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DELAY LOCKED LOOP FINE TUNE 

0001. This application is Continuation of U.S. applica 
tion Ser. No. 09/903,245, filed Jul. 11, 2001, which is 
incorporated herein by reference. 

TECHNICAL FIELD 

0002 The embodiments of present invention relate to 
signal generation in integrated circuits, and in particular to 
signal generation using a delay locked loop. 

BACKGROUND 

0003 Delay locked loops (DLLs) are often used in inte 
grated circuits (ICs) to generate an internal clock signal. The 
internal clock signal is generated by applying a delay to a 
system clock or an external clock signal. The DLL auto 
matically adjusts the delay to keep the internal and external 
clock signals synchronized. 

0004. A conventional DLL includes a delay line. The 
delay line includes a number of delay stages to apply an 
amount of delay to an external clock signal to generate an 
internal clock signal. A phase detector compares the phase 
difference between the external and internal clock signals. If 
the external and internal signals are not synchronized, the 
phase detector generates shifting signals. A shift register 
connected to the delay lines receives the shifting signals to 
adjust the amount of delay applied to the external clock 
signal. The phase comparison and delay adjustment process 
repeats until the external and internal and clock signals are 
synchronized. When the external and internal and clock 
signals are synchronized, the phase detector disables the 
shifting signal to lock the DLL. 
0005. In each delay adjustment in a conventional DLL, 
the delay applied by the delay line is increased or decreased 
by a delay of one delay stage of the delay line. Thus, after 
each delay adjustment, the phase difference between the 
external and internal clock signals become narrower. In 
other words, after each delay adjustment, the internal clock 
signal comes closer to an allowable window that indicates 
the synchronism between the external and internal clock 
signals. In some cases, the internal signal may miss the 
window, i.e., overshoot or undershoot the target delay, and 
therefore a Subsequent adjustment step is unnecessarily 
created. Moreover, adjusting the delay by a delay stage of 
the delay line may not provide satisfactory level of accuracy 
especially if the DLL is used in new generations of high 
speed devices such as microprocessor and dynamic random 
access memory (DRAM) devices. 
0006 For the reasons stated above, and for other reasons 
stated below which will become apparent to those skilled in 
the art upon reading and understanding the present specifi 
cation, there is a need in the art for an improved DLL. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is diagram of a DLL according to an 
embodiment of the invention. 

0008 FIG. 2 is diagram of a delay element of the DLL 
of FIG. 1 

0009 FIG. 3 is diagram showing timing relationship 
between an external signal and an internal signal of the DLL 
of FIG. 1. 
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0010 FIG. 4 is a block diagram of a delay line and 
controller according to an embodiment of the invention 
0011 FIG. 5 is diagram of a DLL according to another 
embodiment of the invention. 

0012 FIG. 6 is diagram memory device according to an 
embodiment of the invention. 

0013 FIG. 7 is diagram showing in more detail a portion 
of memory device of FIG. 6. 
0014 FIG. 8 is diagram of a system according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0015 The following detailed description refers to the 
accompanying drawings which form a part hereof, and 
which is shown, by way of illustration specific embodiments 
in which the subject matter of the invention may be prac 
ticed. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the embodiments 
of invention, and it is to be understood that other embodi 
ments may be utilized and that logical, mechanical and 
electrical changes may be made without departing from the 
scope of the present embodiments of the invention. The 
following detailed description is, therefore, not to be taken 
in a limiting sense, and the Scope of the invention is defined 
only by the appended claims. 
0016 FIG. 1 is a diagram of a digital DLL 100 according 
to an embodiment of the invention. DLL 100 includes an 
input at node 101 and an output at node 199. Input 101 
receives an external clock signal XCLK and output 199 
provides an internal clock signal DLLCLK. DLL 100 also 
includes a coarse delay segment 110, a fine delay segment 
120, a feedback path 175, a phase detector 180 and a logic 
circuit 185. 

0017 Coarse delay segment 110 includes an input con 
nected to node 101 to receive the XCLK signal. The XCLK 
signal is provided to a delay line 112. Delay line 112 
includes a plurality of delay stages 113-0 to 113-N. Each of 
the delay stages provides a delay (delay time). In an embodi 
ment, the delay of each of the delay stages is about 200 
picoseconds. However, in Some other embodiments, the 
delay of each of the delay stages can be different. In the 
embodiment represented by FIG. 1, coarse delay segment 
110 provides a smallest or minimum delay equal to the delay 
of one delay stage (or 200 picoseconds) and a largest or 
maximum delay equal to the delay of one delay stage (200 
picoseconds) multiplied by the total number of delay stages 
(N). In other words, coarse delay segment 110 includes a 
coarse delay range with a minimum delay equal to one delay 
stage and a maximum delay equal to the product of the total 
number of the delay stages and the delay of one delay stage. 
0018 Delay line 112 connects to a controller 114 through 
a plurality of control taps 116-0 to 116-N. Controller 114 
receives a coarse shift left signal SLC on line 118 and a 
coarse shift right signal SRC on line 119. The SLC and SRC 
signals are also referred to as coarse adjusts signals. Based 
on the SLC and SRC signals, controller 114 adjust an 
amount of coarse delay applied to the XCLK signal by delay 
line 112 to provide a coarse delayed signal Cout at output 
node 111. Controller 114 adjusts the coarse delay by increas 
ing or decreasing the delay applied to the XCLK signal. 
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0.019 Fine delay segment 120 connects to coarse delay 
segment 110 at node 111 to receive the Cout signal. Fine 
delay segment 120 includes a plurality of fine delay ele 
ments (D) 122, 124 and 126 connected in a cascading 
fashion to form a plurality fine delay paths 131, 132, 133 and 
134. In the embodiment represented by FIG. 1, each of the 
fine delay elements 122, 124 and 126 is represented by delay 
element 200 shown in FIG. 2 which includes two inverters 
202 and 204 connected in series. Fine delay segment 120 
further includes a selector or multiplexor (MUX) 130, and a 
shift register 150. 

