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out, and fabricating the signal conductors (e.g., 405, 720) so 
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HIGH-PERFORMANCE INTERCONNECT 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/235,371, ?led Jan. 20, 1999, Which 
claims the bene?t of US. provisional application No. 
60/072,003, ?led Jan. 21, 1998, Which are incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the ?eld of inte 
grated circuits. More speci?cally, the present invention 
provides techniques and circuitry for reducing parasitics, 
crosstalk, noise, and other similar properties When propa 
gating signals on the interconnect lines of an integrated 
circuit, Which Will improve the performance and reliability 
of the integrated circuit. 

[0003] In an electronic circuit, such as a integrated circuit 
or printed circuit board, there are many interconnections 
betWeen the various circuits and devices. These intercon 
nections or interconnect lines may be made using Wires, 
conductive interconnect layers, metal lines, polysilicon 
lines, polysilicide lines, and diffusion layers, just to name a 
feW. To alloW for ef?cient layout of the integrated circuits, 
interconnect lines are typically grouped together and run 
adjacent to another, or organiZed in a bus structure. 

[0004] Various types of integrated circuits, all of Which 
use interconnect lines, include microprocessors, static ran 
dom access memories (SRAMs), erasable-programmable 
read only memories (EPROMs), electrically erasable pro 
grammable read only memories (EEPROMs), Flash 
EEPROM memories, programmable logic devices (PLDs), 
?eld programmable gate arrays (FPGAs), application spe 
ci?c integrated circuits (ASICs), among others. 

[0005] In particular, PLDs are Well knoWn to those in the 
electronic art. Such programmable logic devices are com 
monly referred as PALs (Programmable Array Logic), PLAs 
(Programmable Logic Arrays), FPLAs, PLDs, EPLDs (Eras 
able Programmable Logic Devices), EEPLDs (Electrically 
Erasable Programmable Logic Devices), LCAs (Logic Cell 
Arrays), FPGAs (Field Programmable Gate Arrays), and the 
like. Such devices are used in a Wide array of applications 
Where it is desirable to program standard, off-the-shelf 
devices for a speci?c application. Such devices include, for 
eXample, the Well-knoWn, ClassicTM, and MAX® 5000, 
MAX® 7000, and FLEX® 8000, FLEX® 10K program 
mable integrated circuits made by Altera Corp. 

[0006] PLDs are generally knoWn in Which many logic 
array blocks (LABs) are provided in a tWo-dimensional 
array. LABs contain a number of individual programmable 
logic elements (LEs) Which provide relatively elementary 
logic functions such as NAND, NOR, and eXclusive OR. 
Further, PLDs have an array of intersecting signal conduc 
tors for programmably selecting and conducting logic sig 
nals to, from, and betWeen the LABs and LEs. As can be 
appreciated, many interconnect lines are used to facilitate 
the interconnections betWeen the various logical features. 
Interconnect are conductors on the integrated circuit Which 
are used to Wire and connect together the devices, gates, 
transistors, logical blocks, pads, and other components. As 
integrated circuits become larger and denser, there Will be 
greater numbers of interconnect lines per integrated circuit. 
It becomes increasingly important to improve the techniques 
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and architectures used for interconnecting the elements and 
routing signals betWeen the logic blocks. The performance 
of the integrated circuit depends in part on the performance 
of the signals through the interconnect lines. 

[0007] An eXample of one factor that reduces the perfor 
mance (and may also affect the functional reliability of the 
logical circuitry) of the interconnect is crosstalk or cross 
coupling betWeen the interconnect lines. In particular, 
crosstalk interference glitches Which may occur on rising 
and falling edges of the main signal are ampli?ed by the 
receiving buffer if these glitches are in the high gain region 
of that buffer. This effect may lead to double clocking, Which 
Would create logical errors in the function circuitry. Further, 
the performance of the interconnect lines may also be sloWer 
because of the increased propagation delay due to the 
crosstalk. 

[0008] These problems and concerns Will become more 
signi?cant as it becomes possible to fabricate denser inte 
grated circuits. With increased microminiaturiZation, inter 
connect Wires on the integrated circuit Will be closer 
together. According to Well-knoWn physics principles, a 
shorter distance betWeen the interconnect leads to an 
increase the capacitance betWeen the interconnect lines. An 
increased capacitance betWeen the interconnect lines 
increases the crosstalk or cross-coupling betWeen the inter 
connect lines. 

[0009] As can be seen, improved techniques and circuitry 
for interconnecting signal lines are needed, especially tech 
niques for improving interconnect lines and their use to 
provide improved performance and greater integrity and 
reliability. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides various techniques 
for improving the performance of interconnect lines and 
conductors on an integrated circuit. These techniques 
include arranging, laying out, and fabricating the signal 
conductors so the parasitic coupling capacitances are mini 
miZed and parasitic resistance is reduced. 

[0011] The interconnect may be implemented using mul 
tiple layers or levels of conductive material. Signal conduc 
tors may be interleaved With shielding conductors to reduce 
cross-coupling betWeen signal lines. Signal conductors are 
arranged and positioned to minimiZe the length at Which tWo 
signal conductors are run in parallel to another, and in 
relatively close proXimity. For eXample, signal conductors in 
a ?rst layer are not positioned on top of or beneath other 
signal conductors in a different layer. Conductors are Wid 
ened as possible to reduce resistance. 

[0012] The conductive material to implement the inter 
connect may include aluminum and copper conductors. LoW 
k dielectrics may be used betWeen the conductors to mini 
miZe parasitic capacitances. 

