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CAPACITIVE TECHNIQUES TO REDUCE NOISE 
IN HIGH SPEED INTERCONNECTIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Divisional of US. Ser. No. 
10/930,158 ?led on Aug. 31, 2004, Which is a Divisional of 
US. Ser. No. 10/060,801 ?led on Jan. 30, 2002. These 
applications are herein incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to integrated circuit 
devices, and more particularly, to methods and structures 
using capacitive techniques to reduce noise in high speed 
interconnections. 

BACKGROUND OF THE INVENTION 

[0003] The metal lines over insulators and ground planes, 
or metal lines buried in close proximity to dielectric insu 
lators and used for integrated circuit interconnects are in 
reality transmission lines or strip lines. The use of coaxial 
interconnection lines for interconnections through the sub 
strate in CMOS integrated circuits can also be termed 
transmission lines or strip lines. Interconnection lines on 
interposers or printed circuit boards can also be described as 
transmission lines. 

[0004] The loW characteristic impedance of any of these 
lines, transmission, strip lines or coaxial lines results in part 
from the loW characteristic impedance of free space, Zo=(p0/ 
eO)1/2=377 ohms, and in part from the dielectric material 
used for electrical insulation in the lines Which has a higher 
dielectric permittivity than free space. Most commonly used 
coaxial lines have an impedance of 50 ohms or 75 ohms, it 
is di?icult to achieve larger values. In the past these effects 
have not received much consideration on the integrated 
circuits themselves since the propagation speed With oxide 
insulators is 15 cm/ns and sWitching speeds on integrated 
circuits of the siZe of a centimeter have been sloWer than 1/15 
ns or 70 picoseconds. Transmission line effects only become 
important if the sWitching time is of the same order as the 
signal propagation time. SWitching times in CMOS circuits 
have been limited by the ability to sWitch the capacitive 
loads of long lines and buffers, and charge these capaci 
tances over large voltage sWings to yield a voltage step 
signal. 
[0005] Most current CMOS integrated circuit interconnec 
tions rely on the transmission of a voltage step or signal from 
one location to another. FIG. 1 illustrates R-C limited, short 
high impedance interconnections With capacitive loads. The 
driver may simply be a CMOS inverter as shoWn in FIG. 1 
and the receiver a simple CMOS ampli?er, differential 
ampli?er, or comparator. 

[0006] As shoWn in FIG. 1, the CMOS receiver presents 
a high impedance termination or load to the interconnection 
line. This is problematic in that: 

[0007] (i) the sWitching time response or signal delay is 
determined mainly by the ability of the driver to charge up 
the capacitance of the line and the load capacitance, 

[0008] (ii) the line is not terminated by its characteristic 
impedance resulting in re?ections and ringing, 
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[0009] (iii) large noise voltages may be induced on the 
signal transmission line due to capacitive coupling and large 
voltage sWing sWitching on adjacent lines, the noise voltage 
can be a large fraction of the signal voltage. 

[0010] The transmission of voltage step signals only 
Works Well if the interconnection line is short so that the 
stray capacitance of the line is small. Long lines result is 
sloW sWitching speeds and excessive noise due to capacitive 
coupling betWeen lines. 

[0011] FIG. 1 shoWs the commonly used signal intercon 
nection in CMOS integrated circuits, Where voltage signals 
are transmitted from one location to another. This is prob 
lematic in that the interconnection lines are normally loaded 
With the capacitive input of the next CMOS stage and the 
large stray capacitance of the line itself. The response time 
is normally sloW due to the limited ability of the line drivers 
to supply the large currents needed to charge these capaci 
tances over large voltage sWings. These times are usually 
much larger than the signal transmission time doWn the line 
so a lumped circuit model can be used to ?nd the signal 
delay, as shoWn in FIG. 1. 

[0012] In the example here the output impedance of the 
source folloWer is 1/gm=1000 ohms, and a line 0.1 cm long 
Will have a capacitance of about 0.2 pF if the dimensions of 
the line are about 1 micron by 1 micron and the insulator or 
oxide thickness under the line is 1 micron. This results in a 
time constant of 200 pS and it takes about 400 pS to charge 
the line from 10% to 90% of the ?nal voltage value. This is 
a relatively sloW response. 

[0013] Furthermore, if tWo interconnection Wires are in 
close proximity then the voltage sWing on one line can 
induce a large voltage sWing or noise voltage on the adjacent 
line as shoWn in FIG. 1. The noise voltage is just determined 
by the capacitance ratios, or ratio of interWire capacitance, 
Cint, to the capacitance of the interconnection Wire, C. 

[0014] In prior art these can be comparable, as shoWn, and 
depend on the insulator thickness under the Wires and the 
spacing betWeen the Wires. Therefore, the noise voltage can 
be a large fraction of the signal voltage if the Wires are in 
close proximity and far removed from the substrate by being 
over thick insulators. The emphasis in prior art has alWays 
been in trying to minimiZe the capacitance of the intercon 
nection line, C, by using thick insulators and loW dielectric 
constant materials. 

[0015] Thus, there is a need to provide a solution for these 
types of problems for CMOS-scaled integrated circuits. Due 
to the continued reduction in scaling and increases in 
frequency for transmission lines in integrated circuits such 
solutions remain a di?icult hurdle. For these and other 
reasons there is a need to reduce noise in high speed 
interconnections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs the commonly used signal intercon 
nection in CMOS integrated circuits, Where voltage signals 
are transmitted from one location to another. 

[0017] FIG. 2 illustrates one technique to minimize the 
interWire capacitance, Cint, by using an intermediate line at 
ground for shielding. 
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[0018] FIG. 3A illustrates signal transmission using cor 
rectly terminated transmission lines and current sense ampli 
?ers, according to the teachings of the present invention. 

[0019] FIG. 3B illustrates tWo interconnection lines in 
close proximity and the interWire capacitance betWeen these 
lines and the mutual inductance coupling betWeen the lines. 

[0020] FIG. 4 is a perspective vieW illustrating a pair of 
neighboring transmission lines above a conductive substrate, 
according to the teachings of the present invention. 

[0021] FIG. 5 is a perspective vieW illustrating another 
embodiment for a pair of neighboring transmission lines 
above a conductive substrate, according to the teachings of 
present invention. 

[0022] FIG. 6 is a schematic diagram for an interconnec 
tion on an integrated circuit 600 according to the teachings 
of the present invention. 

[0023] FIGS. 7A-7F illustrate an embodiment of a pro 
cess of fabrication of transmission lines in an integrated 
circuit according to the teachings of the present invention. 

[0024] FIGS. 8A-8F illustrate another embodiment of a 
process of fabrication of transmission lines in an integrated 
circuit according to the teachings of the present invention. 

[0025] FIG. 9 is a block diagram Which illustrates an 
embodiment of a system using line signaling according to 
teachings of the present invention. 