0020 Fine delay paths 131, 132, 133 and 134 connect to 
a common input at node 111 to receive the same Cout signal. 
Fine delay paths 131, 132, 133 and 134 apply unequal 
amounts of delay to the Cout signal to generate a plurality 
of fined delay signals DLLA, DLLB, DLLC and DLLD. The 
fine delayed signals DLLA, DLLB, DLLC and DLLD have 
different phase shifts. In other words, because each of the 
fine delay paths 131, 132, 133 and 134 delays the Cout 
signal with a different amount of delay, the DLLA, DLLB, 
DLLC and DLLD do not have the same phase. 
0021 Delay path 131 includes an output A, which pro 
vides the DLLA signal. Delay path 132 includes delay 
element 122 and an output B, which provides the DLLB 
signal. Delay path 133 includes delay elements 122 and 124 
and an output C, which provides the DLLC signal. Delay 
path 134 includes delay elements 122, 124 and 126 and an 
output D, which provides the DLLD signal. In the embodi 
ment represented by FIG. 1, each of the delay elements 122, 
124 and 126 includes a delay (delay time) of about 50 
picoseconds, which is smaller than the delay of each of the 
delay stages 1130-N of delay line 112 (200 picoseconds). In 
some other embodiments, each of the delay elements 
includes a delay that is different than 50 picoseconds. 

0022. In the embodiment represented by FIG. 1, delay 
path 131 does not include a delay, thus, delay path 131 
provides Zero delay. Delay path 134 includes three delay 
elements with 50 picosecond delay provided by each delay 
element, thus, delay path 134 provides 150 picosecond 
delays (3x50 picoseconds). Therefore, fine delay segment 
120 provides a smallest or minimum delay equal to Zero and 
a largest or maximum delay equal to the delay of one delay 
element multiplied by the number of delay elements of the 
fine delay path that has the most delay elements. In other 
words, fine delay segment 120 includes a fine delay range 
with a minimum delay equal to Zero and a maximum delay 
equal to the product of the delay of one delay element and 
the number of delay elements of the fine delay path that has 
the most delay elements. For example, in the embodiment 
represented by FIG. 1, the delay path that has the most delay 
elements is delay path 134, which has 3 delay elements (122. 
124 and 126). Therefore, the largest or maximum delay of 
fine delay 120 is 150 picoseconds (50 psX3). In comparison 
with coarse delay segment 110, a Smallest delay of coarse 
delay segment 110 is 200 picoseconds (delay of one delay 
stage). Therefore, the maximum delay of fine delay segment 
120 (150 picoseconds) is smaller than the minimum delay or 
the delay of one delay stage of coarse delay segment 110 
(200 picoseconds). 

0023 MUX 130 connects to delay paths 131, 132, 133 
and 134 at the outputs A, B, C and D to receive the DLLA, 
DLLB, DLLC, and DLLD signals. MUX 130 also connects 
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to a plurality of select lines 141, 142, 143 and 144 to receive 
a plurality of select signals SA, SB, SC and SD. MUX 130 
selects one of the fine delay signals DLLA, DLLB, DLLC, 
and DLLD in response to one of the select signals SA, SB, 
SC and SD and provides the selected fine delayed signal to 
output 199 as the DLLCLK signal. 
0024. A shift register 150 connects to select lines 141, 
142, 143 and 144 to provide the select signals SA, SB, SC 
and SD to MUX 130. Shift register 150 includes a plurality 
of register cells (C) 151, 152, 153 and 154. Each of the 
register cells 151-154 holds a logic value such as logic 0 or 
logic 1. Each of the register cells 151-154 includes an output 
connected to one of the select lines 141, 142, 143 and 144 
to provide one of the SA, SB, SC and SD signals. Shift 
register 150 receives shifting signals, generated by phase 
detector 180, on lines 160 and 162. The shifting signals 
includes a shift left signal (SL) provided on line 160 and a 
shift right signal (SR) provided on line 162. 
0.025 Shift register 150 can be a conventional type bidi 
rectional shift register. That means the shift register is 
capable of shifting and rotating the content of the register 
cells right and left. In the embodiment represented by FIG. 
1, shift register 150 is initially set such that the content of 
register cell 151 is rotated to replace the content of register 
cell 154 when shift register 150 performs a shift right; and 
the content of register cell 154 is rotated to replace the 
content of register cell 151 when shift register 150 performs 
a shift left. Shift register 150 is also initially set such that 
only one of the register cells holds a logic 1, all other register 
cells hold a logic 0. For example, only register cell 153 is set 
to logic 1; other register cells 151, 152 and 154 are set to 
logic 0. In addition, when a register cell holds a logic 1, the 
signal at its output is asserted with a high signal level 
(HIGH). When a register cell holds a logic 0, the signal at 
its output is asserted with a low signal level (LOW). 
0026 Phase detector 180 includes a first input I1 and a 
second input I2. Input I1 connects to node 101 to receive the 
XCLK signal; input I2 connects to a feedback path 175 to 
receive a feedback signal CLKFB. In the embodiment 
represented by FIG. 1, feedback path 175 connects to node 
199 to receives the DLLCLK signal and provides it as the 
CLKFB signal to input 12 of phase detector 180. Phase 
detector 180 also includes outputs connected to lines 160 
and 162 to provide the shifting signals SL and SR. The SL 
and SR signals are provided to shift register 150. The SL and 
SR signals are also provided to a logic circuit 185. 
0027 Logic circuit 185 includes a first AND gate 186 and 
a second AND gate 188. AND gate 186 includes inputs 
connected to line 160 and 141 to receive the SL and SA 
signals. An output of AND gate 186 connects to line 118 to 
provides the SLC signal. AND gate 188 includes inputs 
connected to line 162 and 144 to receive the SR and SD 
signals. An output of AND gate 188 connects to line 119 to 
provides the SRC signal. The SLC and SRC signals are 
provided to controller 114. When the SLC or SRC signal is 
activated, i.e., HIGH, controller 114 of coarse delay segment 
110 causes delay line 112 to adjust the coarse delay. When 
the SLC or SRC is not activated, i.e., LOW, coarse delay 
segment 110 remains at its current state or idling. 
0028 Coarse delay segment 110 adjusts the coarse delay 
by increasing or decreasing the coarse delay by one coarse 
unit delay at a time. In FIG. 1, delay line 112 includes a 
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plurality of delay stages 1130-N. Each of the delay stages 
provides the same delay. Therefore, when coarse delay 
segment 110 adjusts the coarse delay by adding or removing 
one delay stage from the external clock path (from node 101 
to node 111), the coarse delay is increased or decreased by 
a delay equal to the delay of one delay stage. In other words, 
the coarse unit delay of coarse delay segment 110 is equal to 
the delay of one delay stage of coarse delay segment 110. 
0029 Fine delay segment 120 adjusts the fine delay by 
increasing or decreasing the fine delay by one fine unit delay 
at a time. In FIG. 1, each of the delay paths 132, 133 and 134 
includes a different number of delay elements. The number 
of delay elements between two adjacent fine paths differs by 
one delay element. Therefore, when fine delay segment 120 
adjusts the fine delay by selecting one of the delay paths, the 
fine delay is increased or decreased by a delay equal to a 
delay of one delay element. In other word, the fine unit delay 
of fine delay segment 120 is equal to the delay of one delay 
element of fine delay segment 120. 
0030. In summary, fine delay segment 120 adjusts the fine 
delay by increasing or decreasing the fine delay one fine unit 
delay at a time. Coarse delay segment 110 adjusts the coarse 
delay by increasing or decreasing the coarse delay one 
coarse unit delay at a time. The delay of the fine unit delay 
is equal to a delay of one delay element of fine delay 
segment 120. The delay of the coarse unit delay is equal to 
a delay of one delay stage of coarse delay segment 110. The 
delay of the delay element is smaller than the delay of the 
delay stage. Therefore, the delay of the fine unit delay is 
smaller than the delay of the coarse unit delay. 

