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PHASE-LOCKED LOOP OR DELAY-LOCKED 
LOOP CIRCUITRY FOR PROGRAMMABLE 

LOGIC DEVICES 

[0001] This application claims the bene?t of provisional 
patent application No. 60/115,263, ?led Jan. 8, 1999. This 
application is a continuation of application Ser. No. 09/393, 
036, ?led Sep. 9, 1999. Both of the above-mentioned prior 
applications are hereby incorporated by reference herein in 
their entireties. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to programmable logic 
device integrated circuits, and more particularly to phase 
locked loop (“PLL”) or delay-locked loop (“DLL”) circuitry 
usable in the clock signal distribution netWorks of program 
mable logic device integrated circuits. 

[0003] It is knoWn to include PLL or DLL circuitry on 
programmable logic devices to help counteract “skeW” and 
excessive delay in clock signals propagating on the device 
(see, for eXample, Jefferson US. Pat. No. 5,699,020 and 
Reddy et al. US. Pat. No. 5,847,617, both of Which are 
hereby incorporated by reference herein in their entireties). 
For eXample, PLL or DLL circuitry may be used to produce 
a clock signal Which is advanced in time relative to a clock 
signal applied to the programmable logic device. The 
advanced clock signal is propagated to portions of the device 
that are relatively distant from the applied clock signal so 
that the propagation delay of the advanced clock signal 
brings it back into synchronism With the applied clock signal 
When it reaches the distant portions of the device. In this Way 
all portions of the device receive synchronous clock signals 
and clock signal “skeW” (different amounts of delay in 
different portions of the device) is reduced. 

[0004] It is noW conventional to include in PLL or DLL 
circuitry on a programmable logic device “lumped” circuit 
components that are intended to equal the distributed propa 
gation delay experienced by the clock signal being modi?ed 
by the PLL or DLL circuitry. HoWever, it can be dif?cult to 
accurately emulate distributed propagation delay With 
lumped or discrete circuit elements. The lumped circuit 
elements are usually disposed on the device in a relatively 
localiZed area. The clock netWork, on the other hand, 
eXtends throughout the device and therefore operates in a 
different electrical environment (e.g., due to coupling to and 
from adjacent circuit elements, loading, etc.) than is eXpe 
rienced by the lumped circuitry. Phenomena such as fabri 
cation process variations, temperature changes, and poWer 
supply voltage differences can affect lumped circuit com 
ponents and distributed circuit performance differently, 
making it dif?cult to accurately match distributed propaga 
tion delay With lumped circuit components. Scaling a circuit 
up or doWn (e.g., for fabrication using different technologies 
or to provide a family of products of different siZes (i.e., With 
different amounts of programmable logic)) may also have 
different effects on lumped and distributed circuit compo 
nents, and therefore reduce the desired accuracy of the PLL 
or DLL circuitry or necessitate a redesign of that circuitry. 

[0005] In vieW of the foregoing it is an object of this 
invention to provide improved PLL and DLL circuitry for 
programmable logic devices. 

[0006] It is a more particular object of this invention to 
provide PLL and DLL circuitry for programmable logic 
devices that more accurately emulates the distributed propa 
gation delay of the clock signal being manipulated by the 
PLL or DLL circuitry. 
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SUMMARY OF THE INVENTION 

[0007] These and other objects of the invention are accom 
plished in accordance With the principles of the invention by 
providing PLL or DLL circuitry on a programmable logic 
device in Which the feedback loop of the PLL or DLL is 
constructed to substantially parallel and duplicate at least a 
portion of the clock signal distribution netWork that receives 
the clock signal manipulated by the PLL or DLL. In this Way 
the feedback loop of the PLL or DLL is subject to substan 
tially the same distributed propagation delay effects as the 
clock signal distribution netWork receiving the clock signal 
modi?ed by the PLL or DLL. This increases the accuracy 
With Which the PLL or DLL circuitry emulates delay in the 
clock signal distribution netWork. Moreover, emulation 
accuracy is maintained despite variations due to fabrication 
process, temperature, poWer supply voltage, and even 
changes in circuit scale. 