[0013] Further techniques to provide high-performance 
interconnect include line segmentation Where a signal line is 
divided into multiple line segments. BetWeen the line seg 
ments, there are unidirectional or bidirectional buffers to 
provide greater signal drive capability. 

[0014] Glitch ?ltering buffers may be used at the input to 
the logic circuits such as LABs and LEs. Cross-coupling 
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between the signal lines may produce glitches. Glitches may 
cause effects such as double clocking Which Would lead to 
functional errors. The glitch ?ltering buffers Would mini 
miZe the effects of these glitches, and ensure the logical 
functionality is not disturbed improperly. 

[0015] In an embodiment, the invention is an integrated 
circuit including a ?rst level of interconnect conductors 
having a ?rst signal conductor; and a second level of 
interconnect conductors having a second signal conductor 
and a shielding conductor, Where the second signal conduc 
tor is formed adjacent to the shielding conductor, and the 
shielding conductor is formed above the ?rst signal conduc 
tor. Furthermore, there may be a third signal conductor in the 
second level that is formed adjacent to the shielding con 
ductor. This third signal conductor Would not be directly 
above the ?rst signal conductor. 

[0016] In another embodiment, the invention is an inte 
grated circuit including a ?rst and second level of intercon 
nect conductors, Where the second level is formed above the 
?rst level. The interconnect conductors in the ?rst level are 
formed on top of interconnect conductors in the second 
level, Where shielding conductors in the second level are on 
top of signal conductors in the ?rst level, and signal con 
ductors in the second level are on top of shielding conduc 
tors in the ?rst level. 

[0017] In a further embodiment, the invention is an inte 
grated circuit including interconnect lines; logical circuits to 
receive signals via the interconnect lines; and a buffer, 
connected betWeen one of the interconnect lines and one of 
logical circuits. The buffer ?lters glitches in signals received 
from the interconnect lines. The glitch ?lter may include a 
?rst transistor and second transistor connected betWeen a 
?rst and second voltage supply, and a third transistor having 
a control electrode connected to a node betWeen the ?rst and 
second transistors. The third transistor is connected betWeen 
one of the voltage supplies and control electrodes of the ?rst 
and second transistors. 

[0018] In a still further embodiment of the present inven 
tion, the integrated circuit includes an interconnect line, 
divided into a number of segments connected in series, 
Where betWeen each segment is a bidirectional buffer With 
glitch ?ltering. The interconnect line may be formed using 
copper material to reduce resistance. 

[0019] In another aspect of the invention, the integrated 
circuit includes a ?rst layer having a ?rst space, a ?rst 
conductor, and a second space, formed adjacent another. 
There is a second layer, above or beloW the ?rst layer, having 
a second conductor, a third space, a third conductor, and a 
fourth space, formed adjacent another. The second conduc 
tor has a Width approximately equal to or less than a Width 
of the ?rst space, and a sum of Widths of the third space, 
third conductor, and fourth space is about equal to a Width 
of the ?rst conductor. 

[0020] In still another aspect, the integrated circuit 
includes a ?rst layer having a ?rst space, a ?rst conductor, 
a second space, a second conductor, and a third space, 
formed adjacent to another. There is a second layer, above or 
beloW the ?rst layer, comprising a third conductor, a fourth 
space, a fourth conductor, a ?fth space, and a ?fth conductor, 
formed adjacent to another, Where a Width of the third 
conductor is about equal to a Width of the ?rst space, and a 
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sum of the Widths of the fourth space and fourth conductor 
are about equal to a Width of the ?rst conductor. 

[0021] Other objects, features, and advantages of the 
present invention Will become apparent upon consideration 
of the folloWing detailed description and the accompanying 
draWings, in Which like reference designations represent like 
features throughout the ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs a block diagram of a digital system; 

[0023] FIG. 2 is a simpli?ed block diagram of an overall 
internal architecture and organiZation of a PLD; 

[0024] FIG. 3 shoWs a simpli?ed block diagram of LAB; 

[0025] FIG. 4 shoWs a cross-section of several intercon 
nect lines arranged in a single level; 

[0026] 
lines; 
[0027] FIG. 6 shoWs a timing diagram for loW-to-high 
signal transition having a glitch; 

[0028] FIG. 7 shoWs a cross-section of a layout of inter 
connect lines for minimiZing cross-coupling effects arranged 
in multiple levels; 

[0029] FIG. 8 shoWs a three-dimensional perspective of 
the arrangement of interconnect lines of FIG. 5; 

[0030] FIG. 9 shoWs a three-dimensional perspective of 
the arrangement of interconnect lines of FIG. 7; 

[0031] FIG. 10 shoWs a cross-section of interconnect lines 
in a multiple-level implementation With single shielding on 
multiple levels; 

FIG. 5 shoWs a top vieW of several interconnect 

[0032] FIG. 11 shoWs a cross-section of interconnect lines 
in a multiple-level implementation With double shielding on 
multiple levels; 

[0033] 
[0034] FIG. 13 shoWs an implementation of glitch ?lter 
ing for an interconnect line; 

[0035] FIG. 14 shoWs an implementation of a glitch 
?ltering buffer; 
[0036] FIG. 15 shoWs a further embodiment of a glitch 
?ltering buffer; and 

[0037] FIG. 16 shoWs another embodiment of a glitch 
?ltering buffer. 