0031. It is noted that the terms “earlier' (or leads) and 
“later (or lags) are used in describing the rising edge of the 
XCLK signal in relation to the rising edge of the DLLCLK 
signal. These terms, however, are only used in a relative 
sense. That is assuming that both the XCLK and DLLCLK 
signals have the same reference time in which the rising 
edge of the XCLK signal is used as the reference. Thus these 
terms are not absolute. 

0032. In operation, referring to FIG. 1, the XCLK signal 
enters delay line 112 at one preset entry point. For example, 
in FIG. 1, the preset entry point is point X at delay cell 
113-1. In some other embodiments, the entry point can be set 
at any point along delay line 112. After entering point X, the 
XCLK signal propagates from delay cell 113-1 through a 
certain number of delay cells and becomes the Cout signal 
at node 111. 

0033 Fine delay segment 120 receives the Cout signal at 
node 111 and passes it through fine delay paths 131, 132,133 
and 134 to generate the fine delay path signals DLLA, 
DLLB, DLLC and DLLD. Path 131 passes the Cout signal 
to its output A as the DLLA signal. Path 132 passes the Cout 
signal through delay element 122 to generate the DLLB 
signal at output B. Path 133 passes the Cout signal through 
delay elements 122 and 124 to generate the DLLC signal at 
output C. Path 134 passes the Cout signal through delay 
elements 122, 124 and 126 to generate the DLLD signal at 
output D. The DLLA, DLLB, DLLC and DLLD signals are 
provided to MUX 130. 

0034). In the embodiment represented by FIG. 1, fine 
delay segment 120 includes a fine delay range. The delay 
range has a smallest delay and a largest delay. Path 131 
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provides the Smallest or minimum delay in comparison to 
the delays provided by other paths 132, 133 and 134. In 
contrast, path 134 provides the largest or maximum delay in 
comparison to the delays provided by paths 131, 132 or 133. 
Therefore, fine delay segment 120 is at a smallest or 
minimum delay in the delay range when the DLLA signal on 
path 131 is selected by MUX 130 as the DLLCLK signal. 
Fine delay segment 120 is at a maximum delay in the delay 
range when the DLLD signal on path 134 is selected by 
MUX 130 as the DLLCLK signal. 
0035). MUX 130 operates in a fashion such that it only 
selects one of the DLLA, DLLB, DLLC and DLLD signals 
and passes the selected signal to node 199 as the DLLCLK 
signal. Only one of the select signals SA, SB, SC and SD is 
enabled or activated at a time, i.e., HIGH, to cause MUX130 
to select only one of the DLLA, DLLB, DLLC and DLLD 
signals. The activation of the SA, SB, SC and SD is 
controlled by shift register 150. In the embodiment repre 
sented by FIG. 1, shift register 150 includes register cells 
151-154. Each of the register cells 151-154 includes an 
output to provide one of the SA, SB, SC and SD signals. 
Therefore, the activation of the select signals SA, SB, SC 
and SD depends on outputs of register cells 151-154. The 
outputs of the register cells are determined by the states or 
contents of the register cells. As explained earlier, only one 
of the register cells holds a logic 1 to activate only one of the 
respective select signals SA, SB, SC and SD to pass one of 
the DLLA, DLLB, DLLC and DLLD signals to node 199 as 
the DLLCLK signal. 
0036) The DLLCLK signal is provided on feedback line 
175 as the feedback signal CLKFB to phase detector 180. 
Thus, the CLKFB is the same as the DLLCLK signal. Phase 
detector 180 compares the relative timing between the edges 
of the XCLK and CLKFB signals. Based on the difference 
between the edges of the XCLK and CLKFB signals, phase 
detector 180 generates the SL or SR accordingly. The SL or 
SR signal is provided to logic circuit 185 and shift register 
150 so that coarse delay segment 110 and fine delay segment 
120 can adjust the coarse and fine delays to synchronize the 
XCLK and DLLCLK signals. Fine delay segment 120 
adjusts the fine delay based on the SL or SR signal. Coarse 
delay segment 110, however, adjusts the coarse delay based 
on a combination of the SL or SR signal and the current state 
or condition of fine delay segment 120. 

