in the rear stage of the I/O replica 12. 
HoWever, the same advantage can be obtained even if the 
positional relationship is reversed, that is, the I/O replica 12 
is provided in the rear stage of the comparator replica 13. 

[0080] FIG. 11 is a block diagram shoWing the structure 
of a second embodiment of the invention, Wherein the sync 
signal generating circuit according to the present invention 
is applied to the mirror-type DLL. The basic structure of the 
DLL shoWn in FIG. 11 is the same as that of the DLL shoWn 
in FIG. 5. Thus, the parts common to those in FIG. 5 are 
denoted by like reference numerals and a description thereof 
is omitted. Only the points different from the DLL in FIG. 
5 Will be described. 

[0081] The DLL shoWn in FIG. 11 differs from the DLL 
shoWn in FIG. 5 in that i) the comparator replica 13 With a 
delay time adjusting function is replaced With a comparator 
replica 21 Without a delay time adjusting function, ii) the 
comparator 16 Without a delay time adjusting function is 
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replaced With a voltage comparator 22 With a delay time 
adjusting function, and iii) the delay time in the voltage 
comparator 22 is adjusted in accordance With a control 
signal output from the self-calibration feedback loop 18. 

[0082] Speci?cally, in the DLL of FIG. 5, the comparator 
replica 13 has the delay time adjusting function and the 
delay time of the comparator replica 13 is adjusted in 
accordance With the control signal from the self-calibration 
feedback loop 18. By contrast, in the DLL of FIG. 11, the 
voltage comparator 22 for generating the internal clock 
signal is provided With the delay time adjusting function. 

[0083] In this case, the delay time in the voltage compara 
tor 22 is adjusted by the self-calibration feedback loop 18 so 
as to coincide With the delay time in the comparator replica 
21. 

[0084] According to this embodiment, a circuit having a 
proper delay time can be freely chosen and used as the 
comparator replica 21. For example, if a circuit With little 
PVT variance, such as an inverter chain of series-connected 
inverters, is chosen as the comparator replica 21, the opera 
tional timing of the sync circuit can be made constant 
irrespective of PVT variance. In addition, timing of occur 
rence of noise Within the chip can be made constant. 

[0085] Examples of the structure and operation for adjust 
ing the delay time in the comparator replica 13 in FIG. 5 and 
the comparator 22 in FIG. 11 Will noW be described. 

[0086] Such an ordinary circuit as used in a PLL or a DLL 
may be applied to a circuit for receiving a control signal 
from a phase comparator for comparing the phases of tWo 
clock signals and adjusting a delay time. For eXample, IEEE 
Journal of Solid-State Circuits, Vol. 34, No. 11, November 
1999, “A 2.5-v, 333-Mb/s/pin, l-G bit, Double-Data-Rate 
Synchronous DRAM” (Prior Art 1) discloses a technique 
Which is applicable to the present invention. In this tech 
nique, a control signal output from a phase comparator is 
supplied to a charge pump circuit. The charge pump circuit 
produces a DC voltage having a value corresponding to the 
output signal from the phase comparator. The DC voltage is 
supplied to a delay line as a poWer supply voltage and thus 
the delay time in the delay line is adjusted. 

[0087] FIG. 12A shoWs a circuit eXample Wherein the 
delay time of the comparator replica 13 shoWn in FIG. 5 is 
adjusted using a charge pump circuit. Acontrol signal output 
from the phase comparator 20 is supplied to a charge pump 
circuit 23, and the charge pump circuit 23 produces a DC 
voltage corresponding to the control signal. The DC voltage 
is supplied as a poWer supply voltage to a delay circuit 25 
for delaying the clock signal CLK2 in the comparator replica 
13. Thus, the delay time in the comparator replica 13 is 
adjusted. 

[0088] FIG. 12B shoWs a circuit eXample Wherein the 
delay time of the voltage comparator 22 shoWn in FIG. 11 
is adjusted using a charge pump circuit. In this eXample, like 
FIG. 12A, the DC voltage produced by the charge pump 
circuit 23 is supplied as a poWer supply voltage to a 
comparator COMP. Thus, the delay time in the voltage 
comparator 22 is adjusted. 

[0089] An inverter chain comprising series-connected 
inverters 24, as shoWn in FIG. 13, is usable as the delay 
circuit 25 shoWn in FIG. 12A. 
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[0090] FIG. 14 shows another example of the comparator 
replica 13 shown in FIG. 5, Which is disclosed, for example, 
in IEEE Journal of Solid-State Circuits, Vol. 34, No. 4, April 
1999, “Source-Synchronization and Timing Vernier Tech 
niques for 1.2 GB/s SLDRAM Interface” (Prior Art 2). 
According to this technique, a delay circuit comprises a 
multiple stages of CMOS inverters 26. Apair of MOSFETs 
functioning as current-limiting elements are inserted 
betWeen a pair of sources, on the one hand, and poWer 
supply nodes, on the other hand, of each inverter 26. The 
gates of the paired MOSFETs are supplied With a DC 
voltage output from the charge pump circuit and a DC 
voltage having a value varying in accordance With the DC 
voltage from the charge pump circuit. Thereby, the resis 
tance values of the paired MOSFETs functioning as current 
limiting elements are varied and the delay time of each 
inverter 26 is adjusted. 