[0008] The signal propagating in the above-described dis 
tributed feedback loop of the PLL or DLL circuitry may be 
slightly shifted in time (preferably by a programmably 
selectable amount) relative to the signal in the clock signal 
distribution netWork. In this Way one PLL or DLL can 
provide tWo different clock signals, each of Which has an 
accurate phase relationship to an input clock signal applied 
to the programmable logic device. One of these signals can 
be used to clock input, output, or input/output (generically 
“I/O”) registers of the programmable logic device. The other 
of these signals can be used as an output clock signal of the 
programmable logic device. 

[0009] Further features of the invention, its nature and 
various advantages Will be more apparent from the accom 
panying draWings and the folloWing detailed description of 
the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a simpli?ed schematic block diagram of 
representative portions of an illustrative programmable logic 
integrated circuit device including an illustrative embodi 
ment of PLL or DLL circuitry in accordance With the 
invention. 

[0011] FIG. 2A is a more detailed, but still simpli?ed, 
schematic block diagram of an illustrative PLL embodiment 
of a portion of the circuitry shoWn in FIG. 1 in accordance 
With the invention. 

[0012] FIG. 2B is similar to FIG. 2A but for an illustrative 
DLL embodiment of a portion of the circuitry shoWn in FIG. 
1 in accordance With the invention. 

[0013] FIG. 3 is a simpli?ed schematic block diagram of 
an alternative embodiment of a portion of the circuitry 
shoWn in FIG. 1 in accordance With the invention. 

[0014] FIG. 4A is a more detailed, but still simpli?ed, 
schematic block diagram of an illustrative embodiment of a 
portion of the circuitry shoWn in FIG. 2A in accordance 
With the invention. 

[0015] FIG. 4B is similar to FIG. 4A but for an illustrative 
embodiment of a portion of the circuitry shoWn in FIG. 2B 
in accordance With the invention. 

[0016] FIG. 5 is a simpli?ed block diagram of an illus 
trative system employing a programmable logic device 
having PLL or DLL circuitry in accordance With the inven 
tion. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] Representative portions of an illustrative embodi 
ment of a programmable logic device 10 including PLL or 
DLL circuitry in accordance With this invention is shoWn in 
simpli?ed schematic block diagram form in FIG. 1. Device 
10 includes a plurality of regions 20 of programmable logic 
disposed on the device in a tWo-dimensional array of inter 
secting roWs and columns of such regions. Although such 
details are not essential to the present invention, examples of 
suitable constructions for regions 20 and other components 
of device 10 (other than the PLL or DLL circuitry of this 
invention) may be found in Jefferson et al. US. patent 
application Ser. No. 09/266,235, Which is hereby incorpo 
rated by reference herein in its entirety. For example, in 
addition to shoWing hoW regions 20 (called “super-regions 
20” in the Jefferson et al. reference) may be constructed, this 
reference also shoWs circuitry for programmably intercon 
necting the regions so that logic signals can be conveyed to, 
from, and betWeen the regions in a great many different 
Ways. The combination of logic regions 20 that are pro 
grammable to perform any of many different logic functions 
and interconnection circuitry that is programmable to route 
logic signals on the device in many different Ways makes 
device 10 an extremely ?exible programmable logic inte 
grated circuit. The above-mentioned Jefferson et al. refer 
ence is just one example of a source of suitable constructions 
for regions 20, circuitry for interconnecting those regions, 
and other components and circuitry that it is knoWn in the art 
to provide in a programmable logic device like device 10, 
and any other such circuitry can be used instead of the 
Jefferson et al. circuitry if desired. 

[0018] Each of regions 20 typically receives one or more 
clock-type signals from a netWork of clock signal distribut 
ing conductors 40 on the device. Regions 20 may use these 
signals to clock registers (e.g., ?ip-?ops) in the regions that 
are used to temporarily store logic signals or for other 
similar purposes. Device 10 also includes I/O registers 30 
(typically disposed around the outer periphery of the device) 
for conveying logic signals betWeen the logic circuitry of the 
device and circuitry external to the device. Each I/O register 
region 30 also typically receives one or more clock signals 
from clock signal distribution netWork 40 and uses those 
signals to clock I/O registers (e.g., ?ip-?ops) in that region. 