[0026] FIG. 10 is a block diagram Which illustrates 
another embodiment of a system according to teaching of 
the present invention. 

DETAILED DESCRIPTION 

[0027] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in su?icient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. 

[0028] The terms Wafer and substrate used in the folloW 
ing description include any structure having an exposed 
surface With Which to form the integrated circuit (IC) 
structure of the invention. The term substrate is understood 
to include semiconductor Wafers. The term substrate is also 
used to refer to semiconductor structures during processing, 
and may include other layers that have been fabricated 
thereupon. Both Wafer and substrate include doped and 
undoped semiconductors, epitaxial semiconductor layers 
supported by a base semiconductor or insulator, as Well as 
other semiconductor structures Well knoWn to one skilled in 
the art. The term conductor is understood to include semi 
conductors, and the term insulator is de?ned to include any 
material that is less electrically conductive than the materials 
referred to as conductors. The folloWing detailed description 
is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is de?ned only by the 
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appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

[0029] One embodiment of the invention includes a 
method for forming transmission lines in an integrated 
circuit. The method include forming a ?rst layer of electri 
cally conductive material on a substrate. The method 
includes forming a ?rst layer of insulating material on the 
?rst layer of the electrically conductive material. The ?rst 
layer has a thickness of less than 1.0 micrometers (pm). A 
transmission line is formed on the ?rst layer of insulating 
material. The transmission line has a thickness and a Width 
of approximately 1.0 micrometers. A second layer of insu 
lating material is formed on the transmission line. And, a 
second layer of electrically conductive material is formed on 
the second layer of insulating material. 

[0030] FIG. 2 illustrates one technique to minimize the 
interWire capacitance, Cint, by using an intermediate line at 
ground for shielding. This technique is disclosed in a co 
pending application by a common inventor, Dr. Leonard 
Forbes, entitled “Novel Transmission Lines for CMOS 
Integrated Circuits,” Ser. No. 09/364,199. The same is 
incorporated herein by reference. 

[0031] Also, as disclosed in issued US. Pat. No. 6,255, 
852 by Dr. Leonard Forbes, entitled “Current Mode Inter 
connects on CMOS Integrated Circuits,” loW impedance 
transmission lines such as those Which exist on CMOS 
integrated circuits are more amenable to signal current 
interconnections over longer interconnection lines. US. Pat. 
No. 6,255,852 is incorporated herein by reference. These 
longer interconnection lines may be on the CMOS integrated 
circuit itself, an interconnection line betWeen integrated 
circuits mounted in a module as for instance a memory 
module, an interposer upon Which these integrated circuits 
are mounted, or on a printed circuit board upon Which the 
integrated circuits are mounted. If the line is terminated With 
a loW input impedance current sense ampli?er then the line 
can be regarded as a transmission line terminated With the 
characteristic impedance of the interconnection line. This is 
advantageous in that: 

[0032] (i) the signal delay depends only on the velocity of 
light on the line and is easily predictable and reproducible, 
eliminating or alloWing for compensation for signal and/or 
clock skeW, 

[0033] (ii) there are no re?ections at the receiving end of 
the line and this minimiZes ringing, 

[0034] (iii) noise signals Will be smaller due to Weaker 
coupling betWeen lines resulting in better signal to noise 
ratios, the noise current Will only be a small fraction of the 
signal current. The transmission of current signals rather 
than voltage signals is more desirable at high speeds, and in 
high speed or high clock rate circuits over longer intercon 
nection lines. A CMOS circuit might for instance use a 
combination of techniques, conventional voltage signals 
over short interconnections With little coupling betWeen 
lines and current signals over longer interconnections and 
Where lines might be in close proximity. 

[0035] FIG. 3A illustrates capacitive coupling betWeen 
loW impedance terminated interconnection lines. FIG. 3A 
illustrates signal transmission using correctly terminated 
transmission lines and current sense ampli?ers, such as 
those disclosed in issued US. Pat. No. 6,255,852 by Dr. 
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Leonard Forbes, entitled “Current Mode Interconnects on 
CMOS Integrated Circuits.” The signal interconnection or 
transmission line is terminated by the matching impedance 
of the current sense ampli?er. This means the impedance 
looking into the sending end of the transmission line Will just 
be the characteristic impedance of the line and the signal 
delay doWn the line Will just be the small propagation delay 
doWn the line. The response time of the source folloWer 
being used as a line driver Will be determined primarily by 
the longer rise time of the input voltage. This driver Will 
supply a current Whose rise time is basically just that of the 
input voltage. This driver Will then supply a signal current 
Whose rise time is basically just that of the input voltage 
signal. 

[0036] FIG. 3A also illustrates the coupling to another 
signal line in close proximity, in this case the coupling Will 
be both magnetic through the induced magnetic ?elds and 
mutual inductance and capacitive coupling. The noise cur 
rent induced Will be shoWn to be only a fraction of the signal 
current or the signal to noise ratio is high. Once received this 
signal current is converted back to a signal voltage by the 
current sense ampli?er at the receiving end of the line. Since 
the signal propagation time is small, the signal delay time 
Will in practice be limited by the rise time of the signal to the 
gate of the source folloWer. Since the gate capacitance of the 
source folloWer is small this can be very fast. 

[0037] Conventional methods to minimiZe capacitive cou 
pling betWeen lines have been to use loW dielectric constant 
materials or insulators, or ground shields. In the present 
invention, it is desirable to use very loW impedance lines it 
is desirable to keep the capacitive coupling betWeen lines 
small and the magnitude of voltage steps on the intercon 
nection lines small. The current step Will induce a voltage 
step at the load Which is the magnitude of the load imped 
ance times this current step. This voltage step While small, 
1 mA times Zin in this example, still can induce a capaci 
tively coupled noise signal on an adjacent line. 

[0038] FIG. 3A shoWs an integrated circuit 300 in Which 
a ?rst transmission line, strip line, or coaxial line 301A 
interconnects circuit components, eg a driver 310 to a 
receiver 320. FIG. 3A illustrates a ?rst transmission line 
301A over a conductive substrate 305. Conventionally, a 
voltage signal (i.e. a 5 volt signal sWing) is provided by the 
driver 310 to the transmission line 301A. The schematic 
illustrations in FIG. 3A demonstrate that the transmission 
line 301A includes a small resistance, shoWn generally by 
resistor symbols 302A, 302B, . . . , 302N. Also, the trans 

mission line 301A includes a distributed inductance (L) 
Which is represented generally by inductor symbols 303A, 
303B, . . . , 303N. In one embodiment, the driver 310 may 

be an inverter 310 and the receiver 320 may be an ampli?er 
320. Capacitor plate symbols 304 (C) are used to schemati 
cally represent the capacitive coupling Which occurs 
betWeen the transmission line 301A and the conducting 
substrate 305. In FIG. 3A, a second transmission line 301B 
is shoWn. Capacitor plate symbols 306 are used to sche 
matically represent the capacitive coupling (Cint) Which 
similarly occurs betWeen the ?rst transmission line 301A 
and neighboring transmission lines, e.g. second transmission 
line 301B. 