FIG. 12 shoWs a segmented interconnect line; 

DETAILED DESCRIPTION 

[0038] FIG. 1 shoWs a block diagram of a digital system 
Within Which the present invention may be embodied. The 
system may be provided on a single board, on multiple 
boards, or even Within multiple enclosures. FIG. 1 illus 
trates a system 101 in Which a programmable logic device 
121 may be utiliZed. Programmable logic devices (some 
times referred to as a PALs, PLAs, FPLAs, PLDs, CPLDs, 
EPLDs, EEPLDs, LCAs, or FPGAs), are Well knoWn inte 
grated circuits that provide the advantages of ?Xed inte 
grated circuits With the ?exibility of custom integrated 
circuits. Such devices alloW a user to electrically program 
standard, off-the-shelf logic elements to meet a user’s spe 
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ci?c needs. See, for example, US. Pat. No. 4,617,479, 
Which is incorporated by reference for all purposes. Such 
devices are currently represented by, for example, Altera’s 
MAX® series of devices and FLEX® series of devices. The 
former are described in, for example, US. Pat. Nos. 5,241, 
224 and 4,871,930, and the Altera Data Book, June 1996, 
Which are all incorporated by reference in their entirety for 
all purposes. The latter are described in, for example, US. 
Pat. Nos. 5,258,668, 5,260,610, 5,260,611, and 5,436,575, 
and the Altera Data Book, June 1996, Which are all incor 
porated by reference in their entirety for all purposes. Logic 
devices and their operation are Well knoWn to those of skill 
in the art. 

[0039] In the particular embodiment of FIG. 1, a process 
ing unit 101 is coupled to a memory 105 and an I/O 111 and 
incorporates a programmable logic device (PLD) 121. PLD 
121 may be specially coupled to memory 105 through 
connection 131 and to I/O 111 through connection 135. The 
system may be a programmed digital computer system, 
digital signal processing system, specialiZed digital sWitch 
ing netWork, or other processing system. Moreover, such 
systems may be designed for a Wide variety of applications 
such as, merely by Way of example, telecommunications 
systems, automotive systems, control systems, consumer 
electronics, personal computers, and others. 

[0040] Processing unit 101 may direct data to an appro 
priate system component for processing or storage, execute 
a program stored in memory 105 or input using I/O 111, or 
other similar function. Processing unit 101 may be a central 
processing unit (CPU), microprocessor, ?oating point copro 
cessor, graphics coprocessor, hardWare controller, micro 
controller, programmable logic device programmed for use 
as a controller, or other processing unit. Furthermore, in 
many embodiments, there is often no need for a CPU. For 
example, instead of a CPU, one or more PLDs 121 may 
control the logical operations of the system. In some 
embodiments, processing unit 101 may even be a computer 
system. Memory 105 may be a random access memory 
(RAM), read only memory (ROM), ?xed or ?exible disk 
media, PC Card ?ash disk memory, tape, or any other 
storage retrieval means, or any combination of these storage 
retrieval means. PLD 121 may serve many different pur 
poses Within the system in FIG. 1. PLD 121 may be a logical 
building block of processing unit 101, supporting its internal 
and external operations. PLD 121 is programmed to imple 
ment the logical functions necessary to carry on its particular 
role in system operation. 

[0041] FIG. 2 is a simpli?ed block diagram of an overall 
internal architecture and organiZation of PLD 121 of FIG. 1. 
Many details of PLD architecture, organiZation, and circuit 
design are not necessary for an understanding of the present 
invention and such details are not shoWn in FIG. 2. 

[0042] FIG. 2 shoWs a six-by-six tWo-dimensional array 
of thirty-six logic array blocks (LABs) 200. LAB 200 is a 
physically grouped set of logical resources that is con?gured 
or programmed to perform logical functions. The internal 
architecture of a LAB Will be described in more detail beloW 
in connection With FIG. 3. PLDs may contain any arbitrary 
number of LABs, more or less than shoWn in PLD 121 of 
FIG. 2. Generally, in the future, as technology advances and 
improves, programmable logic devices With greater numbers 
of logic array blocks Will undoubtedly be created. Further 
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more, LABs 200 need not be organiZed in a square matrix or 
array; for example, the array may be organiZed in a ?ve 
by-seven or a tWenty-by-seventy matrix of LABs. 

[0043] LAB 200 has inputs and outputs (not shoWn) Which 
may or may not be programmably connected to a global 
interconnect structure, comprising an array of global hori 
Zontal interconnects (GHs) 210 and global vertical intercon 
nects (GVs) 220. Although shoWn as single lines in FIG. 2, 
each GH 210 and GV 220 line may represent a plurality of 
signal conductors. The inputs and outputs of LAB 200 are 
programmably connectable to an adjacent GH 210 and an 
adjacent GV 220. UtiliZing GH 210 and GV 220 intercon 
nects, multiple LABs 200 may be connected and combined 
to implement larger, more complex logic functions than can 
be realiZed using a single LAB 200. 

[0044] In one embodiment, GH 210 and GV 220 conduc 
tors may or may not be programmably connectable at 
intersections 225 of these conductors. Moreover, GH 210 
and GV 220 conductors may make multiple connections to 
other GH 210 and GV 220 conductors. Various GH 210 and 
GV 220 conductors may be programmably connected 
together to create a signal path from a LAB 200 at one 
location on PLD 121 to another LAB 200 at another location 
on PLD 121. A signal may pass through a plurality of 
intersections 225. Furthermore, an output signal from one 
LAB 200 can be directed into the inputs of one or more 
LABs 200. Also, using the global interconnect, signals from 
a LAB 200 can be fed back into the same LAB 200. In 
speci?c embodiments of the present invention, only selected 
GH 210 conductors are programmably connectable to a 
selection of GV 220 conductors. Furthermore, in still further 
embodiments, GH 210 and GV 220 conductors may be 
speci?cally used for passing signal in a speci?c direction, 
such as input or output, but not both. 