[0019] In the particular embodiment shoWn in FIG. 1, 
clock signal distribution netWork 40 has the capability to 
deliver four clock signals throughout device 10. Circuitry 
associated With each of regions 20 and 30 alloWs selection 
of one of these four clock signals for use by each component 
in the region 20/30 requiring such a signal. Network 40 
includes buffers or drivers (e.g., ampli?ers) 42 at strategic 
locations throughout the netWork to maintain the strength of 
the Widely distributed clock signals. Clock signal input 
terminals 50a-50a' are the ultimate sources of the clock 
signals (or at least the clock signal information) on clock 
signal distribution netWork 40. 

[0020] Also in the particular embodiment shoWn in FIG. 
1 clock signal distribution netWork 40 is disposed on device 
10 in a con?guration that is designed to reduce clock signal 
skeW (i.e., different amounts of clock signal delay in differ 
ent parts of the netWork, particularly at the locations on the 
netWork Where the clock signals are actually used by other 
components such as registers in regions 20 and 30). To 
accomplish this, netWork 40 is made so that it is substan 
tially symmetrical about both a central horiZontal axis of 
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device 10 and a central vertical axis of the device. Thus 
netWork 40 may be described as an H-tree netWork. The 
signals to be distributed via this netWork are fed to it close 
to the center of the main H shape of the netWork. 

[0021] Although skeW is thus reduced by the con?guration 
of netWork 40, there Will still be some delay betWeen any 
clock signal input via a terminal 50 and the point or points 
at Which that signal is ultimately utiliZed and/or output after 
passing through netWork 40. To eliminate such delay, phase 
locked loop (“PLL”) or delay-locked loop (“DLL”) circuitry 
60 is provided on device 10. For convenience herein PLL 
and DLL circuitry is sometimes referred to generically 
herein as PLL/DLL circuitry. In accordance With this inven 
tion, PLL/DLL circuitry 60 includes PLL/DLL circuit com 
ponents 70 (see FIGS. 2A and 2B, and subsequent discus 
sion, for more detail) and feedback loop circuitry 80 
distributed throughout device 10 so as to closely resemble 
and parallel a portion of clock signal distribution netWork 
40. Distributed feedback loop circuitry 80 is preferably 
placed closed to clock netWork 40 for best emulation, so that 
netWork 80 sees the same electrical environment as the 
adjacent portion of netWork 40. The design of netWork 80 
closely emulates netWork 40 in the length of conductors, the 
number and placement of drivers, and driver strengths. The 
purpose of PLL/DLL circuitry 60 is to produce an advanced 
clock signal Which is advanced in time (or phase) relative to 
an associated input clock signal 50a. If PLL/DLL circuitry 
60 is being used, the advanced clock signal is applied to 
clock signal distribution netWork 40 by programmable logic 
connector (“PLC”) 52a in lieu of input clock signal 50a. The 
amount of time by Which the advanced clock signal is 
advanced is preferably controlled to approximately equal the 
delay that the advanced clock signal Will experience in 
passing through netWork 40 in order to reach a given 
destination (e.g., the I/O register region 30 on the left and 
toWard the top in FIG. 1). In this Way, When the advanced 
clock signal reaches the above-mentioned destination, it Will 
again be synchroniZed With input clock signal 50a, as is 
generally desirable for overall synchroniZation and 
improved performance (e.g., higher speed operation) of 
Whatever larger system device 10 is part of. 