[0039] FIG. 3B illustrates tWo interconnection lines in 
close proximity and the interWire capacitance betWeen these 
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lines and the mutual inductance coupling betWeen the lines. 
(See generally, H. Johnson, “High-Speed Digital Circuits: A 
Handbook of Black Magic,” Prentice-Hall, 1993; and S. 
Ramo, J. R. Whinnery and T. Van DuZer, “Fields and Waves 
in Communication Electronics, 3rd Ed,” John Wiley, NeW 
York, 1994). Although the interconnection lines on inte 
grated circuits might tend to be more square than round, the 
concepts involved can be most conveniently described and 
formulas approximated by assuming for simplicity that the 
lines are round or circular. Approximate formulas have been 
developed describing round Wires over conductive planes or 
tWo Wires in close proximity, in this case they are intercon 
nection Wires on a CMOS integrated circuit, interposer, or 
printed circuit board. 

[0040] In FIG. 3B the illustrated pair of interconnect, or 
transmission lines, 301A and 301B, displayed in a perspec 
tive vieW, are separated from a conducting substrate 305. 
The transmission lines, 301A and 301B are spaced a distance 
(h) from the conducting substrate 305 and a distance (s) from 
one another. The transmission lines, 301A and 301B, are 
shoWn in a circular geometry, each With a diameter (a). 
Some general characterizations can be made about the 
transmission lines, 301A and 301B, in an environment 
?oating or suspended in air. First, each transmission line, 
301A and 301B, Will have a characteristic impedance in air 
(Z0) approximately or generally given by ZOz60 ln(4 h/a). 
Second, each transmission line, 301A and 301B, has a 
inductance (L) Which is LE5.08X10_9X1I1(4 h/a) Henrys/ inch 
(H/ inch). Additionally, the tWo transmission lines, 301A and 
301B, Will exhibit an interWire mutual inductance (M) 
Which is given by M=L><{l/[l+(s/h)2]}. Third, an interWire 
capacitive coupling (Cint) exists betWeen the tWo transmis 
sion lines, 301A and 301B, and is expressed as Cint=rce/cos 
h_l(s/ a). Using the trigonometric relationship of cos h_l(y)z 
ln(2 y), the interWire capacitive coupling can similarly be 
expressed as Cintzrce/ln(2 s/a). Thus, in this environment, 
the tWo transmission lines, 301A and 301B, exhibit an 
interline capacitance (Cint) given by Cint={0.7/[ ln(2 s/a)]} 
pico Farads/inch (pF/inch). Lastly, each transmission line, 
301A and 301B, Will further exhibit capacitive coupling C 
With the conducting substrate 305. 

[0041] Again, in FIG. 3B the transmission lines, 301A and 
301B, are spaced a distance (h) from the conducting sub 
strate 305. Using the method of images and the interWire 
capacitive relationship, Cintzrce/ln(2 s/a), a single transmis 
sion line, 301A, over a conducting substrate is given by 
Cz2rce/ln(4 h/a) pF/inch Where h=s/2. Thus, in this environ 
ment, the tWo transmission lines, 301A and 301B, exhibit a 
capacitance, or capacitive coupling C With the conductive 
substrate 305 Which is Cz{l.4l/[ ln(4 h/a)]} pF/inch. The 
above equations have been presented by assuming that the 
transmission lines have round or circular geometries. Actual 
transmission lines on integrated circuits might tend to be 
more square or rectangular than round due to present lithog 
raphy techniques. Nevertheless, due to the actual physical 
siZe of transmission lines, determined according to mini 
mum lithographic feature techniques, the formulas scale 
Well to square, rectangular or other physical cross sectional 
geometries for the transmission lines. 

[0042] The signal rise time (trise) in conventional voltage 
signaling is normally sloW due to the limited ability of the 
transmission line drivers to supply the large currents needed 
to charge these capacitances over large voltage sWings. The 
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signal rise times are usually much larger than the signal 
transmission time doWn the line (tprop). Additionally, if tWo 
transmission lines are in close proximity then the voltage 
sWing on one transmission line can induce a large voltage 
sWing or noise voltage on the adjacent transmission line. The 
noise voltage is determined by the capacitance ratios of 
interWire capacitance, Cint, to the capacitance of the trans 
mission line With the substrate, C. In other Words, the noise 
voltage is determined according to the ratio Cint/C. 

[0043] The values of Cint and C can be comparable, 
dependant upon the insulator thickness (h) under the trans 
mission lines and the spacing betWeen the transmission 
lines. Emphasis in prior art is placed upon minimiZing the 
capacitance of the transmission line, C, by using thick 
insulators and loW dielectric constant materials. Emphasis is 
also to some extent placed upon minimiZing the interWire 
capacitance, Cint. Thus, the approach in the prior art results 
in a noise voltage Which can be a large fraction of the signal 
voltage if the transmission lines are in close proximity and 
far removed from the substrate by being over thick insula 
tors. 

[0044] FIG. 4 is a perspective vieW illustrating a pair of 
neighboring transmission lines, 401A and 401B, above a 
conductive substrate 405 according to the teachings of the 
present invention. The present invention is designed to use 
current signaling across loW impedance transmission lines, 
401A and 401B, to reduce signal transmission delay and to 
improve signaling performance over longer transmission 
lines. Under conventional voltage signaling the current 
provided in the transmission lines is too Weak to provide 
clean, accurately detectable current signal. In order to obtain 
better current signals in the transmission lines the signal to 
noise ratio of the transmission lines, 401A and 401B, must 
be improved. 

