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FIG. 2A 
(PRIOR ART) 
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FIG. 2B 
(PRIOR ART) 

tCK I 

I } tck—(dt+d2) 
|<—>l-——-———— d1+d2 { I I 

d1 : I ' t dt 

| 

ext ctk FE] : |—l |—| 
| I ' | 

. I I Input buffer output '1 : I |—] |—\ |—\ 
| | 

voo output |_| : |_| I I 
1 
t 

clkPLL IT Fl |_| 

DMC output |—| |—| l—\ 



Patent Application Publication Mar. 14, 2002 Sheet 4 0f 9 US 2002/0031042 A1 

FIG. 3A 
(PRIOR ART) 
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FIG. 3B 
(PRIOR ART) 
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DELAY LOCKED LOOP OF A DDR SDRAM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
memory device, and, more particularly, to a delay locked 
loop of a semiconductor memory device. 

BACKGROUND OF THE INVENTION 

[0002] Major characteristics of a semiconductor memory 
are high speed, loW poWer consumption and high integra 
tion. Recently, there has been a tendency to focus on high 
speed memory such as DDR (Double Data Rate) synchro 
nous memory and RAMBUS DRAM from EDO (Extended 
Data Output) memory and synchronous memory. Recently, 
access times around 100 MHZ have been accomplished by 
using a post charge logic and access times higher than that 
speed have been enabled by eliminating clock skeW With a 
PLL (Phase Locked Loop) or a DLL (Delay Locked Loop). 
HoWever, at a clock frequency higher than 200 MHZ, an 
additional clock storage node, a bus line or a control logic 
is required, Which results in enlarged chip siZe. 

[0003] Efforts to realiZe a high speed semiconductor 
memory have resulted in the development of fast page EDO 
memory, synchronous memory, DDR synchronous memory 
and RAMBUS memory. These memories are different from 
each other in speed, but all have inevitable limits. 

[0004] Among the memories described above, the syn 
chronous memory outputs data at a rising edge of a clock 
and inputs data at next rising edge of the clock. The period 
from the output strobe of data to the time at Which data is 
outputted is tAC (Clock Access Time). 

[0005] In 250 MHZ operation, tAC is equal to tCK (Clock 
Cycle Time), Which causes the DRAM controller to miss 
inputting data at the next clock pulse. That is, data cannot be 
read and Written properly at speeds over 250 MHZ. 

[0006] FIG. 1 is a timing diagram of the tAC (Clock 
Access Time) and the clock skeW. Referring to FIG. 1, the 
tAC consists of the clock skeW and the data buffering time. 
The clock skeW means the delay of an internal clock relative 
to an external clock. This delay is due to clock drivers. When 
the delay of an input buffer to Which the external clock is 
applied is d1 and the delay of clock drivers serially coupled 
to the input buffer is d2, the clock skeW is d1+d2. The phase 
locked loop (PLL) or delay locked loop is used to reduce that 
clock skeW so as to realiZe a higher speed memory. 

[0007] HoWever, the phase locked loop or delay locked 
loop requires a number of cycles to lock Which takes a length 
of time tLOCK (Locking time) and subsequently increases 
standby current. 

[0008] FIGS. 2A-2B respectively provide a block diagram 
and a timing diagram of a PLL. Referring to FIG. 2A, the 
phase locked loop includes an input buffer 200 for buffering 
an external clock, a phase error detector 210 for detecting a 
phase difference betWeen the external clock from the input 
buffer 200 and a fed-back clock signal from a delay moni 
toring circuit 240, a loW pass ?lter 220 for eliminating high 
frequency components of the output of the phase error 
detector 210, a voltage controlled oscillator 230 for gener 
ating a clock signal Which is proportional to the output of the 
loW pass ?lter 220, the delay monitoring circuit 240 coupled 
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to the output of the voltage controlled oscillator 230 for 
checking that the phase locked loop is locked normally, and 
a clock driver 250 for driving the output of the voltage 
controlled oscillator 230 as a clock output signal clkPLL. 

[0009] To eliminate the clock skeW by comparing the 
phase of the external clock With that of the internal clock, 
i.e., to have no phase error, hundreds of cycles are repeated 
for the tLOCK. Furthermore, in CMOS processing, it is 
dif?cult to design the voltage controlled oscillator 230 or the 
loW pass ?lter 220. Parameters of the voltage controlled 
oscillator 230 and the loW pass ?lter 220 have no operational 
voltage variation and no processing margin because of loWer 
gain and noise requirements. To solve this problem, a 
synchronous delay line is introduced. Here, a synchronous 
mirror delay Will be described. The synchronous mirror 
delay cannot be used for DDR synchronous memory 
because it operates by detecting the rising edge of the clock 
only. 