[0022] If PLL/DLL circuitry 60 is constructed using PLL 
technology, then an illustrative embodiment of suitable PLL 
circuit components 70 is shoWn in more detail in FIG. 2A. 
The ?rst of these components is phase/frequency detector 
(“PFD”) 72, Which receives input clock signal 50a and a 
feedback signal from distributed loop circuitry 80 and 
produces compensating charge-up or charge-doWn pulses to 
charge pump 73. For example, When the rising edge of input 
clock signal 50a leads that of feedback clock signal 80, an 
UP signal is generated and results in frequency increase in 
the feedback clock signal. Conversely, When the rising edge 
of input clock signal 50a lags that of feedback clock signal 
80, a DOWN signal is generated, causing frequency 
decrease in the feedback clock signal. The pulse Width of the 
UP/DOWN signal is proportional to the phase difference 
betWeen the input clock and the feedback clock. Charge 
pump 73 provides a transfer function for converting the UP 
and DOWN signals to an output voltage at a level betWeen 
VCC (the poWer supply voltage of device 10) and ground. 
The UP and DOWN signals sWitch an internal current source 
to deliver a charge to move the output voltage up or doWn 
during each clock cycle. 

[0023] The output signal of charge pump 73 is applied to 
loW-pass ?lter (“LPF”) 74, Which smoothes the applied 
signal and applies the resulting smoothed signal to voltage 
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controlled oscillator (“VCO”) 76. VCO 76 responds to the 
output signal of charge pump 73 (as ?ltered by LPF 74) by 
producing an output signal (“advanced clock out”) having 
the frequency and phase (relative to input clock signal 50a) 
required to maintain synchronism betWeen the inputs 50a 
and 80 to PFD 72. As Will be seen, this means that the 
advanced clock output signal 40 of VCO 76 has the same 
frequency as input clock signal 50a and is advanced in phase 
relative to input clock signal 50a by an amount substantially 
equal to the time delay required for a signal 40 leaving VCO 
76 to propagate through netWork 40 to a predetermined 
destination (e.g., the above-mentioned I/O register region 30 
on the left and near the top of FIG. 1). An example of a 
suitable construction for VCO 76 is shoWn in FIG. 4A and 
described later in this speci?cation. 

[0024] In addition to its above-described output 40, VCO 
76 preferably has a plurality of other outputs that are applied 
to the input terminals of PLC 78. One of these other output 
signals may be the same as output 40. Others of these signals 
are preferably shifted in phase (i.e., delayed or advanced) 
relative to output 40. PLC 78 (e.g., a multiplexer) is pro 
grammable by programming associated function control 
element or elements (“FCE” or “FCEs”) 79 to select one of 
its inputs to provide its output signal. The output signal of 
PLC 78 is applied to distributed loop circuitry 80 as What 
may be called a pilot advanced clock signal. After passing 
through distributed loop circuitry 80 (see FIG. 1), that signal 
becomes one input to PFD 72 as described above. If PLC 78 
is programmed to select as its output signal a signal Which 
is substantially identical to output signal 40 of VCO 76, then 
the signal in all parts of distributed loop circuitry 80 Will be 
synchronized With the output signal of VCO 76 that is 
applied to netWork 40 and that has reached the adjacent 
portion of netWork 40. In other Words, at any point along 
parallel and adjacent netWorks 40 and 80, both signals 
emanating from PLL circuit components 70 Will be syn 
chroniZed With one another. Because distributed loop cir 
cuitry 80 substantially duplicates and parallels the portion of 
netWork 40 that leads to the I/O register region 30 on the left 
near the top in FIG. 1—Which I/O register region is also 
near the end-point of loop circuitry 80 at PLL circuit 
components 70—the signal in netWork 80 experiences sub 
stantially the same delay in returning to components 70 that 
the signal from components 70 experiences in reaching the 
above-mentioned I/O register region 30. The feedback sig 
nal from distributed loop circuitry 80 can therefore be used 
to cause PLL components 70 to advance the output signal of 
VCO 76 that is applied to netWork 40 by very nearly the 
exact amount required to keep that signal synchroniZed With 
clock input signal 50a When the netWork 40 signal reaches 
the above-mentioned I/O register region 30. 