[0045] The PLD architecture in FIG. 2 further shoWs at 
the peripheries of the chip, input-output drivers 230. Input 
output drivers 230 are for interfacing the PLD to external, 
off-chip circuitry. FIG. 2 shoWs thirty-tWo input-output 
drivers 230; hoWever, a PLD may contain any number of 
input-output drivers, more or less than the number depicted. 
Each input-output driver 230 is con?gurable for use as an 
input driver, output driver, or bidirectional driver. 

[0046] FIG. 3 shoWs a simpli?ed block diagram of LAB 
200 of FIG. 2. LAB 200 is comprised of a varying number 
of logic elements (LEs) 300, sometimes referred to as “logic 
cells,” and a local (or internal) interconnect structure 310. 
LAB 200 has eight LEs 300, but LAB 200 may have any 
number of LEs, more or less than eight. 

[0047] A general overvieW of LE 300 is presented here, 
suf?cient to provide a basic understanding of the present 
invention. LE 300 is the smallest logical building block of 
a PLD. Signals external to the LAB, such as from GHs 210 
and GVs 220, are programmably connected to LE 300 
through local interconnect structure 310. In one embodi 
ment, LE 300 of the present invention incorporates a func 
tion generator such as a look-up table that is con?gurable to 
provide a logical function of a number of variables, such a 
four-variable Boolean operation. As Well as combinatorial 
functions, LE 300 also provides support for sequential and 
registered functions using, for example, D ?ip-?ops. 

[0048] LE 300 provides combinatorial and registered out 
puts that are connectable to the GHs 210 and GVs 220, 
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outside LAB 200. Furthermore, the outputs from LE 300 
may be internally fed back into local interconnect structure 
310; through local interconnect structure 310, an output 
from one LE 300 may be programmably connected to the 
inputs of other LEs 300, Without using the global intercon 
nect structure’s GHs 210 and GVs 220. Local interconnect 
structure 310 alloWs short-distance interconnection of LEs, 
Without utiliZing the limited global resources, GHs 210 and 
GVs 220. 

[0049] The signals on an integrated circuit such as a PLD 
are propagated and connected using interconnect. For 
example, in a PLD, the GVs, GHs, local interconnect, and 
other signal routings are implemented using such intercon 
nect. Interconnect lines are typically fabricated using alu 
minum conductors, although interconnect may also be fab 
ricated using polysilicon, polysilicide, and diffusion, just to 
name a feW examples. 

[0050] FIG. 4 shoWs a front cross-section of interconnect 
lines 405, 410, 415, and 420 run in metal-3 on an integrated 
circuit. The interconnect links are formed on a substrate such 
as silicon or SOI. In FIG. 4, the conductors are used to run 

GH lines, such as on a PLD; hoWever, FIG. 4 is also 
representative of typical interconnect lines on the integrated 
circuit used to conduct any electrical signals. Although only 
four lines are shoWn, it is understood that integrated circuits 
have many interconnect lines and conductors. For eXample, 
a typical PLD may have 10,000 or more interconnect lines. 
Interconnect lines may also be run in other layers of metal 
including metal-1, metal-2, metal-4, metal-5, and so forth, 
depending on availability in the particular process technol 

[0051] A typical thickness 440 for the conductors used to 
implement interconnect lines is about 9250 Angstroms. A 
typical pitch 445 for tWo lines is about 3.1 microns. Atypical 
Width for the conductors is about 0.9 microns. A typical 
spacing betWeen conductors 405 and 410, and conductors 
415 and 420 is about 0.8 microns. A typical spacing betWeen 
conductors 410 and 415 is about 1.4 microns. The spacing 
betWeen conductors 410 and 415 is slightly Wider to alloW 
for the making of contacts for connections to either conduc 
tor 410 and 415. The dimensions stated in this speci?cation 
are for reference and comparison purposes only. It is under 
stood that eXact dimensions may vary since, for eXample, as 
process technologies improve, dimensions Will likely shrink. 

[0052] There is coupling capacitance betWeen the inter 
connect lines. For eXample, there is a coupling capacitance 
425 betWeen conductors 405 and 410. Conductor 415 has 
coupling capacitances 430 and 435. The capacitances 425, 
430, and 435 are parasitic capacitances. The speci?c values 
of these capacitances depends on the distance and dielectric 
material betWeen conductors. Further, these capacitances are 
distributed for the length of the conductor. 

[0053] The coupling capacitances are responsible for 
crosstalk and coupling of signals betWeen the lines. For 
eXample, a pulse signal on conductor 405 may be coupled 
through capacitance 425 onto conductor 410. The greater the 
value of the capacitance, the greater the coupling is betWeen 
the conductors. To minimiZe crosstalk noise, the values of 
the parasitic coupling capacitors should be minimiZed. 