[0010] FIGS. 3A and 3B respectively illustrate a block 
diagram and a timing diagram of a synchronous mirror 
delay. Referring to FIG. 3A, the synchronous mirror delay 
includes an input buffer 300 for buffering an external clock 
signal from an external clock, a delay monitoring circuit 
(DMC) 310 for delaying in time the output of the input 
buffer 300 by a skeW to be compensated, a forWard delay 
array (FDA) 320 for adjusting the time delay of the output 
of the delay monitoring circuit 310 in a ?rst direction, a 
mirror control circuit (MCC) 330 coupled to the outputs of 
the forWard delay array 320 and the input buffer 300 for 
developing a clock signal adjusted by the adjusted time 
delay, a backWard delay array (BDA) 340 for adjusting the 
time delay of the output of the mirror control circuit 330 in 
a second direction, an output circuit 350 coupled to the 
output of the backWard delay array 340 for outputting a 
delay locked loop clock signal (CLKsmd). 

[0011] An internal clock can be synchroniZed With the 
external clock in 2 clocks, but a unit delay restricts a jitter. 
The length of a delay chain should be increased to reduce 
this, Which leads to increased area. As compared to the 
number of clocks required by the DLL that is implemented 
by a feed-back circuit, the synchronous mirror delay (SMD) 
reduces the clock skeW by tWo sequential pulses tLOCK. 
The forWard delay array 320 has an input and a number of 
outputs. The backWard delay array 340 has a number of 
inputs and an output. Each of the forWard delay array 320 
and the backWard delay array 340 has a delay unit, tDF 
(ForWard Delay) and tDB (BackWard Delay), respectively. 
The delay units are disposed in parallel and operated in 
opposite directions from each other. This is for simplicity 
and compactness of the circuit. The output of the forWard 
delay array is coupled to the input of the backWard delay 
array through the mirror control circuit 330. 

[0012] FIG. 4 is a more detailed circuit diagram of a 
synchronous mirror delay. Referring to FIG. 4, the synchro 
nous mirror delay includes an input buffer 300 for buffering 
an external clock, a delay circuit 310 for delaying in time the 
output of the input buffer 300, a forWard delay array 320 
receiving the time delayed clock pulse from the delay circuit 
310, a mirror control circuit 330 receiving the outputs of the 
forWard delay array 320 and the delay circuit 310, a back 
Ward delay array 340 receiving the outputs of the mirror 
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control circuit 330, and an output circuit 350 for receiving 
the output of the backward delay array 340 to generate the 
output signal (Int.CLK). 
[0013] In particular, a ?rst stage of the forWard delay array 
320 includes a NAND gate 321 receiving the output of the 
delay circuit 310 and a poWer voltage. It also includes an 
inverter 322 receiving the output of the NAND gate 321. A 
second stage includes (a) a NAND gate 323 Which receives 
the output of the inverter 322 and the poWer voltage, and (b) 
an inverter 324 Which receives the output of the NAN D gate 
323. Athird stage includes a NAN D gate 325 Which receives 
the output of the inverter 324 and an output of the mirror 
control circuit 330. It also includes an inverter 326 Which 
receives the output of the NAND gate 325. A number of 
other stages coupled serially With and constructed similarly 
to the third stage are also included. 

[0014] The mirror control circuit 330 includes a number of 
NAND gates. The output of the inverter of each stage of the 
forWard delay array 320 and the output of the delay circuit 
310 is coupled to a respective one of each of the NAND 
gates. 

[0015] The backWard delay array 340 includes a series of 
stages comprising a NAND gate and an inverter. An output 
of a stage of the mirror control circuit 330 and the output of 
the inverter of the previous stage of the mirror control circuit 
330 is input to the NAND gates as shoWn in FIG. 4. 

[0016] The output circuit 350 includes an even number of 
inverters receiving the output of the ?nal stage of the 
backWard delay array 340. 

[0017] A delay element is constructed by a NAND gate 
and an inverter. The backWard delay array 340 is designed 
to be a mirror image of the forWard delay array 320 so as to 
independently match the delay on processing condition or 
voltage variation of the forWard delay array 320. 