[0025] If PLL/DLL circuitry 60 in FIG. 1 is alternatively 
constructed using DLL technology, then an illustrative 
embodiment of suitable DLL circuit components 70 is 
shoWn in more detail in FIG. 2B. The only difference 
betWeen the DLL circuitry shoWn in FIG. 2B and the PLL 
circuitry shoWn in FIG. 2A is that the DLL circuitry has a 
voltage controlled delay line (“VCDL”) 76‘ in place of VCO 
76 in the PLL circuitry. VCDL receives input clock signal 
50a and delays that signal by an amount determined by the 
voltage of the control signal output by LPF 74 to produce 
advanced clock output signal 40. As in the case of the PLL 
circuitry, VCDL 76‘ (augmented by PLC 78) also produces 
pilot advanced clock output signal 80 having a desired phase 
relationship to advanced clock output signal 40. Thus, as in 
the above-described PLL embodiment, pilot advanced clock 
output signal 80 may have the same phase as advanced clock 
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output signal 40, or the phase of signal 80 may lead or lag 
the phase of signal 40 by a desired amount. An example of 
a suitable construction for VCDL 76‘ is shoWn in FIG. 4B 
and described later in this speci?cation. Except for the 
differences described in this paragraph, the DLL embodi 
ment of FIG. 2B is constructed and operates in the circuitry 
of FIG. 1 exactly like the PLL embodiment of FIG. 2A. 

[0026] When it is said above that netWork 80 substantially 
duplicates and parallels a particular portion of netWork 40, 
it is meant that netWork 80 has approximately all the same 
path segments, drivers, and other circuit elements that the 
associated portion of netWork 40 has. For example, for each 
driver 42 in the associated portion of netWork 40 there is a 
corresponding driver 82 in netWork 80. In this Way signal 
propagation delay is distributed along netWork 80 in the 
same Way that it is distributed in the structurally similar and 
substantially parallel portion of netWork 40. It has been 
found that this use of distributed delay is advantageous as 
compared to using discrete circuit components in the feed 
back loop of the PLL/DLL circuitry to attempt to match the 
propagation delay characteristics of the device. Among the 
advantages of using distributed delay in the manner shoWn 
and described herein is that both netWorks 40 and 80 see the 
same electrical environment. In addition, variations due to 
device fabrication process differences, temperature change, 
or poWer supply voltage change tend to have the same effect 
on both netWorks 40 and 80 so that delay in netWork 80 
alWays remains a close match for delay in netWork 40. 
Another advantage of using the above-described distributed 
delay is that changes in scale of the device (either due to a 
change in fabrication technology or due to the capacity of 
the device being made larger or smaller by the inclusion of 
more or less circuitry) does not require a redesign of the 
delay components of the PLL/DLL circuitry to match neW 
delay characteristics of the neW device. 

[0027] If it is desired at a distant location along netWork 40 
to have both an output clock signal and an I/O register 
clocking signal that are slightly different in phase (i.e., 
someWhat shifted in time relative to one another), then 
netWork 40 can provide the I/O register clocking signal and 
netWork 80 can be connected to a clock signal output 
terminal 90 adjacent to the associated I/O register 30 as 
shoWn in FIG. 3. PLC 78 (FIG. 2A or 2B) is programmed 
to select and apply to netWork 80 an output signal of VCO 
76 or VCDL 76‘ having a desired phase shift relative to the 
VCO 76 or VCDL 76‘ output signal that is applied to 
netWork 40 so that the signals applied to I/O register 30 and 
clock out terminal 90 in FIG. 3 have the desired phase 
relationship to one another. For example, it may be desired 
to have the clock out signal at terminal 90 synchroniZed With 
the clock in signal applied to terminal 50a, and to have the 
clock signal applied to I/O register 30 in FIG. 3 slightly 
advanced relative to those other clock signals (e.g., so that 
data Will be latched into the I/ O registers and therefore ready 
for output When the clock out signal is applied to terminal 
90). PLC 78 can be controlled to select an output of VCO 76 
or VCDL 76‘ Which has a suitable delay relative to the signal 
applied to netWork 40. This Will cause I/O register 30 in 
FIG. 3 to be clocked by that amount of time prior to the 
clocking of clock out terminal 90. PFD 72 receives the 
signals at terminals 50a and 90 and the PLL/DLL circuitry 
therefore maintains synchronism betWeen those signals. The 
single PLL/DLL circuit associated With terminals 50a and 
90 therefore effectively provides tWo clock signals With a 
predetermined phase relationship at a location on device 10 
such as the vicinity of clock out terminal 90. 
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[0028] FIG. 4A shows an illustrative embodiment of VCO 
76 in FIG. 2A in more detail. Much of FIG. 4A is similar 
to FIG. 5 in above-mentioned Reddy et al. U.S. Pat. No. 
5,847,617, and so the discussion of FIG. 4A herein can be 
somewhat abbreviated. Each of inverters 100 and the asso 
ciated following transistor 102 and capacitor 104 introduces 
delay into a signal recirculating in the closed loop that 
includes serially connected inverters 100 and PLC (e.g., a 
multiplexer) 110. The direction of signal circulation in this 
loop is indicated by the arroW 112. A“coarse” adjustment of 
the frequency of signal circulation in this loop can be made 
by programming memory (FCEs) 114 to control PLC 110 to 
include all or any of several subsets of inverters 100 in the 
loop. “Fine” adjustments of the frequency of signal circu 
lation in the loop are made automatically by the level of the 
control signal output by LPF 74 (as shoWn in FIG. 2A), 
Which controls the voltage applied to the bases of transistors 
102. Accordingly, this voltage determines the amount by 
Which each capacitor 104 loads the connection from each 
inverter 100 to the next inverter, thereby adjusting the delay 
associated With each inverter stage. The output of PLC 110 
is applied to netWork 40 via inverter 42. 