[0054] FIG. 5 shoWs a top vieW of the four GH intercon 
nect lines. Interconnect lines on the integrated circuit may be 
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of any length. The interconnect lines may be run long 
distances, possibly the entire length of the integrated circuit 
or “snaked” throughout the integrated circuit. As shoWn in 
FIG. 5, interconnect lines form a distributed RC netWork. R 
is the resistance distributed for the length the conductor. The 
capacitances C include the parasitic coupling capacitances 
CC discussed above and distributed parasitic capacitances to 
ground CGND. 
[0055] There is an RC propagation delay When passing 
signals through the RC netWork. This delay is given by: 

R*(CC+CGND). (1) 
[0056] Furthermore, there may be a delay push-out from 
crosstalk noise due to the parasitic capacitances Which is 
proportional to: 

Cd(CGND+Cc)- (2) 
[0057] The delay push-out may result from a delay in the 
edge transition time or a disruption or glitch in the edge 
transition. For eXample, FIG. 6 shoWs a loW-to-high tran 
sition With a glitch 610. A similar glitch as shoWn in FIG. 
6 Would also occur on a high-to-loW transition. Glitch 610 
negatively affects the transient performance of the circuitry 
by stretching out the rise time. Further, glitch 610 may also 
cause functional errors such as double clocking, Which 
Would be undesirable. Therefore, the performance of an 
integrated circuit is determined in part by the performance 
characteristics of the interconnect. 

[0058] As can be seen from the above equation, the delay 
push-out may be minimiZed by reducing the coupling 
capacitance or increasing the capacitance to ground, or both. 
This Would reduce the above ratio for the delay push-out. 
HoWever, it is generally undesirable to increase the capaci 
tance to ground too much since this decreases performance 
(because CGND is still a component in the RC delay (see 
above equation (1) for RC delay). 

[0059] FIG. 7 shoWs a front cross-section of an arrange 
ment of interconnect lines With improved performance char 
acteristics. In the speci?c embodiment of FIG. 7, tWo layers 
of metal conductors are used. Conductors 705, 710, and 715 
are in a ?rst layer, and conductors 720, 725, 730, and 735 are 
in a second layer, above the ?rst layer. Both ?rst and second 
layers are formed on a semiconductor substrate such as 
silicon or 501. Furthermore an alternative embodiment may 
sWap the ?rst and second layers, Where the ?rst layer is 
above the second layer. It is understood this arrangement 
Would provide the same or similar crosstalk and noise 
reduction bene?ts. In this speci?c embodiment, conductors 
in the ?rst layer are run in metal-3 While conductors in the 
second layer are run in metal-4. In further embodiments of 
the present invention, there may be even more layers of 
metal, more than tWo, depending on the process technology 
used. The structure may involve three or more layers of 
conductors. For eXample, the structure may involve metal-3, 
metal-4, metal-5, and possibly other layers. Also, the layers 
may include metal-1 and metal-2, as Well as conductive 
layers other than metal. 

[0060] A typically thickness 738 of the conductors in the 
?rst level is about 5400 Angstroms. A typical thickness 740 
of the conductors in the second level is about 9250 Ang 
stroms. The ?rst layer of conductors is separated from the 
second layer of conductors by a distance 750 of about 
10,000 Angstroms. Apitch 745 for tWo lines is as indicated 
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in FIG. 7. This pitch is the same as that shown for FIG. 4, 
and can be used to compare the layout cross-sections in 
FIGS. 4 and 7. 

[0061] For comparison purposes, as compared to FIG. 4, 
a Width of signal conductors 720 and 730 in the second level 
is about 1.4 microns and shielding conductors 725 and 735 
are about 0.9 microns. A spacing betWeen signal conductor 
720 and shielding conductor 725 is about 0.85 microns. A 
Width of conductors 705, 710, and 715 in the ?rst level is 
about 2.4 microns, and a spacing betWeen these conductors 
is about 1.6 microns. 

[0062] In FIG. 7, conductors 705, 710, 715, 720 and 730 
are used to run GH lines or other signals. Conductors 725 
and 735 in the second level are used to run a ?xed voltage 
such as VSS or ground (i.e., a ground shield) or VCC, or 
another voltage. FIG. 7 shoWs the embodiment Where 
conductors 725 and 735 are ground shields. Conductors 725 
and 735 may be referred to as shielding conductors While 
conductors 705, 710, 715, 720, and 730 may be referred to 
as signal conductors. 

[0063] In the layout of the interconnect in FIG. 7, signal 
conductors are interleaved With shielding conductors mini 
miZe cross-coupling noise and provide greater performance. 
Speci?cally, as compared to the embodiment of FIG. 4, the 
parasitic coupling capacitance betWeen signal conductors is 
minimiZed. 

[0064] As an example, signal conductor 720 has a para 
sitic coupling capacitance to signal conductors 705 and 710. 
HoWever, the magnitude of these capacitances Would be less 
than those in FIG. 4 because the distance separating the 
signal conductors is greater for con?gurations in FIG. 7. In 
FIG. 4, the metal lines are spaced apart from one another at 
0.8 microns and 1.4 microns. In contrast, in FIG. 7, signal 
conductor 720 is separated from signal conductors 705 and 
710 in the ?rst layer by at least 10,000 Angstroms (or 1 
micron). Therefore, overall, the embodiment in FIG. 7 has 
less coupling capacitance. 

[0065] Moreover, signal conductor 720 is positioned so it 
runs above the spacing or gap betWeen signal conductors 
705 and 710. This minimiZes the area of any parasitic 
capacitance betWeen conductors 720 to 705 and conductors 
720 to 710, and further reduces the coupling capacitance. 

[0066] Ground shield 725 separates conductors 720 and 
730, and effectively cuts off any coupling capacitance 
betWeen the tWo conductors. Since conductor 720 runs 
adjacent to ground shield 725, this increases parasitic 
capacitance to ground, Which reduces the day push-out due 
to the relationship betWeen the parasitic capacitances to the 
performance of the interconnect discussed above. As can be 
seen from the equations, although a larger parasitic capaci 
tance to ground may increase the RC delay, a larger capaci 
tance to ground also Will reduces the delay push-out or 
crosstalk or cross-coupling noise. For comparison purposes, 
for example, the extra delay or delay push-out caused by 
cross-coupling noise for the layout in FIG. 4 may be about 
5 nanoseconds While for the layout in FIG. 70, the delay Will 
be about 1 nanosecond. Overall, the performance of inter 
connect Will improve because of the improved layout shoWn 
in FIG. 7. 