0037 As a first example, assuming the DLLCLK signal 
is currently selected from the DLLC signal by MUX 130. 
This means that the select signal SC is active (or activated) 
and register cell 153 holds a logic 1. At this point, assume 
that XCLK and DLLCLK signals are not synchronized. 
Thus, two possible situations can occur as shown in FIG. 3. 
In this example, the rising edge of the XCLK signal is 
leading the rising edge of the DLLCLK signal by a delay D1 
as shown in FIG. 3. In this case, after comparing the rising 
edges of the XCLK and CLKFB (DLLCLK) signals, phase 
detector 180 generates the SR signal to allow coarse delay 
segment 110 or fine delay segment 120 to decrease the 
coarse or fine delay applied to the XCLK or Cout signal. 
This allows the CLKFB signal to catch up and eventually be 
synchronized with the XCLK signal. 

0038. When shift register 150 receives the SR signal from 
phase detector 180, it causes each of the register cells 
151-154 to shift one position to the right. Thus, logic 1 is 
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shifted from register cell 153 to register cell 152. This 
disables or deactivates the SC signal at the output of register 
cell 153 and enables or activates the SB signal at the output 
of register cell 152. Accordingly, the deactivated SC signal 
causes MUX 130 to de-select the DLLC signal, and the 
activated SB signal causes MUX 130 to select the DLLB 
signal. MUX 130 passes the DLLB signal to node 199 as the 
(new) DLLCLK signal. By switching from the DLLC signal 
to the DLLB signal, fine delay segment 120 decreases the 
fine delay applied to the Cout signal because the DLLB 
signal is provided by path 132, which has fewer delay 
elements than path 133, which provides the DLLC signal. 

0039. At the same time that fine delay segment 120 is 
adjusting the fine delay in this example, coarse delay seg 
ment 110 does not adjust the coarse delay because the SLC 
or SRC signal is not active, i.e., is LOW. In the embodiment 
represented by FIG. 1, one of the inputs of AND gates 186 
and 188 connects to the outputs of register cells 151 or 154. 
In this example, since the signals at both outputs of register 
cells 151 and 154 are not active or LOW, one of the inputs 
of AND gates 186 and 188 is also LOW. This forces a LOW 
to both outputs of AND gates 186 and 188. This means that 
the SLC and SRC signals are LOW. When the SLC and SRC 
signals are LOW, coarse delay segment 110 is idling or does 
not adjust the coarse delay. 

0040. After the selection of the DLLB signal as the 
DLLCLK signal by MUX 130, phase detector 180 repeats 
the comparison between the XCLK and CLKFB (DLLCLK) 
signals. If the XCLK signal still leads the DLLCLK signal 
by a delay, phase detector will again activate the SR signal. 
This time, shift register 150 and MUX 130 operate in a 
similar manner as described in the above description. Shift 
register 150 performs a shift right and shifts the logic 1 from 
register cell 152 to register cell 151. This causes the register 
cell 151 to active the SA signal, which enables MUX 130 
deselect the DLLB signal and to select the DLLA signal to 
node 199 as the DLLCLK signal. At this time, since the 
DLLA signal is selected as the DLLCLK signal, fine delay 
segment 120 is at the minimum delay. 

0041. In the above example, fine delay segment 120 is at 
the minimum delay. Again, the XCLK and CLKDLL are not 
synchronized and phase detector 180 activates the SR signal 
indicating a need to decrease the coarse or fine delay. This 
time, fine delay segment 120 cannot further decrease the fine 
delay when it receives the SR signal because it is at the 
minimum delay. Therefore, when fine delay segment 120 is 
at the minimum delay and the SR signal (decrease) is 
activated, the decrease in delay is performed by coarse delay 
segment 110. 

0.042 Fine delay segment 120 is at minimum delay when 
register cell 151 holds the logic 1. When shift register 150 
receives the (HIGH) SR signal, it shifts and rotates the logic 
1 from register cell 151 to register cell 154. This is a 
conventional shifting operation associated with conven 
tional bidirectional shift register as known to those skilled in 
the art. When register cell 154 has the logic 1, it activates the 
SD signal (HIGH) on line 144. At this time, both of the SR 
signal on line 162 and the SA on line 144 are HIGH. Since 
the inputs of AND gate 188 connect to lines 162 and 144, 
both of the inputs are also HIGH. This forces a HIGH to the 
output of AND gate 188 at node 119. This means that the 
SRC signal at node 119 is HIGH. When the SRC is HIGH, 
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it causes controller 114 to cause delay line 112 to adjust the 
coarse delay by decreasing the coarse delay applied to the 
XCLK signal. 
0043. At the same time coarse delay segment 110 
decreases the coarse delay, fine delay segment 120 deselects 
the DLLA signal and selects the DLLD signal as the 
DLLCLK signal. This means that fine delay segment 120 is 
Switched from the minimum delay to the maximum delay. In 
Summary, when fine delay segment 120 is at the minimum 
delay and the decrease or SR signal is activated, fine delay 
segment 120 sends the select signal SD to coarse delay 
segment 110. The SD signal, in combination with the SR 
signal, enables coarse delay segment 110 to decrease the 
coarse delay. At fine delay segment 120, the DLLD signal 
selected as the DLLCLK signal. This sets fine delay segment 
120 to the maximum delay. 
0044) In the first example above, fine delay segment 120 