[0029] As shoWn in FIG. 4A, the signals applied to PLC 
78 (see also FIG. 2A) may be taken from various points 
along the chain of inverters 100. For example, one PLC 78 
input may be the output signal of PLC 110. Other PLC 78 
inputs may be spaced doWnstream from that point along the 
chain of inverters 100, the spacing being by even numbers 
of inverter stages so that all inputs to PLC 78 have the same 
basic polarity. As described above in connection With FIG. 
2A, PLC 78 is programmable by FCEs 79 to select one of 
its inputs as its output. The output of PLC 78 is applied to 
netWork 80 via inverter 122, Which is provided in FIG. 4A 
to match inverter 120. From FIG. 4A it Will be seen hoW the 
signal on netWork 80 can be selected to be either the same 
as the signal on netWork 40 or delayed by various amounts 
relative to the signal on netWork 40. If it Were desired to 
provide the capability for signal 80 to be advanced relative 
to signal 40, PLC 78 could have alternative or additional 
inputs closer to the doWnstream end of the chain of inverters 
100. 

[0030] FIG. 4B shoWs an illustrative embodiment of 
VCDL 76‘ in FIG. 2B in more detail. Much of FIG. 4B is 
similar to FIG. 4A, and the same reference numbers are used 
for similar elements in both of these FIGS. It Will therefore 
not be necessary to describe these similar elements again in 
full detail in relation to FIG. 4B. Clock input signal 50a is 
delayed by passing through successive inverter stages 100/ 
102/104. The amount of delay produced by each inverter 
stage is controlled by the voltage of the voltage control 
signal from LPF 74 (FIG. 2B) applied to the bases of 
transistors 102. Elements 110/114 make a programmable 
“coarse” selection of the delay for the signal applied to clock 
distribution netWork 40 via driver 120. The maximum 
alloWed delay should be approximately one period of input 
clock signal 50a. The signal applied to netWork 80 can be 
programmably selected by elements 78 and 79 to be the 
same as the signal applied to netWork 40 or to have a phase 
Which leads or lags the phase of the signal applied to 
netWork 40. Although VCDL 76‘ is only capable of delaying 
the input clock signal 50a applied to it, output signals 40 and 
80 are considered “advanced” relative to signal 50a by 
virtue of comparing the phase of a signal 50a pulse With the 
phase of the signal 40 or 80 pulse that VCDL 76‘ produces 
in response to the preceding pulse in signal 50a. 