[0067] The parasitic coupling capacitances Will also be 
reduced for signal conductors in the ?rst level. For example, 
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the spacing separating conductors 705 and 710 is about 1.6 
microns. This is Wider than the spacing betWeen conductors 
in FIG. 4, Which is about 0.8 microns or 1.4 microns, 
depending on Which conductor. Thus, the arrangement in 
FIG. 7 reduces the coupling capacitance betWeen conduc 
tors 710 and 705. Also, since conductors 705 and 710 are not 
run beneath (or beloW) another signal conductor, this Will 
minimiZe the area of any coupling capacitance to signal 
conductors in the second level: Signal conductor 710 is 
separated from conductors 720 and 730 by at least 10,000 
Angstroms or 1 micron. Ground shield 725 is run above 
conductor 710, and this arrangement tends to reduce the 
delay push-out as discussed above. 

[0068] Furthermore, signal conducts in FIG. 7 are Wider 
than corresponding conductors in FIG. 4. Conductor 710 is 
Widened to about 2.4 microns (compared to about 0.9 
microns for corresponding conductor 410) so that it extends 
from beneath an edge of conductor 720 to beneath an edge 
of conductor 730. By providing a Wider conductor 710, its 
resistance is reduced, and With loWer resistance, the parasitic 
RC delay is further reduced. Conductors 720 are 730 (about 
1.4 microns) are also Wider than similar conductors 405 and 
415 (about 0.9 microns). The length of a conductor depends 
the hoW far the particular signal is routed. For example, a 
GH line may run the entire length and possibly serpentine 
throughout various components on an integrated circuit, and 
this Will also be true of the conductor used to implement this 
GH line. 

[0069] Although the various conductors for a particular 
layer are shoWn to be the same Width, depending on the 
speci?c embodiment, there may be variations in the Widths 
of conductors Within the same layer. For example, one 
conductor in the ?rst layer may be 3 microns Wide, While 
another conductor in the ?rst layer may be 2.2 microns Wide. 

[0070] Another technique that may be used to decrease the 
resistance of the conductors or interconnect lines is to 
increase their height. Instead of a thickness of 9250 Ang 
stroms, the conductors may be for example 10,000 Ang 
stroms, 11,000 Angstroms, 12,000 Angstroms, or even 
greater. This has the same effect as Widening the conductors 
discussed above. Increasing the dielectric distance separat 
ing the conductive layers Will reduce the coupling capaci 
tances. Instead of 10,000 Angstroms, the distance may be 
12,000 Angstroms, 15,000 Angstroms, or even greater. 

[0071] In the same pitch 745 for tWo lines as in FIG. 4, the 
organiZation of FIG. 7 also has tWo conductors line. The 
X-Y dimensions of the layout in FIG. 7 should be about the 
same as for FIG. 5. Thus, the present invention provides an 
improved interconnect structure by using multiple levels of 
conductors, and Without impacting the X-Y dimensions of 
the integrated circuit. These techniques are especially appli 
cable to integrated circuits having large numbers of inter 
connect such as PLDs, ASICs, and microprocessors. 

[0072] The performance of the interconnect structure may 
be further improved by using loW k dielectric betWeen the 
conductors and also loWer resistance conductors (such as 
copper interconnect). By using a loW k dielectric (such as 
te?on, or oxides or other materials containing ?uorine), this 
reduces the magnitude of the parasitic capacitances, espe 
cially those betWeen the conductors. A loW k dielectric 
Would have a dielectric constant k that is less than for silicon 
oxide, Which is typically used as an insulating material in 
many semiconductor processes. 
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[0073] Conductors are often typically fabricated using 
aluminum conductors. However, copper has a loWer resis 
tivity than aluminum, and using copper for the interconnect 
Will reduce the resistance of the interconnect. LoWer resis 
tance conductors made of materials such as copper Will 
improve the performance of the interconnect because the 
parasitic RC delay is reduced. The use of copper intercon 
nect may also reduce the effects of electromigration, Which 
Would increase device longevity. By using both loW k 
dielectric materials and loW resistance interconnect (such as 
copper interconnect), the performance of the interconnect 
can be further improved. Since the performance of the 
interconnect determine in part the performance of PLDs, the 
use loW k dielectrics and copper interconnect in PLDs Will 
increase their performance for the reasons as explained (and 
given by the equations above). 
[0074] For example, to further improve performance by 
reducing interconnect resistance, conductors 405, 410, 415, 
420, 705, 710, 715, 720, 725, 730, and 735 in FIGS. 4 and 
7 may be fabricated using copper interconnect. And, to 
reduce coupling capacitances, the insulator betWeen (i.e., 
above, beloW, surrounding, etc.) the conductors in FIGS. 4 
and 7 may be fabricated using a loW k dielectric. 

[0075] FIGS. 8 and 9 shoW three-dimensional perspective 
vieWs for FIGS. 4 and 7, respectively. 