[0045] To improve the signal to noise ratio of the trans 
mission lines, 401A and 401B, the capacitance coupling 
betWeen the transmission lines, 401A and 401B, and the 
conductive substrate 405, is made large. The characteristic 
impedance (Zo) of the transmission lines, 401A and 401B, 
can be expressed as 204%. Thus, making C large makes 
the characteristic impedance Zo=Zin, small and similarly 
makes the voltage division ratio for capacitive coupling 
small. In the present invention, C increases as the insulator 
407 thickness (h) separating the transmission lines, 401A 
and 401B, from the ground plane, or substrate 405 is 
decreased. In FIG. 4, the transmission lines, 401A and 
401B, are separated a distance (h) from the conducting 
substrate 405 by an insulating layer 407. In one embodi 
ment, the insulating layer 407 is an oxide layer 407. The 
capacitive coupling C betWeen the transmission lines, 401A 
and 401B, and the conducting substrate 405 separated by an 
oxide layer 407 is given as Czl.66/[ ln(4 h/a)] pF/cm. 
Additionally, the inductance (L) for the transmission lines, 
401A and 401B, over the oxide layer 407 is Lz2><ln(4 h/a) 
nanoHenrys/centimeter (nH/cm). The transmission lines, 
401A and 401B, are shoWn in a square geometry having a 
Width (a). The insulator 407 has a thickness (b) separating 
the transmission lines, 401A and 401B from the substrate. 
405. According to the teachings of the present invention, the 
insulator thickness (b) is made thinner than the thickness (t) 
of the transmission lines, 401A and 401B. The center of the 
transmission lines, 401A and 401B, are a distance (h) above 
the conducting substrate 405. Unlike prior art Where the 
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emphasis is placed upon on minimiZing transmission line 
capacitance (C), the opposite is true here Where the emphasis 
is on minimiZing characteristic impedance (Z0) by making 
the capacitance of the lines, 401A and 401B large and thus 
improving the signal to noise ratio. According to the teach 
ings of the present invention, in one embodiment the thick 
ness (b) of the insulator is equal to or less than 1.0 microme 
ters (pm). In one embodiment, the thickness (t) of the of the 
transmission lines, 401A and 401B is equal to or greater than 
1.0 micrometers (pm). In one embodiment, the thickness (t) 
of the transmission lines, 401A and 401B is approximately 
1.0 (pm). In one embodiment, the Width (a) of the transmis 
sion lines, 401A and 401B is approximately 1.0 micrometers 
(pm). As one of ordinary skill in the art Will appreciate upon 
reading the present disclosure, one embodiment of the 
present invention includes transmission lines 401A and 
401B formed according to the above described dimensions 
and separated from the substrate 405 by an insulator having 
a thickness (b) of less than 1.0 micrometers (pm). In one 
exemplary embodiment, the transmission lines 401A and 
401B have an input impedance (Z0) approximately equal to 
50 ohms. 

[0046] FIG. 5 is a perspective vieW illustrating another 
embodiment for a pair of neighboring transmission lines, 
501A and 501B, above a conductive substrate 505, accord 
ing to the teachings of present invention. In this embodi 
ment, a thickness (t) for each of the transmission lines, 501A 
and 501B, is less than the Width (a) of the transmission lines, 
501A and 501B. In this embodiment, the reduced thickness 
(t) of the transmission lines, 501A and 501B further mini 
miZes interWire capacitive coupling (Cint). Again, as in 
FIG. 5C, the insulator 507 thickness (b) over the substrate 
505 is made small to increase the capacitive coupling C 
betWeen the transmission lines, 501A and 501B, and the 
substrate 505. In one embodiment, the Width (a) of the 
transmission lines, 501A and 501B, is approximately 1.0 
micrometers (um) and the thickness (b) of the insulator layer 
507 is equal to at most 3A of the Width (a) of the transmission 
lines, 501A and 501B. The center of the transmission lines, 
501A and 501B1, are a distance (h) above the conducting 
substrate 505. Correspondingly, the characteristic imped 
ance Zo of the transmission lines, 501A and 501B, is 
reduced as Z0 is dependent upon C. The transmission lines, 
501A and 501B, have a loW characteristic impedance (Z0) 
and an improved signal to noise ratio. In one embodiment, 
the characteristic impedance Zo of the transmission lines, 
501A and 501B, is approximately 30 Ohms. The current 
steps produced by a driver Will induce a voltage step at the 
load Which is the magnitude of the load impedance Zo times 
this current step. If a 1 mA current is provided to the 
transmission lines, 501A and 501B, a 30 mV step results on 
the transmission lines, 501A and 501B. 

[0047] This embodiment, also results in a fast time con 
stant (RC or ZoC) on the transmission lines, 501A and 501B. 
In one exemplary embodiment, each transmission line, 501A 
and 501B, has a length (l) of 0.1 cm or 1000 pm, each has 
a Width (a) of approximately 1.0 pm, h is 0.68 pm, and the 
insulator layer thickness (b) is approximately 0.2 pm. In this 
embodiment, the ln(4 h/a) Will be approximately 1. Thus, 
Czl .66/[ ln(4 h/a)] pF/cm for a line of 0.1 cm Will produce 
Cz0.2 pF. If Z0 is approximately 30 Ohms, then the time 
constant (ZoC) is approximately 6 pico seconds (ps). Thus, 
the loW impedance transmission lines, 501A and 501B of the 
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present invention keep the magnitude of the voltage steps on 
the transmission lines, 501A and 501B, small and the 
response time (tprop) rapid. 

[0048] As one of ordinary skill in the art Will understand 
upon reading this disclosure, in both embodiments of FIGS. 
4 and 5 a characteristic impedance of 50 ohms on a given 
transmission line is easily realizable Which results in a 50 
mV step on one line. Thus, in the invention, the capacitance 
division ratio might easily be small, C=1 pF, Cint=0.06 pF, 
resulting in a small noise signal on an adj acent transmission 
line. The time constant of a second, neighboring transmis 
sion line is fast, 50 ohms times 1 pF, and 50 picoseconds. 
This means the noise current on the second line (Cint)><(50 
mV/100 pS) or 0.03 mA. This is only a small percentage of 
the signal current and again the signal to noise ratio Will be 
large. It can be shoWn in general the signal to noise ratio due 
to capacitive coupling is of the order (C/Cint) (trise/tprop); 
Where, trise, is the rise time on the current signal and, tprop, 
the signal propagation time doWn the line. 

[0049] In summary, When transmission line effects 
become important on integrated circuits interconnections at 
high sWitching speeds then limiting cross coupling and 
interconnection noise is just not simply a matter of limiting 
the ratio of the stray capacitance to line capacitance, Cint/C. 
In other Words, solely using a shielding technique as shoWn 
in FIG. 2 for R-C limited lines or for loW impedance lines 
does not alWays suf?ce. In the present invention, capacitive 
coupling effects can be minimized by: 

[0050] (i) using loW impedance lines and maximizing line 
capacitance to ground planes as shoWn in FIG. 4, and 

[0051] (ii) geometry, that is by making the lines Wide and 
thin as shoWn in FIG. 5. 

[0052] FIG. 6 is a schematic diagram for an interconnec 
tion on an integrated circuit 600 according to the teachings 
of the present invention. The interconnection on the inte 
grated circuit 600 includes a pair of transmission lines, 601A 
and 601B, in close proximity. The ?rst transmission line 
601A is separated by a distance (s) from the second trans 
mission line 601B. The ?rst transmission line 601A and the 
second transmission line 601B each have a ?rst end, 605A 
and 605B respectively. In one embodiment, the ?rst end 
605A for the ?rst transmission line 601A is coupled to a 
driver 603. The ?rst transmission line 601A and the second 
transmission line 601B each have a second end, 606A and 
606B respectively. In one embodiment, the second end 606A 
is coupled to a termination 604 formed using a complemen 
tary metal oxide semiconductor (CMOS) process. 