[0031] From the foregoing it Will be seen that, among 
other possible operating modes, this invention makes it 
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possible to operate device 10 With a parameter Tco (time 
from clock input pin to registered data output pin) equal to 
Zero (e.g., 0 nanoseconds). The user of device 10 Will 
therefore see 0 ns buffer delay from pin to pin. The PLL/ 
DLL circuitry internally adjusts the clock phase ahead of the 
clock input pin, equal to the internal clock-to-output delay, 
so that the pin-to-pin delay is 0 ns. Device 10 can be 
constructed to support various I/O standards, including 
LVTTL 1.8 V/2.5 V/3.3 V, GTL+, SSTLi3, and LVDS. (See 
Veenstra et al. U.S. patent application Ser. No. 09/366,938, 
?led Aug. 4, 1999 and Yeung et al. US. patent application 
Ser. No. 09/366,937, ?led Aug. 4, 1999 for additional details 
regarding preferred Ways in Which devices like device 10 
can be constructed to support various I/O standards. Both of 
these references are hereby incorporated by reference herein 
in their entireties.) The user can program the pins to select 
the desired I/O standard and achieve Zero delay using this 
invention. The combination of a balanced H-shaped clock 
tree netWork 40 and the PLL/DLL circuitry 60 shoWn herein 
facilitates Zero delay buffer operation of device 10. The 
clock skeW betWeen any tWo data output pins is negligible. 
This enables a relatively simple and loW cost PLL/DLL 
design to adjust the clock phase by an accurate feedback 
netWork to achieve the Zero delay buffer. Different I/O 
standards have different speeds. But the PLL/DLL circuitry 
shoWn herein includes automatic and programmable com 
pensation that enables it to conform to the various I/O 
standard speed differences. 

[0032] FIG. 5 illustrates a programmable logic device 10 
of this invention in a data processing system 202. Data 
processing system 202 may include one or more of the 
folloWing components: a processor 204; memory 206; I/O 
circuitry 208; and peripheral devices 210. These compo 
nents are coupled together by a system bus 220 and are 
populated on a circuit board 230 Which is contained in an 
end-user system 240. 

[0033] System 202 can be used in a Wide variety of 
applications, such as computer netWorking, data netWorking, 
instrumentation, video processing, digital signal processing, 
or any other application Where the advantage of using 
programmable or reprogrammable logic is desirable. Pro 
grammable logic device 10 can be used to perform a variety 
of different logic functions. For example, programmable 
logic device 10 can be con?gured as a processor or control 
ler that Works in cooperation With processor 204. Program 
mable logic device 10 may also be used as an arbiter for 
arbitrating access to a shared resource in system 202. In yet 
another example, programmable logic device 10 can be 
con?gured as an interface betWeen processor 204 and one of 
the other components in system 202. It should be noted that 
system 202 is only exemplary, and that the true scope and 
spirit of the invention should be indicated by the folloWing 
claims. 

[0034] Various technologies can be used to implement 
programmable logic devices 10 having the PLL/DLL capa 
bilities of this invention, as Well as the various components 
of those devices (e.g., the above-described PLCs and the 
FCEs that control the PLCs). For example, each PLC can be 
a relatively simple programmable connector such as a sWitch 
or a plurality of sWitches for connecting any one of several 
inputs to an output. Alternatively, each PLC can be a 
someWhat more complex element Which is capable of per 
forming logic (e.g., by logically combining several of its 
inputs) as Well as making a connection. In the latter case, for 
example, each PLC can be product term logic, implementing 
functions such as AND, NAND, OR, or NOR. Examples of 
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components suitable for implementing PLCs are EPROMs, 
EEPROMs, pass transistors, transmission gates, antifuses, 
laser fuses, metal optional links, etc. As has been mentioned, 
the various components of PLCs can be controlled by 
various, programmable, function control elements 
(“FCEs”). (With certain PLC implementations (e.g., fuses 
and metal optional links) separate FCE devices are not 
required.) FCEs can also be implemented in any of several 
different Ways. For eXample, FCEs can be SRAMs, DRAMs, 
?rst-in ?rst-out (“FIFO”) memories, EPROMs, EEPROMs, 
function control registers (e.g., as in Wahlstrom US. Pat. 
No. 3,473,160), ferro-electric memories, fuses, antifuses, or 
the like. From the various eXamples mentioned above it Will 
be seen that this invention is applicable to both one-time 
only programmable and reprogrammable devices. 