is set to the maximum delay when coarse delay segment 110 
switches. However some other embodiments, fine delay 
segment 120 can also be set to a delay that is different from 
the maximum delay when coarse delay 110 switches. For 
instance, fine delay segment 120 can be set to any delay 
between the minimum and maximum delays of the fine 
delay range when coarse delay segment 110 Switches. To 
achieve this, shift register 150 shown in FIG. 1 is set or 
initialized to shift and rotate the content of register cell 151 
to any one of the other register cells such as register cell 152 
or 153. By initializing shift register 150 this way, when 
coarse delay segment 110 switches, fine delay segment 120 
is set to provide a delay between the minimum and maxi 
mum delays or a delay that is different from the maximum 
delay. 

0045. In the first example described above, the XCLK 
signal is assumed to be leading the DLLCLK signal as 
indicated by the delay D1 in one of the two possible 
situations shown in FIG. 3. As a second example, assuming 
the other situation occurs, i.e., the XCLK signal is lagging 
the DLLCLK signal by a delay D2 also shown in FIG. 3. In 
this case, the operation of DLL 100 is similar to its operation 
in the first example but in an opposite manner. This time, 
after comparing the rising edges of the XCLK and CLKFB 
signals, phase detector 180 activates the SL (increase) signal 
instead of the SR (decrease) signal. This allows coarse delay 
segment 110 or fine delay segment 120 to increase the coarse 
or fine delay applied to the XCLK or Cout signal to 
synchronize the XCLK and DLLCLK signals. 
0046. In the second example, shift register 150 shifts the 
content of register cells 151-154 to the left. The select 
signals SA, SB, SC and SD are activated in the order starting 
from SA to SD. Accordingly, MUX 130 selects fine delayed 
signal DLLA, DLLB, DLLC and DLLD in the order from 
DLLA to DLLD. When fine delay segment 120 is at the 
maximum delay, i.e., the DLLD signal is selected as the 
DLLCLK signal, and the SL (increase) signal is activated, 
fine delay segment 120 cannot further increase the fine 
delay. Thus, the increase in delay is perform by coarse delay 
segment 110. 
0047. In an opposite situation from the first example, 
when fine delay segment 120 is at the maximum delay and 
the SL signal is activated, the content of register cell 154 
(logic 1) is shifted to register cell 151. After the shift, 
register cell 151 holds logic 1, thus, the SA signal is 
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activated. At this time, both the SL signal on line 160 and the 
SA signal on line 141 are HIGH. Since the inputs of AND 
gate 186 connect to lines 160 and 141, both of the inputs are 
also HIGH. This forces a HIGH to the output of AND gate 
186 at node 118. This means that the SLC signal at node 119 
is also HIGH. When the SLC is HIGH, it causes controller 
114 to cause delay line 112 to adjust the coarse delay by 
increasing the coarse delay applied to the XCLK signal. 

0.048. At the same time coarse delay segment 110 
increases the coarse delay, fine delay segment 120 deselects 
the DLLD signal and selects the DLLA signal as the 
DLLCLK signal. This means that fine delay segment 120 is 
Switched from the maximum delay to the minimum delay. In 
Summary, when fine delay segment 120 is at the maximum 
delay and the increase or SL signal is activated, fine delay 
segment 120 sends the select signal SA to coarse delay 
segment 110. The SA signal, in combination with the S1 
signal, enables coarse delay segment 110 to increase the 
coarse delay. At fine delay segment 120, the DLLA signal is 
selected as the DLLCLK signal. This sets fine delay segment 
120 to the minimum delay. 
0049. In the second example above, fine delay segment 
120 is set to the minimum delay when coarse delay segment 
110 switches. However, this is not the only option. In some 
other embodiments, fine delay segment 120 is set to a delay 
that is different from the minimum delay when coarse delay 
110 switches. For instance, fine delay segment 120 can be set 
to any delay between the minimum and maximum delays of 
the fine delay range coarse delay segment 110 Switches. To 
achieve this, shift register 150 shown in FIG. 1 can be set 
or initialized to rotate the content of register cell 154 to any 
one of the other register cells such as register cell 152 or 153. 
By initializing shift register 150 this way, when coarse delay 
segment 110 switches, fine delay segment 120 is set to 
provide a delay that is between the minimum and maximum 
delays or a delay that is different from the minimum delay. 