[0053] Reference to FIG. 6 is useful in explaining the 
reduced amount of noise current betWeen tWo transmission 
lines, 601A and 601B, using the current signaling technique 
of the present invention. In one embodiment of the present 
invention, transmission lines, 601A and 601B, have a loW 
characteristic impedances Zo. In one embodiment, the input 
impedance (Zin) seen by the driver 603 coupling to the ?rst 
transmission line 601A (in this example the “driven line”) is 
just the characteristic impedance Zo for the ?rst transmis 
sion line 601A. In other Words, the CMOS termination 604 
is impedance matched to the characteristic impedance Zo of 
the transmission line 601A. 

[0054] In one embodiment, the ?rst transmission line 
601A is separated by approximately 3 pm from the second 
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transmission line 601B and the transmission lines have a 
length (l) of at least 500 um. In another embodiment the 
transmission lines, 601A and 601B, have a length (1) of at 
least 0.1 cm, or 1000 pm. As in FIGS. 4 and 5, the 
transmission lines, 601A and 601B, are separated from a 
conducting substrate by an insulating layer. In one embodi 
ment, the insulating layer is an oxide layer. In this embodi 
ment, the capacitive coupling C betWeen the transmission 
lines, 601A and 601B, and the conducting substrate is given 
as Cz1.66/[ ln(4 h/a)] pF/cm. In one exemplary embodi 
ment, each transmission line, 601A and 601B, has a length 
(l) of 0.1 cm or 1000 pm, each has a Width (a) of approxi 
mately 1.0 pm, and the insulator layer thickness (b) is 
approximately 0.2 pm. In this embodiment, the ln(4 h/a) Will 
be approximately 1. Thus, Cz1.66/[ ln(4 h/a)] pF/ cm and for 
a line 0.1 cm long Will produce a Cz0.2 pF. In the same 
embodiment, the inductance (L) for the transmission lines, 
601A and 601B, over the oxide layer is Lz2><ln(4 h/a) 
nH/cm, or L=0.2 nH for a line 0.1 cm long. In this embodi 
ment, a 1 milli Ampere (mA) current step, i1(t), is applied to 
the gate 602 of a transistor driver 603. In one embodiment, 
the driver is an n-channel source folloWer driver 603. In this 
embodiment, the rise time (trise) on the gate 602 of the 
driver 603 is approximately 100 ps. This is the limiting time 
on the system response since the signal delay (tprop) doWn 
a the transmission line is proportional to VT. For a 0.1 cm 
transmission line, 601A or 601B, tprop is only 7 ps. A 
current, di1(t)/dt, of approximately 1><107 A/sec is then 
produced on the ?rst transmission line 601A. 

[0055] The noise current i2(t) induced on the second 
transmission line 601B by interWire capacitive coupling 
(Cint) is calculated as approximately i2(t)=(Cint)><(V1step/ 
trise). The interWire capacitive coupling (Cint) betWeen the 
transmission lines, 601A and 601B, separated by an oxide 
dielectric can be expressed as Cint=0.46 pF/cm. Again, for 
a 0.1 cm transmission line, 601A or 601B, Cintz0.05 pF. As 
described in connection With FIG. 5, a 1 mA current 
provided to the ?rst transmission line 601A having a loW 
characteristic impedance Zo of approximately 30 Ohms Will 
result in a corresponding 30 mV Voltage step (Vlstep) on the 
?rst transmission line 601A. Therefore, if trise is 100 ps a 
noise current, i2(t), of approximately 0.015 mA is produced 
on the second, neighboring, transmission line 601B. This 
noise current, i2(t), induced in the second transmission line 
601B is a very small percentage, or about 1%, of the signal 
current il(t) provided to the ?rst transmission line 601A. 
Hence, the signal to noise ratio (SNR) Will be large. It can 
be shoWn, in general, that a signal to noise ratio (SNR) for 
the present invention, due to capacitive coupling is of the 
order (C/Cint) (trise/tprop); Where, trise, is the rise time for 
the current signal and, tprop, the signal propagation time 
doWn the ?rst transmission line 601A. The rise time on the 
signal current, i1(t), in the ?rst transmission line 601A is fast 
and just folloWs the rise time (trise) on the input signal, or 
100 ps. The response time of this system utilizing current 
signals is thus much faster than those using voltage signals. 
[0056] Reference to FIG. 6 is similarly useful to illustrate 
the noise voltage signal from magnetic coupling induced in 
the second transmission line 601B by the signal current in 
the ?rst transmission line 601A. As shoWn in FIG. 6, a 
voltage Will be induced in the second transmission line 601B 
Which has a magnitude that depends on the trise, di1(t)/dt, of 
the current i1(t) in the driven transmission line 601A, and the 
mutual inductance coupling (M) betWeen neighboring trans 
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mission lines, e.g. 601A and 601B. Each transmission line, 
601A and 601B, has an inductance (L). As stated above, 
Lz0.2 nH for a 0.1 cm transmission line, 601A and 601B. In 
one exemplary embodiment, the current i l(t) in the ?rst 
transmission line, 601A (in this example the “driven line”) 
rises to 1 mA in 100 ps. A current, dil(t)/dt, of approximately 
l><l07 A/ sec is then produced on the ?rst transmission line 
601A. As presented above in connection With FIGS. 3A and 
3B, the mutual inductance coupling (M) can be expressed as 
M=L><{l/[l+(s/h)2]}. In one exemplary embodiment, s is 
approximately equal to 3 pm, and h is approximately equal 
to 0.7 um. In this embodiment, M Will equate to approxi 
mately M=0.02 nano Henrys (nH). 

[0057] Using the relationship that the induced voltage 
(Vmd)=M><di1(t)/dt, Vind is approximately equal to 0.2 mV. 
During this 100 ps time period the induced voltage traveling 
doWn the second transmission line 601B just sees the 
characteristic impedance Zo of the second transmission line 
601B. In one embodiment Z0 is approximately 30 Ohms, so 
here, the current induced i2(t) in the second transmission line 
is i2(t) =V1nd/ Zo or 0.007 mA. This loW value current is 
only approximately one percent (1%) of the signal current 
il(t) on the ?rst transmission line, 601A. Hence, a large 
signal to noise ratio (SNR) results. In contrast, under the 
prior technology, if high impedance capacitive loads had 
been used on high characteristic impedance lines and con 
ventional voltage signaling employed there is typically a 
large noise voltage betWeen the neighboring transmission 
lines, 601A and 601B. In the prior technology, the large 
noise voltage can be about one half as big as signal voltages. 

[0058] The second transmission line 601B has an equiva 
lently rapid time constant, (L/R) to that of the ?rst trans 
mission line 601A. In the embodiment presented above, the 
time constant is approximately 7 pico seconds (ps). The 
noise current i2(t) in the second transmission line 601B Will 
reach a steady state in that time constant. The noise current 
stays at this steady state value until the end of trise, in this 
embodiment 100 ps, at Which point i1(t) stops changing. 
After this, the noise current in the second line decays aWay 
very quickly. Again, When the input impedance seen by the 
driver 603 is matched to the characteristic impedance Zo of 
the ?rst transmission line 601A, the signal to noise ratio 
(SNR) due to inductive coupling betWeen the ?rst transmis 
sion line 601A and the second, or neighboring, transmission 
line 601B is of the order, (L/M) (trise/tprop). In other 
embodiments, the actual mutual inductance and self induc 
tances may vary from these given values Without departing 
from the scope of the invention. 