[0091] Speci?cally, in FIG. 14, tWo PMOSFETs QP1 and 
QP2 are inserted in series betWeen a poWer supply node and 
an output node of each inverter 26, and tWo NMOSFETs 
QN1 and QN2 are inserted in series betWeen the output node 
and a ground node of each inverter 26. An output voltage of 
the charge pump circuit 23 (shoWn in FIG. 12A) is applied 
to the gate of one of the NMOSFETs (NMOSFET QN2 in 
this example). One of the PMOSFETs (PMOSFET QP1 in 
this example) is supplied With an output voltage of a current 
mirror circuit Which comprises a PMOSFET QP21 and an 
NMOSFET QN21 and receives the output voltage of the 
charge pump circuit 23. 

[0092] With this structure, the on-resistance values of the 
PMOSFET QP1 and NMOSFET QN2 of each inverter 26 
vary in accordance With the output voltage of the charge 
pump circuit 23, Whereby the delay time of each inverter 26 
is controlled. 

[0093] In the above description, the MOSFET (PMOSFET 
QP1, NMOSFET QN2) functioning as the current-limiting 
element is provided on each of the P-channel side and 
N-channel side. HoWever, this MOSFET may be provided 
on only one of the P-channel side and N-channel side. 

[0094] FIG. 15 shoWs still another example of the com 
parator replica 13 shoWn in FIG. 5. This comparator replica 
13 is described in the above-mentioned Prior Art 1. The 
comparator replica 13 has a counter circuit 27 for counting 
a control signal output from the phase comparator 20. On the 
basis of the count state of the counter circuit 27, the number 
of delay elements for delaying the signal is adjusted and thus 
the delay time is adjusted. 

[0095] Speci?cally, the control signal from the phase 
comparator 20 (shoWn in FIG. 5) is counted by the counter 
circuit 27. On the other hand, a plurality of inverters 28 
functioning as delay elements are connected in multiple 
stages to constitute an inverter chain 29. Output nodes of 
tWo different inverters (the ultimate and antepenultimate 
inverters in this example) of the inverter chain 29 are 
connected to ?rst ends of tWo sWitches 30 and 31. Second 
ends of the tWo sWitches 30 and 31 are commonly con 
nected. The tWo sWitches 30 and 31 are turned on/off by 
control signals delivered from tWo different count output 
nodes of the counter circuit 27. 

[0096] In the comparator replica 13 With this structure, a 
control signal output from one of the tWo different count 
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output nodes of the counter circuit 27 is activated by the 
control signal from the phase comparator 20. One of the tWo 
sWitches 30 and 31, Which receives the activated control 
signal, is turned on and the output from the associated 
inverter 28 is supplied to the subsequent-stage circuit. 

[0097] The signal output from the turned-on sWitch 30 and 
the signal output from the turned-on sWitch 31 have different 
delay times relative to the input signal, or the clock signal 
CLK2, since the number of inverters in the current path 
leading to the sWitch 30 is different from that of inverters in 
the current path leading to the sWitch 31. The delay time can 
thus be adjusted. 

[0098] In the second embodiment, Where the voltage com 
parator 22 capable of adjusting the delay time is to be 
composed of a voltage comparing circuit for comparing 
voltages and a delay circuit provided in a rear-stage of the 
voltage comparing circuit, the circuit having the structure as 
shoWn in any one of FIGS. 13 to 15 may be used for the 
delay circuit. 

[0099] As has been described above, the delay time of the 
comparator comprising an analog circuit varies due to the 
PVT variance. As is understandable from FIG. 3, in par 
ticular, the in?uence of variance in the process is serious. 
HoWever, the variance in the process is basically not a 
variance occurring in the operating state. Once this variance 
is compensated, there is no need to adjust it in the operating 
state. Accordingly, if the variance in the process is once 
adjusted at the time of poWer-on, only variances due to 
temperature and voltage need to be adjusted. 

[0100] In modern LSIs, an internal poWer supply voltage, 
Which is reduced compared to an external poWer supply 
voltage, is used and no high-speed variation Will occur in the 
poWer supply voltage. Besides, the rate of variation due to 
temperatures is very loW, compared to the operation speed of 
the sync circuit. Accordingly, there is no need to alWays 
adjust the variation due to temperature or voltage. It is 
sufficient to intermittently perform adjustment at regular 
intervals so as to prevent the occurrence of a serious sync 
error from a design value. 

[0101] Adescription Will noW be given of an embodiment 
of the invention Wherein the delay time is intermittently 
adjusted. 

[0102] FIG. 16 is a block diagram shoWing the structure 
of a mirror-type DLL according to a third embodiment of the 
present invention. The basic structure of the DLL shoWn in 
FIG. 16 is the same as that of the DLL shoWn in FIG. 5. 
Thus, the parts common to those in FIG. 5 are denoted by 
like reference numerals and a description thereof is omitted. 
Only the point different from the DLL in FIG. 5 Will be 
described. 

[0103] The difference betWeen the DLL of FIG. 16 and 
that of FIG. 5 is that a frequency-division circuit 32 and an 
AND gate 33 are neWly added. 

[0104] The frequency-division circuit 32 receives the 
clock signal CLK1 from the input buffer 11. The frequency 
division circuit 32 frequency-divides the clock signal CLK1 
at a predetermined frequency-division ratio and outputs the 
resultant signal to the AND gate 33. The output signal of the 
AND gate 33 is supplied to the comparator replica 13. 