[0076] FIG. 10 shoWs a further embodiment of the present 
invention With single shielding on both ?rst and second 
levels. Similar to the discussion for FIG. 7 above, the 
arrangement of the conductors minimiZes crosstalk and 
noise betWeen the signal conductors. The ?rst layer and 
second layer may be interchanged (i.e., the ?rst layer may be 
above the second layer) and provide similar crosstalk and 
noise reduction. In FIG. 10, conductors 1005, 1010, 1015, 
and 1020 are in a ?rst layer of conductors above the 
substrate. Conductors 1005, 1015, and 1020 are signal 
conductors While conductor 1010 is a shielding conductor. 
The shielding conductor typically carries a ?xed voltage 
such as VSS or VDD. 

[0077] Conductors 1025, 1030, 1035, 1040, and 1045 are 
in a second layer of conductors, above the ?rst layer. 
Conductors 1025, 1035, and 1040 are signal conductors 
While conductors 1030 and 1045 are shielding conductors. 
The second layer conductors are run in metal-4 and the ?rst 
layer conductors are run in metal-3 for the speci?c embodi 
ment in FIG. 10. 

[0078] To minimiZe coupling capacitance, conductors in 
second layer are positioned so that there is no signal con 
ductor Which run in parallel directly beloW or beneath in the 
?rst layer. In particular, no signal conductor is in the ?rst 
layer beloW conductor 1025 in the second layer. Adjacent to 
conductor 1025 is a shield conductor 1030. Signal conductor 
1005 is positioned beloW shield conductor 1030, and its 
Width extends from a point beneath about an edge of 
conductor 1025 to a point beneath about an edge of con 
ductor 1030. 

[0079] Adjacent to signal conductor 1005 is shielding 
conductor 1010. Signal conductor 1035 of the second level 
is run directly above the shielding conductor 1010. AWidth 
of signal conductor 1035 extends from about an edge of 
conductor 1010 to about an edge of conductor 1015. 

[0080] Signal conductor 1015 in the ?rst level extends 
from about an edge of conductor 1035 to and an edge of 

Aug. 2, 2001 

conductor 1040. Although no shielding conductor is shoWn 
above conductor 1015 in FIG. 10, speci?c embodiments of 
the present invention may include such a shielding conduc 
tor in the second level. 

[0081] Signal conductor 1040 of the second level extends 
form about an edge of conductor 1015 to an edge of 
conductor 1020. Although no shielding conductor is shoWn 
beloW conductor 1040 in FIG. 10, speci?c embodiments of 
the present invention may include such a shielding conduc 
tor in the ?rst level. The spacing betWeen conductors 1035 
and 1040, and betWeen 1015 and 1020, may be used to make 
contacts to interconnect the conductors to the various cir 
cuits. 

[0082] Signal conductor 1020 extends from about an edge 
of conductor 1040 to about an edge of shield conductor 
1045. Shield conductor 1045 is run in the second level 
directly above conductor 1020. 

[0083] The embodiment of the present invention in FIG. 
10 reduces crosstalk noise and improves performance 
because the arrangement of the conductors reduces the 
parasitic coupling capacitances, for similar reasons as dis 
cussed for FIG. 7. 

[0084] Furthermore, the Width of signal conductors in 
FIG. 10 are Wider than signal conductors in FIG. 4 Which 
reduces the parasitic resistance. 

[0085] Overall, the arrangement of interconnect conduc 
tors in FIG. 10 improves performance because of a reduc 
tion in parasitic coupling capacitance and resistance. 

[0086] FIG. 11 shoWs a further embodiment of the present 
invention With double shielding on both ?rst and second 
levels. This ?gure shoWs a front cross section of the con 
ductors. Similar to the discussions for FIGS. 7 and 10 
above, the arrangement of the conductors minimiZes 
crosstalk and noise betWeen the signal conductors. In FIG. 
11, conductors 1105, 1110, 1115, 1120, 1125, and 1130 are 
in a ?rst layer of conductors above the substrate. Conductors 
1110, 1120, and 1130 are signal conductors While conductor 
1105, 1115, and 1125 are shielding conductors. The shield 
ing conductors typically carry voltages such as VSS or 
VDD, or another reference voltage or potential. 

[0087] Conductors 1135, 1140, 1145, 1150, 1155, and 
1160 are in a second layer of conductors, above the ?rst 
layer. Conductors 1025, 1035, and 1040 are signal conduc 
tors While conductors 1030 and 1045 are shielding conduc 
tors. The second layer conductors are run in metal-4 and the 
?rst layer conductors are run in metal-3 for the speci?c 
embodiment in FIG. 11. 

[0088] Within each layer, each signal conductor is adja 
cent to at least one shielding conductor. More speci?cally, 
signal conductors are run so that every tWo signal conduc 
tors are separated by at least one shielding conductor. Or, in 
other Words, signal conductors are run alternating With 
shielding conductors. The shielding conductor minimiZes 
the parasitic coupling capacitances betWeen tWo lines in the 
same layer. For example, in the second layer, conductors 
1135, 1145, and 1155 are run alternating With shielding 
conductors 1140, 1150, and 1160. The conductor on the end 
of a series or group of conductors may be a shielding 
conductor or a signal conductor. 
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[0089] In different layers (e.g., metal-3 and metal-4 lay 
ers), conductors in the upper layer are run in parallel, and 
“on top” of conductors in the loWer layer. Coupling capaci 
tance is minimized by arranging the conductors so that a 
signal conductor is above a shield conductor, and a shield 
conductor is above a signal conductor. By arranging the 
conductors as shoWn in FIG. 11, coupling capacitances are 
minimized for similar reasons as discussed above. For a 
given signal conductor, there Will be a shielding conductor 
immediately above it (or beloW it) and a shielding conduc 
tors on either side (or both sides) of it. 