[0059] FIGS. 7A-7F illustrate an embodiment of a pro 
cess of fabrication of transmission lines in an integrated 
circuit according to the teachings of the present invention. 
The sequence of the process can be folloWed as a method for 
forming integrated circuit lines and as a method for forming 
transmission lines in a memory device. 

[0060] FIG. 7A shoWs the structure after the ?rst 
sequence of processing. A ?rst layer of electrically conduc 
tive material 720 is formed on a substrate 710. The ?rst layer 
of electrically conductive material 720 is formed on the 
substrate 710 by depositing a conducting ?lm of high 
conductivity using a technique such as evaporation, sputter 
ing or electroplating. In one embodiment, the ?rst layer of 
electrically conductive material 720 is a ground plane. In an 
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alternative embodiment, the ?rst layer of electrically con 
ductive material 720 is a poWer plane. In a further embodi 
ment, the ?rst layer of electrically conductive material 720 
has a thickness (tCMl) of approximately 3 to 5 micrometers 
(pm). In further embodiments, the ?rst layer of electrically 
conductive material 720 is coupled to a poWer supply or a 
ground potential, alloWing this layer to function as a direct 
current (DC) bus. In one embodiment, the ?rst layer of 
electrically conductive material 720 includes copper. In 
another embodiment, the ?rst layer of electrically conduc 
tive material 720 includes aluminum. In still another 
embodiment, the ?rst layer of electrically conductive mate 
rial 720 includes any other suitably conductive material. In 
one embodiment, the substrate 710 is a bulk semiconductor 
(e.g., material from the Si, SiGe and GaAs family). In an 
alternative embodiment, the substrate 710 is an insulator 
material. In another embodiment, the substrate 710 is a SOI 
(Silicon-On-Insulator) material. 
[0061] FIG. 7B illustrates the structure folloWing the next 
sequence of processing. A ?rst layer of insulating material 
730 is formed on the ?rst layer of electrically conductive 
material 720. In one embodiment, the ?rst layer of insulating 
material 730 is formed by chemical vapor deposition 
(CVD). In one embodiment, the ?rst layer of insulating 
material 730 is an oxide layer (e.g., SiO2). In an alternative 
embodiment, the ?rst layer of insulating material 730 is an 
insulator With having a dielectric constant equivalent to or 
greater that a dielectric constant of SiO2. According to the 
teachings of the present invention, the ?rst layer of insulat 
ing material 730 has a thickness (tIMl) of less than 1.0 pm. 
FIG. 7C illustrates the structure folloWing the next sequence 
of processing. A pair of electrically conductive lines 740A 
and 740B are formed on the ?rst layer of insulating material 
730. In one embodiment, the pair of electrically conductive 
lines 740A and 740B have a Width (WCL) Which is approxi 
mately equal to 1.0 micrometers (um). HoWever, the inven 
tion is not so limited. In one embodiment, the thickness (tCL) 
of the electrically conductive lines, 740A and 740B is equal 
to or less than 1.0 micrometers (um). As one of ordinary skill 
in the art Will appreciate upon reading the present disclosure, 
one embodiment of the present invention includes electri 
cally conductive lines 740A and 740B formed according to 
the above described dimensions and separated from the 
substrate by an insulator having a thickness (b) of less than 
1.0 micrometers (um). In one embodiment, the pair of 
electrically conductive lines 740A and 740B are formed 
using optical lithography folloWed by an additive metalli 
Zation, such as lift-olf evaporation or electroplating, both of 
Which are loW-temperature processing. 

[0062] FIG. 7D illustrates the structure folloWing the next 
sequence of processing. A transmission line 750 is formed 
on the ?rst layer of insulating material 730. In particular, the 
transmission line 750 is formed betWeen and in parallel With 
the pair of electrically conductive lines 740A and 740B. In 
one embodiment, the transmission line 750 has a Width 
(WTL) Which is approximately equal to 1.0 micrometers 
(um). HoWever, the invention is not so limited. In one 
embodiment, the transmission line 750 is formed With a 
thickness (tTL) of 1.0 micrometers (pm) or less. In one 
embodiment, the transmission line 750 is formed according 
to embodiments described in application Ser. No. 09/247, 
680, entitled “Current Mode Signal Interconnects and 
CMOS Ampli?er,” ?led on Feb. 9, 1999. Similar to the 
processing of FIG. 7C, the transmission line 750 can be 
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formed using optical lithography followed by an additive 
metalliZation, such as lift-off evaporation or electroplating, 
both of Which are loW-temperature processing. 

[0063] FIG. 7E illustrates the structure following the next 
sequence of processing. A second layer of insulating mate 
rial 760 is formed on the pair of electrically conductive lines 
740A and 740B and the transmission line 750. In one 
embodiment, the second layer of insulating material 760 is 
formed by chemical vapor deposition (CVD). In one 
embodiment, the second layer of insulating material 760 is 
an oxide layer (e.g., SiO2). In an alternative embodiment, the 
second layer of insulating material 760 is an insulator having 
a dielectric constant Which is equivalent to or greater than 
SiO2. In yet another embodiment, the second layer of 
insulating material 760 is an insulator having a dielectric 
constant Which is less than that of SiO2. In one embodiment 
of FIG. 7E, the second layer of insulating material 760 has 
a thickness (tIMZ) Which is at least 50% greater than a 
thickness (tCL) of the pair of electrically conductive lines 
740A and 740B and the transmission line 750. Advanta 
geously, this level of thickness insures step coverage at the 
conductor corners. 

[0064] FIG. 7F illustrates the structure folloWing the next 
sequence of processing. A second layer of electrically con 
ductive material 770 is formed on the second layer of 
insulating material 760. The second layer of electrically 
conductive material 770 is formed on the second layer of 
insulating material 760 by depositing a conducting ?lm of 
high conductivity using a technique such as evaporation, 
sputtering or electroplating. In one embodiment, the second 
layer of electrically conductive material 770 is a ground 
plane. In an alternative embodiment, the second layer of 
electrically conductive material 770 is a poWer plane. In a 
further embodiment, the second layer of electrically con 
ductive material 770 has a thickness (tCM2) of approximately 
3 to 5 micrometers (pm). In further embodiments, the second 
layer of electrically conductive material 770 is coupled to a 
poWer supply or a ground potential, alloWing this layer to 
function as a direct current (DC) bus. In one embodiment, 
the second layer of electrically conductive material 770 
includes copper. In another embodiment, the second layer of 
electrically conductive material 770 includes aluminum. In 
still another embodiment, the second layer of electrically 
conductive material 770 includes any other suitably conduc 
tive material. 