0050 FIG. 4 is a block diagram of a delay line 412 
connected to a controller 424 according to an embodiment of 
the invention. Delay line 412 and controller 424 represent 
delay line 112 and controller 114 of FIG. 1. Delay line 412 
includes a plurality of delay stages 413-0 to 413-N con 
nected to a common input node 401 to receive an external 
clock signal XCLK. Delay line 412 also includes an output 
connected node 411 to provide the delayed signal Cout. 
Controller 424 includes a shift register 405 connected to a 
register control circuitry 420. Shift register 405 includes a 
plurality of shift register cells 410-0 to 410-N. Register cells 
410-0 to 410-N include a plurality of outputs 416-0 to 
416-N, which are shown as control taps 116-0 to 116-N in 
FIG. 1. The number of shift register cells 4100-N is equal 
to the number of delay stages 413-0 to 413-N. Control 
circuitry 420 connects to lines 442 and 443 to receive the 
SLC and SRC signals, which are represented by the SLC and 
SRC signals on line 118 and 119 of FIG. 1. 
0051. In operation, register control circuitry 420 receives 
the SLC or SRC signal provided on line 442 or 443. Based 
on the SLC or SRC signal, control circuitry 420 causes 
register cells to select different output lines 4160-N. Based 
on the selected output lines, delay line 412 selects a different 
number of delay cells 4130-N that the XCLK signal passes 
through. Thus, the amount of delay applied to the XCLK 
signal is also changed accordingly. Control circuitry 420 and 
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delay line 412 repeat the process until the XCLK and 
DLLCLK signals are synchronized. 
0.052 FIG. 5 is diagram of DLL 500 according to another 
embodiment of the invention. DLL 500 is a variation of DLL 
100 as shown in FIG. 1. For simplicity same elements in 
both DLLs have the same reference numbers. In the embodi 
ment represented by FIG. 1, the CLKFB provided by 
feedback path 175 is the same as the DLLCLK. However, 
embodiment represented by FIG. 5, DLL 500 includes a 
model circuit 575, which is inserted in feedback path 175. 
Model circuit 575 has a delay. Thus, in FIG. 5, the CLKFB 
signal is not the same as the DLLCLK signal; it is a delayed 
version of the DLLCLK signal. In some applications, model 
circuit 575 is a replica or a model of another circuit, which 
is located inside or outside DLL 500. In some other appli 
cations, model circuit 575 is a replica or a model of circuits, 
which are located inside and outside DLL 500. 

0053 FIG. 6 is a block diagram of a memory device 600 
according to an embodiment of the invention. Memory 
device 600 includes a plurality of memory cells 602 
arranged in rows and columns. Row decode circuit 604 and 
column decode circuit 606 access the rows and columns in 
response to an address, provided on a plurality of address 
lines or bus 608. Data is transferred to and from memory 
device 600 through data lines or bus 610. A command 
decode circuit 616 controls data communication to and from 
memory device 600, via input circuit 620 and output circuit 
622 in response to input signals on control lines 614. 
Command decode circuit 616 receives the input signals on 
lines 614 to determine the modes of operation of memory 
device 600 such as a read, write, or test mode. The input 
signals on lines 614 include, but are not limited to, External 
Clock (XCLK), Row Access Strobe (RAS*), Column 
Access Strobe (CAS*), and Write Enable (WE*). 
0054. In addition, memory device 600 also includes a 
DLL 601. DLL 601 is similar to DLL 100 and DLL 500 
shown in FIGS. 1 and 5. During a memory operation such 
as a read operation, DLL 601 enables a data signal from 
memory cells 602 to be captured at output circuit 622 and 
output to data line 610. At data line 610 the data signal is 
synchronized with the XCLK signal. 
0.055 Memory device 600 of FIG. 6 can be a dynamic 
random access memory (DRAM) or other types of memory 
circuits such as SRAM (Static Random Access Memory) or 
Flash memories. Furthermore, the DRAM could be a syn 
chronous DRAM commonly referred to as SGRAM (Syn 
chronous Graphics Random Access Memory), SDRAM 
(Synchronous Dynamic Random Access Memory), SDRAM 
II, or DDR SDRAM (Double Data Rate SDRAM), as well 
as Synchlink or Rambus DRAMs. Those of ordinary skill in 
the art will readily recognize that memory device 600 of 
FIG. 6 is simplified to illustrate a memory device according 
to an embodiment of the present invention and is not 
intended to be a detailed description of all of the features of 
a memory device. 
0056 FIG. 7 is diagram showing in more detail a portion 
of memory device 600 of FIG. 6. In FIG. 7, memory cells 
702 and output circuit 722 are similar to memory cells 602 
and output circuit 622 of FIG. 6. DLL 701 of FIG. 7 is 
similar to DLL 500 of FIG. 5. For simplicity, DLL elements 
Such as the coarse and fine segment, the phase detector and 
the logic circuit shown in FIG. 5 are represented by block 
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703 in FIG. 7. In FIG. 7, model circuit 775 is identical to 
output circuit 722. In this arrangement, node 799 is con 
nected output circuit 722 to provide the DLLCLK signal. 
Node 799 is similar to node 199 of FIG. 5. Output circuit 
722 connects to memory cells 702 via line 706 to receive a 
data signal Din. Output circuit has an output connected to 
line 710 to generate an output data signal Dout. 
0057. In a read operation, the data signal Din read from 
memory cells 702 is transmitted to output circuit 722. The 
DLLCLK signal is used as a clock signal to capture the Din 
signal. Output circuit 722 passes the Din signal to line 710 
as the Dout signal. In the embodiment represented by FIG. 
7, since model circuit 775 is identical to output circuit 722, 
a delay of model circuit 775 is the same as a delay of output 
circuit 722. Thus when model circuit 775 and output circuit 
722 receive the same DLLCLK signal, the Dout and CLKFB 
signals are also the same. When DLL 701 is locked or when 
the XCLK and CLKFB signal are synchronized, the XCLK 
and Dout are also synchronized. 
0.058 FIG. 8 shows a system 800 according to an 
embodiment of the invention. System 800 includes a pro 
cessor 802 and a memory device 804. Memory device 804 
represents memory device 600 shown in FIG. 6. Processor 
802 can be a microprocessor, digital signal processor, 
embedded processor, microcontroller, or the like. Processor 
802 and memory device 804 communicate using address 
signals on lines 808, control signals on lines 810, and data 
signals on lines 806. 
0059 Memory device 804 includes a DLL 801. DLL 801 

is similar to DLL 100 and DLL 500 as shown in FIGS. 1 and 
5. During memory read operation, DLL 801 is used to 
captured an internal data signal. Such as the Din signal 
shown in FIG. 7. DLL 801 further generates an output data 
signal such as the Dout signal shown in FIG. 7. The Dout 
signal is synchronized with the XCLK signal. During the 
read operation, the Dout signal is sent to processor 802 via 
data lines 806. 