[0035] It Will be understood that the foregoing is only 
illustrative of the principles of the invention, and that 
various modi?cations can be made by those skilled in the art 
Without departing from the scope and spirit of the invention. 
For eXample, PLL/DLL circuitry 60 similar to that shoWn 
and described herein can be provided for each of any number 
of clock input pins (e.g., SOa-a) on a programmable logic 
device. 

The invention claimed is: 
1. A programmable logic device comprising: 

PLL/DLL circuitry con?gured to receive an input clock 
signal and to produce modi?ed and pilot clock signals 
Which are variably shifted in phase relative to the input 
clock signal; 

a clock signal distribution network con?gured to distrib 
ute the modi?ed clock signal to circuitry on the pro 
grammable logic device that makes use of the modi?ed 
clock signal; and 

feedback loop circuitry con?gured to substantially paral 
lel and duplicate a portion of the clock signal distribu 
tion netWork and to convey the pilot signal back to the 
PLL/DLL circuitry for use in determining a phase shift 
of the modi?ed clock signal relative to the input clock 
signal. 

2. The device de?ned in claim 1 Wherein the PLL/DLL 
circuitry comprises: 

programmable circuitry con?gured to programmably 
select for the pilot signal any one of a plurality of 
different phase relationships to the modi?ed clock 
signal. 

3. The device de?ned in claim 1 further comprising: 

programmable circuitry con?gured to programmably 
apply the input clock signal to the clock signal distri 
bution netWork in lieu of the modi?ed clock signal. 

4. The device de?ned in claim 1 Wherein the circuitry on 
the programmable logic device that makes use of the modi 
?ed clock signal comprises a plurality of regions of pro 
grammable logic. 

5. The device de?ned in claim 1 Wherein the circuitry on 
the programmable logic device that makes use of the modi 
?ed clock signal comprises a plurality of I/O register 
regions. 

Apr. 26, 2001 

6. The device de?ned in claim 1 further comprising: 

a clock signal output terminal connected to the feedback 
loop circuitry and con?gured to output the pilot clock 
signal to circuitry external to the device. 

7. The device de?ned in claim 6 Wherein the circuitry on 
the programmable logic device that makes use of the modi 
?ed clock signal comprises I/O register circuitry disposed 
adjacent to the clock signal output terminal. 

8. The device de?ned in claim 1 Wherein the PLL/DLL 
circuitry is PLL circuitry comprising: 

phase/frequency detector circuitry con?gured to produce 
output signals indicative of a phase difference betWeen 
the input clock signal and the pilot clock signal from 
the feedback loop circuitry; 

charge pump circuitry con?gured to respond to the output 
signals of the phase/frequency detector circuitry by 
producing an output voltage indicative of the phase 
difference; and 

voltage controlled oscillator circuitry con?gured to pro 
duce the modi?ed clock signal With a frequency Which 
is a function of the output voltage. 

9. The device de?ned in claim 1 Wherein the PLL/DLL 
circuitry is DLL circuitry comprising: 

phase/frequency detector circuitry con?gured to produce 
output signals indicative of a phase difference betWeen 
the input clock signal and the pilot clock signal from 
the feedback loop circuitry; 

charge pump circuitry con?gured to respond to the output 
signals of the phase/frequency detector circuitry by 
producing an output voltage indicative of the phase 
difference; and 

voltage controlled delay line circuitry con?gured to pro 
duce the modi?ed clock signal by delaying the input 
clock signal by an amount Which is a function of the 
output voltage. 

10. A digital processing system comprising: 

processing circuitry; 

a memory coupled to said processing circuitry; and 

a programmable logic device as de?ned in claim 1 
coupled to the processing circuitry and the memory. 

11. A printed circuit board on Which is mounted a pro 
grammable logic device as de?ned in claim 1. 

12. The printed circuit board de?ned in claim 11 further 
comprising: 

a memory mounted on the printed circuit board and 
coupled to the programmable logic device. 

13. The printed circuit board de?ned in claim 11 further 
comprising: 

processing circuitry mounted on the printed circuit board 
and coupled to the programmable logic device. 

* * * * * 