[0065] FIGS. 8A-8F illustrate another embodiment of a 
process of fabrication of transmission lines in an integrated 
circuit according to the teachings of the present invention. 
The sequence of the process can be folloWed as a method for 
forming integrated circuit lines and as a method for forming 
transmission lines in a memory device. 

[0066] FIG. 8A shoWs the structure after the ?rst 
sequence of processing. A ?rst layer of electrically conduc 
tive material 820 is formed on a substrate 810. The ?rst layer 
of electrically conductive material 820 is formed on the 
substrate 810 by depositing a conducting ?lm of high 
conductivity using a technique such as evaporation, sputter 
ing or electroplating. In one embodiment, the ?rst layer of 
electrically conductive material 820 is a ground plane. In an 
alternative embodiment, the ?rst layer of electrically con 
ductive material 820 is a poWer plane. In a further embodi 
ment, the ?rst layer of electrically conductive material 820 
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has a thickness (tcMl) of approximately 3 to 5 micrometers 
(pm). In further embodiments, the ?rst layer of electrically 
conductive material 820 is coupled to a poWer supply or a 
ground potential, alloWing this layer to function as a direct 
current (DC) bus. In one embodiment, the ?rst layer of 
electrically conductive material 820 includes copper. In 
another embodiment, the ?rst layer of electrically conduc 
tive material 820 includes aluminum. In still another 
embodiment, the ?rst layer of electrically conductive mate 
rial 820 includes any other suitably conductive material. In 
one embodiment, the substrate 810 is a bulk semiconductor 
(e.g., material from the Si, SiGe and GaAs family). In an 
alternative embodiment, the substrate 810 is an insulator 
material. In another embodiment, the substrate 810 is a SOI 
(Silicon-On-Insulator) material. 

[0067] FIG. 8B illustrates the structure folloWing the next 
sequence of processing. A ?rst layer of insulating material 
830 is formed on the ?rst layer of electrically conductive 
material 820. In one embodiment, the ?rst layer of insulating 
material 830 is formed by chemical vapor deposition 
(CVD). In one embodiment, the ?rst layer of insulating 
material 830 is an oxide layer (e.g., SiO2). In an alternative 
embodiment, the ?rst layer of insulating material 830 is an 
insulator having a dielectric constant Which is equivalent to 
or greater than SiO2. According to the teachings of the 
present invention, the ?rst layer of insulating material 830 
has a thickness (tIM1) of less than 1 pm. 

[0068] FIG. 8C illustrates the structure folloWing the next 
sequence of processing. A pair of electrically conductive 
lines 840A and 840B are formed on the ?rst layer of 
insulating material 830. In one embodiment, the pair of 
electrically conductive lines 840A and 840B have a Width 
(WCL) Which is approximately equal to 1.0 micrometers 
(um). HoWever, the invention is not so limited. In one 
embodiment, the Width (WCL) of the electrically conductive 
lines, 840A and 840B is approximately 1.0 micrometers 
(pm). As one of ordinary skill in the art Will appreciate upon 
reading the present disclosure, one embodiment of the 
present invention includes electrically conductive lines 
840A and 840B formed according to the above described 
dimensions and separated from the substrate by an insulator 
having a thickness (b) of less than 1.0 micrometers (um). In 
one embodiment, the pair of electrically conductive lines 
840A and 840B are formed using optical lithography fol 
loWed by an additive metalliZation, such as lift-off evapo 
ration or electroplating, both of Which are loW-temperature 
processing. 

[0069] FIG. 8D illustrates the structure folloWing the next 
sequence of processing. A pair of transmission lines 850A 
and 850B are formed on the ?rst layer of insulating material 
830. In particular, the pair of transmission lines 850A and 
850B are formed betWeen and parallel With the pair of 
electrically conductive lines 840A and 840B. In one embodi 
ment, the pair of transmission lines 850A and 850B have a 
Width (WTL) Which is approximately equal to 1.0 microme 
ters (um). HoWever, the invention is not so limited. In one 
embodiment, the pair of transmission lines 850A and 850B 
are formed With a thickness (tTL) equal to 1.0 micrometers 
(pm) or less. In one embodiment, the pair of transmission 
lines 850A and 850B are formed according to embodiments 
described in application Ser. No. 09/247,680, entitled “Cur 
rent Mode Signal Interconnects and CMOS Ampli?er,” ?led 
on Feb. 9, 1999. Similar to the processing of FIG. 8C, the 
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pair of transmission lines 850A and 850B can be formed 
using optical lithography followed by an additive metalli 
Zation, such as lift-off evaporation or electroplating, both of 
Which are loW-temperature processing. 

[0070] FIG. 8E illustrates the structure folloWing the next 
sequence of processing. A second layer of insulating mate 
rial 860 is formed on the pair of electrically conductive lines 
840A and 840B and the pair of transmission lines 850A and 
850B. In one embodiment, the second layer of insulating 
material 860 is formed by chemical vapor deposition 
(CVD). In one embodiment, the second layer of insulating 
material 860 is an oxide layer (e.g., SiO2). In an alternative 
embodiment, the second layer of insulating material 860 is 
an insulator having a dielectric constant Which is equivalent 
to or greater than SiO2. In yet another embodiment, the 
second layer of insulating material 860 is an insulator having 
a dielectric constant Which is less than that of SiO2. In one 
embodiment of FIG. 8E, the second layer of insulating 
material 860 has a thickness (tIMZ) Which is at least 50% 
greater than a thickness (tCL) of the pair of electrically 
conductive lines 840A and 840B and the pair of transmission 
lines 850A and 850B. Advantageously, this level of thick 
ness insures step coverage at the conductor comers. 

[0071] FIG. 8F illustrates the structure folloWing the next 
sequence of processing. A second layer of electrically con 
ductive material 870 is formed on the second layer of 
insulating material 860. The second layer of electrically 
conductive material 870 is formed on the second layer of 
insulating material 860 by depositing a conducting ?lm of 
high conductivity using a technique such as evaporation, 
sputtering or electroplating. In one embodiment, the second 
layer of electrically conductive material 870 is a ground 
plane. In an alternative embodiment, the second layer of 
electrically conductive material 870 is a poWer plane. In a 
further embodiment, the second layer of electrically con 
ductive material 870 has a thickness (tCM2) of approximately 
3 to 5 micrometers (pm). In further embodiments, the second 
layer of electrically conductive material 870 is coupled to a 
poWer supply or a ground potential, alloWing this layer to 
function as a direct current (DC) bus. In one embodiment, 
the second layer of electrically conductive material 870 
includes copper. In another embodiment, the second layer of 
electrically conductive material 870 includes aluminum. In 
still another embodiment, the second layer of electrically 
conductive material 870 includes any other suitably conduc 
tive material. 