CONCLUSION 

0060 A novel delay locked loop (DLL) has been dis 
closed. The DLL generates an internal clock signal by 
delaying an external clock signal with a coarse delay and a 
fine delay. The coarse delay includes a number of coarse unit 
delays within a coarse delay range; the fine delay includes a 
number of fine unit delays within a fine delay range. A fine 
unit delay is Smaller than a coarse unit delay. To keep the 
external and internal clock signals synchronized, the DLL 
adjusts the fine delay then the coarse delay by increasing or 
decreasing the numbers of fine unit delays and coarse unit 
delays. The coarse delay is adjusted only when the fine delay 
is at a minimum or maximum delay of the fine delay range 
and an increase or decrease in delay is needed respectively. 
Since the fine unit delay is smaller than the coarse unit delay, 
adjusting the fine delay before adjusting the coarse delay 
reduces the chance of overshoot or undershoot a target delay. 
Therefore, the accuracy of the timing relationship between 
external and internal clock signals is improved. 
0061. In some embodiments, the DLL includes a coarse 
delay segment connected to a fine delay segment. The coarse 
delay segment applies a coarse delay to an external clock 
signal to generate a coarse delayed signal. The fine delay 
segment applies a fine delay to the coarse delayed signal to 
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generate an internal clock signal. The fine delay segment 
adjusts the fine delay based on shifting signals that are 
generated when the external and internal signals are not 
synchronized. The coarse delay adjusts the coarse delay 
based on the shifting signals and the fine delay applied to the 
coarse delay signal. 
0062. In other embodiments, a method of generating a 
clock signal is provided. The method includes delaying an 
external clock signal with a coarse delay to generate a coarse 
delayed signal. The coarse delayed signal is delayed by a 
fine delay to generate an internal clock signal. When the 
external and internal clock signals are not synchronized, 
shifting signals are generated. The method also includes 
adjusting the fine delay based on the shifting signals. The 
method further includes adjusting the coarse delay based on 
both the shifting signals and the fine delay. The coarse and 
fine delays are adjusted until the external and internal clock 
signals are synchronized. 
0063 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those 
of ordinary skill in the art that any arrangement which is 
calculated to achieve the same purpose may be substituted 
for the specific embodiment shown. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is intended that this invention be 
limited only by the claims and the equivalents thereof. 

What is claimed is: 
1. A circuit comprising: 
a first delay segment for applying a first delay to a first 

clock signal to generate a first delayed signal; 
a second delay segment for applying a second delay to the 

first delayed signal to generate a second clock signal; 
a phase detector for providing a plurality of shifting 

signals based on the first and second clock signals; and 
a logic circuit for enabling the first delay segment to 

adjust the first delay based on the second delay and the 
shifting signals. 

2. The circuit of claim 1, wherein the first delay segment 
includes a delay line having an input node for receiving the 
first clock signal, and an output node for providing the first 
delayed signal. 

3. The circuit of claim 2, wherein the second delay 
segment includes: 

an input node coupled to the output node of the delay line 
of the first delay segment; 

a plurality of output nodes for providing a plurality of 
second delayed signals; 

at least one delay element coupled between the input node 
of the second delay segment and a first output node the 
plurality of output nodes; 

at least two delay elements coupled between the input 
node of the second delay segment and a second output 
node of the plurality of output nodes; and 

a multiplexor for selecting the second delayed signals to 
provide the second clock signal. 

4. The circuit of claim 3, wherein the second delay 
segment further includes a shift register having input nodes 
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coupled to output nodes of the phase detector, and output 
nodes coupled to select lines of the multiplexor. 

5. The circuit of claim 1, wherein the logic circuit 
includes: 

a first logic gate coupled between a first output node of the 
phase detector and the first delay segment; and 

a second logic gate coupled between a second output node 
of the phase detector and the first delay segment. 

6. A circuit comprising: 
a delay line for applying a first delay to a first clock signal 

to generate a first delayed signal; 
a plurality of delay paths for generating a plurality of 

second delayed signals based on the first delayed 
signal; 

a selector for selecting one of the second delayed signals 
based on a plurality of select signals to provide a 
second clock signal; 

a phase detector for comparing the first and second clock 
signals to provide a plurality of shifting signals; 

a shift register responsive to the shifting signals for 
providing the select signals; and 

a controller responsive to a combination of the select 
signals and the shifting signals to adjust the first delay. 

7. The circuit of claim 6, wherein the delay line includes 
an input node, and a plurality of delay stages, each of the 
delay stages including an input node coupled to the input 
node of the delay line, wherein one of the delay stages 
includes an output node to provide the first delayed signal. 

8. The circuit of claim 7, wherein the plurality of delay 
paths includes a common input node coupled to an output 
node of the delay line, and wherein the delay paths have 
different number of delay elements. 

9. The circuit of claim 8, wherein each of the delay stages 
of the delay line has a greater delay time than each of the 
delay elements of the delay paths. 

10. The circuit of claim 6, wherein the shift register 
includes a plurality of register cells, each of the register cells 
including an output node for providing one of the select 
signals. 

11. The circuit of claim 10, wherein the controller is 
configured to adjust the first delay in a first direction based 
on a first logical combination of a first select signal of the 
plurality of select signals and a first shifting signal of the 
plurality of shifting signals, and wherein the controller is 
configured to adjust the first delay in a second direction 
based on a second logical combination of a second select 
signal of the plurality of select signals and a second shifting 
signal of the plurality of shifting signals. 