[0090] In order to reduce the space used, the conductors 
may be minimum Width. HoWever, to decrease the resistance 
of the interconnect, the conductors may be Widened as 
desired (or as space alloWs) to obtain the required improve 
ment in performance. As shoWn in FIG. 11, there may be 
greater spacing betWeen some of the conductors (e.g., con 
ductors 1140 and 1145 and conductors 1150 and 1155) to 
alloW room to make contacts to the desired conductors. 

[0091] As discussed above, the above techniques of signal 
line shielding may be used to improve the performance the 
interconnect lines. There are other techniques that may be 
used to further improve performance, and these techniques 
may be combined With What is described above. 

[0092] Performance of interconnect lines may also be 
improved using, for eXample, line segmentation. FIG. 12 
shoWs an embodiment of line segmentation Where a GH line 
has been segmented into four segments 1210, 1225, 1235, 
and 1245. Other signal lines in a group of interconnect lines 
may also be run using line segmentation. Or, a selected 
signal lines such as a clock line may use line segmentation 
While other lines are not segmented. 

[0093] BetWeen the segments are buffers 1250, 1253, and 
1256. The buffers may be unidirectional or bidirectional 
depending on the type of interconnect being implemented. 
As an eXample, for a GH line, bidirectional buffering may be 
used. The buffers may also include tristateability. 

[0094] Interconnect performance is improved using line 
segmentation for reasons including the availability of greater 
drive capability to counteract the parasitic capacitances and 
capacitive coupling betWeen signal lines. 

[0095] Another technique to improve the performance of 
interconnect lines is to minimiZe the possibility of logical 
errors by ?ltering any glitch due to crosstalk noise. For 
eXample, FIG. 13 shoWs a diagram of a GH line Which is 
used to couple a signal to various circuitry 1305 (e.g., LABs 
and LEs) on the integrated circuit. Signals from the GH line 
are ?ltered using a glitch ?lter 1320 at the input to circuitry 
1305. This glitch ?lter may be implemented using a buffer 
With hysteresis such as a Schmitt trigger circuit. 

[0096] FIGS. 14, 15, and 16 shoW various eXamples of 
embodiment of buffers having hysteresis. The circuitry in 
FIG. 16 provides more degrees of freedom, but it requires 
one eXtra transistor. The circuit implementations in FIGS. 
14, 15, and 16 may be used to implement buffer or glitch 
?lter 1320. 

[0097] Glitch ?ltering is especially useful for a clock line, 
for eXample, because the glitch ?lter Will help prevent 
double clocking. The input threshold for the glitch ?lter may 
be adjusted so that a glitch from crosstalk noise does not 
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propagate though the ?lter (so the glitch Will not be mistaken 
as an additional clock edge). Glitch ?ltering may also be 
used on signal lines other than clock lines to reduce logic 
errors. 

[0098] If the receiving buffer 1320 is designed to include 
voltage hysteresis, crosstalk noise Would be suppressed. One 
Way to ensure noise suppression Would be to design a buffer 
With a hysteresis Which is either equal to or greater than the 
maXimum glitch siZe observed on a given line. 

[0099] It Would be suf?cient, hoWever, to make this hys 
teresis equal to the maXimum glitch siZe observed in the 
desired hysteresis WindoW. Even though the larger glitches 
are observed on the line they Will be ?ltered out because they 
are not in the buffer’s hysteresis WindoW. 

[0100] This detailed description of the invention has been 
presented for the purposes of illustration and description. It 
is not intended to be eXhaustive or to limit the invention to 
the precise form described, and many modi?cations and 
variations are possible in light of the teaching above. The 
embodiments Were chosen and described in order to best 
explain the principles of the invention and its practical 
applications to thereby enable others skilled in the art to best 
utiliZe and practice the invention in various embodiments 
and With various modi?cations as are suited to the particular 
use contemplated. It is intended that the scope of the 
invention be de?ned by the folloWing claims. 

What is claimed is: 
1. A programmable logic integrated circuit comprising: 

a ?rst level of conductors comprising a ?rst conductor and 
a second programmable interconnect conductor, and a 
?rst space betWeen the ?rst and second conductors; and 

a second level of conductors comprising a third program 
mable interconnect conductor, a shielding conductor, 
and a fourth programmable interconnect conductor, and 
a second space betWeen the third programmable inter 
connect and shielding conductors and a third space 
betWeen the shielding and fourth programmable inter 
connect conductors, Wherein the shielding conductor is 
above the second programmable interconnect conduc 
tor, and the third programmable interconnect conductor 
is above the ?rst space. 

2. The integrated circuit of claim 1 Wherein the second 
space is above the second programmable interconnect con 
ductor. 

3. The integrated circuit of claim 1 Wherein a pitch of the 
?rst space plus the second programmable interconnect con 
ductor is about the same as the third programmable inter 
connect conductor plus the second space plus the shielding 
conductor plus the third space. 

4. The integrated circuit of claim 1 Wherein a ?rst pitch in 
the ?rst level comprises the ?rst space plus the second 
conductor, and the ?rst pitch is repeated in the ?rst level at 
least one additional time. 

5. The integrated circuit of claim 1 Wherein a second pitch 
in the second level comprises the third programmable inter 
connect conductor plus the second space plus the shielding 
conductor plus the third space, and the second pitch is 
repeated in the second level at least one additional time. 

6. The integrated circuit of claim 1 Wherein a ?rst pitch in 
the ?rst level comprises the ?rst space plus the second 
conductor, and the ?rst pitch is repeated in the ?rst level at 