[0072] FIG. 9 is a block diagram Which illustrates an 
embodiment of a system 900 using line signaling according 
to teachings of the present invention. The system 900 
includes a loW output impedance driver 910 having a driver 
impedance, as is Well knoWn in the art. The loW output 
impedance driver 910 is coupled to a transmission line 
circuit 920. Embodiments of the transmission line circuit 
920 are described and presented above With reference to 
FIGS. 3-8. Moreover, the system 900 includes a termination 
circuit 930 having a termination impedance that is matched 
to the impedance of the transmission line circuit 920. 

[0073] FIG. 10 is a block diagram Which illustrates an 
embodiment of a system 1000 according to teaching of the 
present invention. The system 1000 includes an integrated 
circuit 1010. The integrated circuit 1010 includes the trans 
mission line circuit described and presented above With 
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reference to FIGS. 3-8. Additionally, the system 1000 
includes a processor 1020 that is operatively coupled to the 
integrated circuit 1010. The processor 1020 is coupled to the 
integrated circuit 1010 through a system bus 1030. In one 
embodiment, the processor 1020 and the integrated circuit 
1010 are on the same semiconductor chip. 

Conclusion 

[0074] Thus, improved methods and structures are pro 
vided using capacitive techniques to reduce noise in high 
speed interconnections, such as those used in CMOS inte 
grated circuits. The present invention also olfers a reduction 
in signal delay. Moreover, the present invention further 
provides a reduction in skeW and crosstalk. Embodiments of 
the present invention also provide the fabrication of 
improved transmission lines for silicon-based integrated 
circuits using conventional CMOS fabrication techniques. 

[0075] Although speci?c 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 speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. It is to be understood that the above description 
is intended to be illustrative, and not restrictive. Combina 
tions of the above embodiments, and other embodiments 
Will be apparent to those of skill in the art upon revieWing 
the above description. The scope of the invention includes 
any other applications in Which the above structures and 
fabrication methods are used. The scope of the invention 
should be determined With reference to the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. 

What is claimed is: 
1. A memory comprising: 

a bottom plane of electrically conductive material dis 
posed on a substrate; 

a layer of a insulating material disposed on the bottom 
plane, the layer of insulating material having a thick 
ness of less than 1.0 micrometer (um); and 

a transmission line disposed on the layer of insulating 
material. 

2. The memory of claim 1, Wherein the transmission line 
has a thickness equal to the thickness of the layer of 
insulating material. 

3. The memory of claim 1, Wherein the transmission line 
has a thickness greater than the thickness of the layer of 
insulating material. 

4. The memory of claim 3, Wherein the transmission line 
has a Width such that its thickness substantially equals its 
Width. 

5. The memory of claim 1, Wherein the transmission line 
has a thickness and a Width such that the thickness is less 
than the Width. 

6. The memory of claim 1, Wherein the transmission line 
has a Width of approximately 1.0 micrometers such that the 
thickness of the insulating layer is at most three-fourths of 
the Width. 

7. The memory of claim 1, Wherein the memory includes 
a conductive plane disposed above the transmission line. 
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8. The memory of claim 7, wherein the conductive plane 
includes a power plane. 

9. The memory of claim 1, Wherein the memory includes 
a dielectric disposed on and contacting the transmission line, 
the dielectric material having a dielectric constant di?cerent 
from that of silicon oxide. 

10. The memory of claim 1, Wherein the memory includes 
another transmission line such that the transmission lines are 
capacitively coupled to each other and are separated from 
each other by approximately 3.0 um, each transmission line 
having a length of at least 50 um. 

11. A memory comprising: 

a bottom ground plane formed on a substrate; 

a layer of insulating material formed on the bottom 
ground plane, Wherein the layer of insulating material 
has a thickness of less than 1.0 micrometers (pm); 

a pair of electrically conductive lines formed on the layer 
of insulating material; 

a pair of dilTerential signal lines formed on the layer of 
insulating material, the pair of dilTerential signal lines 
betWeen and parallel With the pair of electrically con 
ductive lines; and 

a top ground plane formed above the layer of insulating 
material. 

12. The memory of claim 11, Wherein the bottom and top 
ground planes have a thickness of approximately 3 to 5 
micrometers (um). 

13. The memory of claim 11, Wherein the top and bottom 
ground planes include copper. 

14. The memory of claim 11, Wherein the pair of electri 
cally conductive lines and the pair of dilTerential signal lines 
have a Width and a thickness of approximately 1.0 um. 

15. The memory of claim 11, Wherein the pair of electri 
cally conductive lines and the pair of dilTerential signal lines 
have a thickness of less than 1.0 pm. 

16. The memory of claim 11, Wherein a ?rst end of each 
of the pair of dilTerential signal lines is coupled to a loW 
output impedance driver having a driver impedance and 
Wherein a second end of each of the pair of di?cerential signal 
lines is coupled to a termination circuit having a termination 
impedance that is matched to the driver impedance. 

17. The memory of claim 11, Wherein the substrate 
includes a bulk semiconductor. 

18. The memory of claim 11, Wherein the di?cerential 
signal lines are con?gured in a dilTerential line circuit in a 
dynamic random access memory (DRAM). 
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19. A memory comprising: 

a bottom ground plane disposed on a substrate; 

a ?rst layer of a ?rst insulating material disposed on the 
bottom ground plane, the ?rst layer of the ?rst insulat 
ing material having a thickness of less than 1.0 
micrometer (pm); 

a pair of electrically conductive lines disposed on the ?rst 
layer of the ?rst insulating material; 

a transmission line disposed on the ?rst layer of the ?rst 
insulating material, the transmission line arranged 
betWeen and parallel With the pair of electrically con 
ductive lines; and 

a second layer of a second insulating material disposed on 
the electrically conductive lines and on the transmis 
sion line. 

20. The memory of claim 19, Wherein the bottom ground 
plane includes a metal ground plane. 

21. The memory of claim 19, Wherein the ?rst insulating 
material and the second insulating material have a common 
composition. 

22. The memory of claim 19, Wherein the second insu 
lating material has a composition having a dielectric con 
stant di?cerent from that of the ?rst insulating material. 

23. The memory of claim 22, Wherein the ?rst insulating 
material is silicon oxide. 

24. The memory of claim 19, Wherein the transmission 
line has a thickness and each of the electrically conductive 
lines has a thickness such that the transmission line and the 
pair of electrically conductive lines have substantially the 
same thickness and the second insulating material has a 
thickness equal to or greater than 50% larger than the 
thickness of the transmission line. 

25. The memory of claim 19, Wherein the transmission 
line has a Width and a thickness of approximately 1.0 pm. 

26. The memory of claim 19, Wherein the electrically 
conductive lines have a Width of approximately 1.0 um and 
a thickness equal to or less than 1.0 pm. 

27. The memory of claim 19, Wherein the substrate 
includes a SiGe-based substrate. 

28. The memory of claim 19, Wherein the substrate 
includes a GaAs-based substrate. 