12. A memory device comprising: 

a plurality of memory cells; 

an output circuit coupled to the dynamic random access 
memory cells; and 

a delay locked loop coupled to the output circuit, the delay 
locked loop including, 

a first delay segment for applying a first delay to a first 
clock signal to generate a first delayed signal; 
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a phase detector for providing a plurality of shifting 
signals based on the first clock signal and a second 
clock signal; 

a second delay segment for applying a second delay to 
the first delayed signal based on the shifting signals 
to generate the second clock signal; and 

a logic circuit for enabling the first delay segment to 
adjust the first delay based on the second delay and 
the shifting signals. 

13. The memory device of claim 12, wherein the logic 
circuit includes: 

a first logic gate coupled between a first output node of the 
phase detector and the first delay segment; and 

a second logic gate coupled between a second output node 
of the phase detector and the first delay segment. 

14. The memory device of claim 13, wherein the first 
delay segment includes an input node for receiving the first 
clock signal, an output node for providing the first delayed 
signal, and a plurality of delay stages having a common 
input node coupled to the input node of the first delay 
Segment. 

15. The memory device of claim 14, wherein the second 
delay segment includes: 

an input node coupled to the output node of the delay line 
of the first delay segment; 

a plurality of output nodes for providing a plurality of 
second delayed signals; 

a first delay path having a first delay time and coupled 
between the input node of the second delay segment 
and a first output node the plurality of output nodes; 

a second delay path having a second delay time and 
coupled between the input node of the second delay 
segment and a second output node of the plurality of 
output nodes; and 

a selector for selecting the second delayed signals to 
provide the second clock signal. 

16. The memory device of claim 15, wherein the second 
delay segment further includes a shift register having input 
nodes coupled to output nodes of the phase detector, and 
output nodes coupled to select lines of the multiplexor. 

17. A system comprising: 
a processor; and 
a dynamic random access memory device coupled to the 

processor and including, 
a plurality of memory cells; 
an output circuit coupled to the memory cells; and 
a delay locked loop coupled to the output circuit, the 

delay locked loop including, 
a first delay segment for applying a first delay to a 

first clock signal to generate a first delayed signal; 
a phase detector for providing shifting signals based 

on the first clock signal and a second clock signal; 
a second delay segment for applying a second delay 

to the first delayed signal based on the shifting 
signals to generate the second clock signal; and 
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a logic circuit for enabling the first delay segment to 
adjust the first delay based on the second delay 
and the shifting signals. 

18. The system of claim 17, wherein the second delay 
segment includes: 

a plurality of delay paths for delaying the first delayed 
signal to provide a plurality of second delayed signals; 

a selector for selecting the second delayed signals to 
provide the second clock signal; and 

a shift register for providing select signals to the selector 
for selecting the second delayed signals. 

19. The system of claim 18, wherein the logic circuit 
includes: 

a first logic gate coupled between a first output node of the 
phase detector and the first delay segment; and 

a second logic gate coupled between a second output node 
of the phase detector and the first delay segment. 

20. The system of claim 19, wherein the first delay 
segment includes an input node for receiving the first clock 
signal, an output node for providing the first delayed signal, 
and a plurality of delay stages having a common input node 
coupled to the input node of the first delay segment. 

21. A method comprising: 
applying a first delay to a first clock signal to generate a 

first delayed signal; 
applying a second delay to the first delayed signal to 

generate a second clock signal; 
generating a plurality of shifting signals based on the first 

and second clock signals; 
adjusting the second delay based on the shifting signals; 

and 

adjusting the first delay based on the shifting signals and 
the second delay. 

22. The method of claim 21, wherein adjusting the second 
delay includes increasing the second delay when a first 
shifting signal of the plurality of shifting signals is activated. 

23. The method of claim 22, wherein adjusting the second 
delay includes decreasing the second delay when a second 
shifting signal of the plurality of shifting signals is activated. 

24. The method of claim 23, wherein adjusting the first 
delay includes increasing the first delay when the second 
delay reaches a first value within a delay range. 

25. The method of claim 24, wherein adjusting the first 
delay includes decreasing the first delay when the second 
delay reaches a second delay value within the delay range. 
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26. A method comprising: 
applying a first delay to a first clock signal to generate a 

first delayed signal; 
generating a plurality of second delayed signals based on 

the first delayed signal; 
selecting one of the second delayed signals based on a 

plurality of select signals to provide a second clock 
signal; 

comparing the first and second clock signals to provide a 
plurality of shifting signals; 

generating the select signals based on the shifting signals; 
and 

adjusting the first delay based on the select signals and the 
shifting signals. 

27. The method of claim 26, wherein adjusting the first 
delay includes: 

increasing the first delay based on a first combination of 
the select signals and the shifting signals; and 

decreasing the first delay based on second first combina 
tion of the select signals and the shifting signals. 

28. The method of claim 26, wherein generating the 
second delayed signals includes: 

propagating the first delayed signal through a first delay 
path; and 

propagating the first delayed signal through a second 
delay path. 

29. The method of claim 28, wherein generating the select 
signals includes: 

shifting a content of a shift register in a first direction in 
response to an activation of a first shifting signal of the 
plurality of shifting signals; and 

shifting the content of the shift register in a second 
direction in response to an activation of a second 
shifting signal of the plurality of the shifting signals. 

30. The method of claim 29, wherein selecting one of the 
second delayed signals includes: 

selecting a first one of the second delayed signals when 
the content of the shift register is shifted in the first 
direction; and 

selecting a second one of the second delayed signals when 
the content of the shift register is shifted in the second 
direction. 