[0018] Undergoing repeated tDF time delay, the clock 
passing the forWard delay array 320 is to be delayed by a 
clock period. Since the clock signal delayed by the forWard 
delay array 320 and the external clock are in phase at that 
time N Which satis?es td+NtDF=tCLK, N can be found. 
Therefore, all the stages to its N-th stage of the delay array 
is activated and these activation signals are transferred to the 
backWard delay array 340. If tDF (forWard delay)=tDB 
(backward delay), only stages to the N-th stage in the 
backWard delay array 340 are operated by values of the 
forWard delay array 320 and total delay of the backWard 
delay array 340 becomes tCK-td. When the delay of the 
input buffer 300 is d1 and the delay of the output circuit 350 
is d2, total delay of the external clock can be expressed as 
folloWs: 

[0019] 
a jitter. 

In such a synchronous mirror delay, a unit delay is 

[0020] As described above, because the conventional 
delay locked loop operates only at the rising edge of the 
clock, they cannot be applied to DDR synchronous memory. 

SUMMARY OF THE INVENTION 

[0021] In accordance With an aspect of the present inven 
tion, there is provided a delay locked loop for use in a 
semiconductor memory device comprising: a ?rst differen 
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tial ampli?er receiving a clock signal at a positive input and 
an inverted clock signal at a negative input for buffering; a 
second differential ampli?er receiving the clock signal at a 
negative input and the inverted clock signal at a positive 
input; a delaying circuit receiving an output of each of the 
?rst and second differential ampli?ers for delaying in time 
the clock signal by a skeW to be compensated; a measure 
ment delay line for adjusting a time delay of an output of the 
delaying circuit in a ?rst direction; a phase comparator 
receiving outputs of the measurement delay line and the ?rst 
differential ampli?er; a variation delay line receiving outputs 
of the phase comparator and the ?rst differential ampli?er 
for adjusting the time delay in a second direction so as to 
detect a rising edge of the clock signal; a duplicate delay line 
receiving outputs of the variation delay line and the second 
differential ampli?er so as to detect a falling edge of the 
clock signal; and an output buffer receiving outputs of the 
variation delay line and the duplicate delay line to output a 
delay locked loop clock signal Which is substantially in 
phase With the clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The folloWing description of preferred examples is 
made in conjunction With the accompanying draWings, in 
Which: 

[0023] FIG. 1 is a timing diagram of tAC (Clock Access 
Time) and clock skeW; 

[0024] FIGS. 2A and 2B respectively provide a block 
diagram and a timing diagram of a phase locked loop; 

[0025] FIGS. 3A and 3B respectively provide a block 
diagram and a timing diagram of a synchronous mirror 
delay; 
[0026] FIG. 4 provides a circuit diagram of a synchronous 
mirror delay; 

[0027] FIG. 5 is a block diagram of an exemplary delay 
locked loop constructed in accordance With the teachings of 
the invention and having a delay circuit synchroniZed With 
a clock; 

[0028] FIG. 6 provides a detailed circuit diagram of the 
delay array of the delay locked loop of FIG. 5; and 

[0029] FIG. 7 shoWs an exemplary timing diagram of a 
measured voltage signal of an actual chip constructed in 
accordance With the teachings of the invention and manu 
factured by 0.6 micro CMOS processing. 

DESCRIPTION OF EXEMPLARY APPARATUS 

[0030] FIG. 5 is a block diagram of a preferred delay 
locked loop having a delay circuit synchroniZed With a 
clock. Referring to FIG. 5, the delay locked loop comprises 
a ?rst differential ampli?er 500 receiving a clock (CLK) at 
a positive input and an inverted clock (CLKB) at a negative 
input for buffering. It also includes a second differential 
ampli?er 570 receiving and buffering the clock (CLK) at a 
negative input and the inverted clock (CLKB) at a positive 
input for buffering. The circuit of FIG. 5 further includes a 
delay circuit 510 receiving the outputs of the ?rst and second 
differential ampli?ers for delaying in time the clock by a 
skeW to be compensated, a measurement delay line 520 for 
adjusting time delay of the output of the delaying circuit 510 
in a ?rst direction, a phase comparator 530 receiving the 
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outputs of the measurement delay line 520 and the ?rst 
differential ampli?er 500 for applying the clock by the 
adjusted time delay; a variation delay line 540 receiving the 
output of the phase comparator 530 and the output of the ?rst 
differential ampli?er 500 for adjusting the time delay in a 
second direction, a duplicate delay line 550 receiving the 
output of the variation delay line 540 and the output of the 
second differential ampli?er 570 for delaying in time the 
clock as adjusted by the measurement delay line 520, and an 
output buffer 560 receiving the outputs of the variation delay 
line 540 and the duplicate delay line 550 to output a delay 
locked loop clock signal. 

[0031] The duplicate delay line 550 is constructed to have 
the same processing and design condition as the measure 
ment delay line 520. It detects a falling clock opposite to a 
rising clock by inverting the polarity of the input of the input 
buffer 500 via buffer 570. A ?rst pulse of the clock signal 
passes through a ?xed delay of the input buffer 500 and the 
measurement delay line 520 having a delay tCK (a cycle of 
the clock)—(d0+d1+d2). The delay tCK-(d0+d1+d2) deter 
mines the delay length of the variation delay line 540. A 
second pulse passes through the variation delay line 540 to 
the output buffer 560. Therefore, total delay is d0+(d0+d1+ 
d2)+d1+[tCK-(d0+d1+d2)]+d2=2tCK. In other Words, the 
clock skeW is eliminated in 2 clocks. Because the duplicate 
delay line 550 delays the falling edge of the clock by 
[tCK-(d0+d1+d2)], the falling edge of the clock is locked. 
The minimum locking frequency of the delay locked loop is 
determined by a sum of delays of the delay circuit 510 and 
the measurement delay line 520. 

[0032] FIG. 6 provides a detailed circuit diagram of the 
delay array of the delay locked loop. Referring to FIG. 6, the 
illustrated delay array includes a plurality of stages. The ?rst 
stage 600 includes a NAND gate 601 receiving the poWer 
voltage and the output of the delay circuit 510, an inverter 
602 receiving the output of the NAN D gate 601, a D-?ip ?op 
603 receiving the outputs of the NAN D gate 601 and the ?rst 
differential ampli?er 500, a NAND gate 604 receiving the 
inverted outputs of the D-?ip ?op 603 and a NAN D gate 621 
of a next stage, a NOR gate 605 receiving the outputs of the 
NAND gate 604 and the ?rst differential ampli?er 500, an 
inverter 606 receiving the output of the NOR gate 605, a 
NAND gate 607 receiving the outputs of the inverter 606 
and an inverter 622 of the next stage 620, an inverter 608 
receiving the output of the NAND gate 607 to output to a 
NAND gate of a previous stage, a NOR gate 609 receiving 
the outputs of the second differential ampli?er 570 and the 
NAND gate 604, an inverter 610 receiving the output of the 
NOR gate 609, a NAND gate 611 receiving the outputs of 
the inverter 610 and an inverter 623 of the next stage 620, 
and an inverter 612 receiving the output of the NAND gate 
611. 

[0033] A second stage 620 is identical to the ?rst stage 
600. Athird stage 640 is similar to the ?rst stage 600 except 
that a NAND gate 631 receives an output of an inverter 624 
of the second stage 620 and the output of the NAND gate 
604 of the ?rst stage 600. The remaining stages are similar 
to the third stage 640 as shoWn in FIG. 6. 

[0034] The delay array of FIG. 6 includes: (1) a measure 
ment delay line 520 having a tWo-input NAN D gate 601 and 
an inverter 602; (2) a phase comparator 530 having a D-?ip 
?op 603; (3) a variation delay line 540 of a locked delay 
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array; and (4) a tWo-input NOR gate 609 and an inverter 610 
for sWitching a ?rst input clock (CLK_DEL) and an inverted 
?rst input clock (CLKB_DEL) from the duplicate delay line 
to a second direction. The delay of the sWitching NOR gate 
609 and inverter 610 is d1. 

[0035] The phase comparator 530 compares the output of 
the N-th stage of the delay line of the phase comparator With 
the output of the N+1-th stage at the ?rst input clock 
(CLK_DEL) and outputs logic loW if the output of the N-th 
stage is logic high and the output of the N+1-th stage is logic 
loW, Which means phase locking. In FIG. 6, locked portion 
is shoWn. Because the signal need not be transferred to 
stages after this stage, the stages after this stage are deac 
tivated. 

[0036] The D-?ip ?op 603 is triggered at a positive edge 
and is used in the phase comparator 530 of the delay array. 
The capacitance Within the variation delay line 540 and the 
duplicate delay line 550 are made equal by modeling the 
D-?ip ?ops 603. 

[0037] FIG. 7 shoWs an exemplary timing diagram of a 
measured voltage signal of an actual chip manufactured by 
0.6 micro CMOS processing. Referring to FIG. 7, at 200 
MHZ clock frequency, output can be provided Without the 
clock skeW as the clock (CLK) and the inverted clock 
(CLKB) are applied. 

[0038] As described above, the disclosed delay locked 
loop is made applicable to DDR synchronous memory by 
using the duplicate delay line 550 controlled by the clock 
and the inverted clock so as to detect the delay locked loop 
clock at both the rising edge and the falling edge of the 
clock. 

[0039] While the teachings of the invention have been 
explained With respect to particular examples, it Will be 
apparent to those or ordinary skill in the art that the scope of 
this patent is not limited to those examples. On the contrary, 
this patent covers all apparatus falling Within the spirit and 
scope of the appended claims. 

What is claimed is: 
1. Adelay locked loop for use in a semiconductor memory 

device, the delay locked loop comprising: 

a ?rst differential ampli?er receiving a clock signal at a 
positive input and an inverted clock signal at a negative 
input; 

a second differential ampli?er receiving the clock signal 
at a negative input and the inverted clock signal at a 
positive input; 

a delaying circuit receiving an output of each of the ?rst 
and second differential ampli?ers for delaying in time 
the clock signal by a skeW to be compensated; 

a measurement delay line for adjusting a time delay of an 
output of the delaying circuit in a ?rst direction; 

a phase comparator receiving outputs of the measurement 
delay line and the ?rst differential ampli?er; 

a variation delay line receiving outputs of the phase 
comparator and the ?rst differential ampli?er for 
adjusting the time delay in a second direction so as to 
detect a rising edge of the clock signal; 
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a duplicate delay line receiving outputs of the variation 
delay line and the second differential ampli?er so as to 
detect a falling edge of the clock signal; and 

an output buffer receiving outputs of the variation delay 
line and the duplicate delay line to output a delay 
locked loop clock signal Which is substantially in phase 
With the clock signal. 

2. The delay locked loop as recited in claim 1, Wherein the 
measurement delay line includes a ?rst stage having: (a) a 
?rst NAND gate receiving the output of the delaying circuit 
and a poWer voltage; and (b) a ?rst inverter receiving an 
output of the ?rst NAND gate. 

3. The delay locked loop as recited in claim 2, Wherein the 
measurement delay line includes a second stage having: (a) 
a second NAN D gate receiving the output of the ?rst inverter 
and the poWer voltage; and (b) a second inverter receiving 
the output of the second NAND gate. 

4. The delay locked loop as recited in claim 2, Wherein the 
phase comparator includes a ?rst stage having: (a) a D-?ip 
?op receiving the output of the ?rst NAND gate and the 
output of the ?rst differential ampli?er; and (b) a third 
NAND gate receiving the output of the D-?ip?op and an 
inverted output of a neXt stage. 

5. The delay locked loop as recited in claim 3, Wherein the 
phase comparator includes a ?rst stage having: (a) a D-?ip 
?op receiving the output of the ?rst NAND gate and the 
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output of the ?rst differential ampli?er; and (b) a third 
NAND gate receiving the output of the D-?ip?op and an 
inverted output of a neXt stage. 

6. The delay locked loop as recited in claim 5, Wherein the 
measurement delay line includes a third stage having: (a) a 
fourth NAND gate receiving the output of the second 
inverter and the output of the third NAND gate; and (b) a 
third inverter receiving the output of the fourth NAND gate. 

7. The delay locked loop as recited in claim 4, Wherein the 
variation delay line includes a ?rst stage having: (a) a ?rst 
NOR gate receiving the output of the third NAND gate and 
the output of the ?rst differential ampli?er; (b) a third 
inverter receiving the output of the ?rst NOR gate; (c) a ?fth 
NAN D gate receiving the output of the third inverter and the 
output of the variation delay line; and (d) a fourth inverter 
receiving the output of the ?fth NAND gate. 

8. The delay locked loop as recited in claim 4, Wherein the 
duplicate delay line includes a ?rst stage having: (a) a 
second NOR gate receiving the output of the second differ 
ential ampli?er and the output of the third NAND gate; (b) 
a ?fth inverter receiving the output of the second NOR gate; 
(c) a siXth NAND gate receiving the output of the ?fth 
inverter and output of the duplicate delay line; and (d) an 
inverter receiving an output of the siXth NAND gate. 


