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{57] ABSTRACT 

A method and apparatus for reducing interconnection 
capacitance. A lightly doped buried layer is provided in 
or on a substrate below a field oxide region. The capaci­
tance of an interconnect on the field oxide is signifi• 
cantly reduced by the lightly doped buried layer. When 
using a p-type substrate, the lightly doped buried layer 
may, for example, be a lightly doped (1Ql3/cm3) n-type 
region. Junction capacitance of, for example, a bipolar 
transistor is also reduced. 

15 Claims, 4 Drawing Sheets 
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2 
and the substrate. This p-n junction creates an addi­
tional capacitance in series with the capacitance pro­
vided by the oxide. 

METHOD AND APPARATUS FOR 
IMPROVEMENT OF INTERCONNECTION 

CAPACITANCE In some embodiments the invention provides a 
5 5-50% or greater decrease in interconnect-to-substrate 

This is a continuation Ser. No. 391,344 filed Aug. 9, capacitance. The invention also provides for reduced 
1989. collector to substrate junction capacitance in bipolar 

BACKGROUND OF THE INVENTION transistors and improved tub-to-substrate capacitance in 
MOS capacitors and transistors. 

The present invention relates to the field of semicon- 10 Accordingly, in one embodiment the invention com-
ductor devices, their use, and manufacture. More par- prises a substrate having a major surface, the substrate 
ticularly, in one embodiment the present invention pro- having a first conductivity type; a lightly doped region 
vides an improved method and structure for reducing at the major surface; a dielectric region adjacent the 
or improving substrate and interconnection capacitance lightly doped region and opposite the substrate; and a 
in a semiconductor device. 15 conductive region on the dielectric region, the conduc-

Semiconductor devices are presently characterized tive region connecting a first device and a second re-
by very small intrinsic delays as a consequence of a gion on the substrate. The lightly doped region, in pre-
wide variety of improvements in their architecture, ferred embodiments, is of an opposite conductivity 
processing, and use. Self alignment techniques, im- type. 
provements in lithography techniques, and improve- 20 In an alternative embodiment the semiconductor 
ments in dry etching techniques are exemplary of the structure provided by the invention comprises or con-
changes which have resulted in devices having small sists essentially of at least a first device and a second 
intrinsic delays. 

As semiconductor devices and their fabrication tech- device on a substrate, the substrate being of a first con-
niques have improved, the capacitance associated with 25 ductivity type; a field oxide region between the first and 

the second device; an interconnection between the first interconnection lines plays an increasingly dominant 
role in the speed performance of an integrated circuit. and the second device on the field oxide region; and a 
An interconnect in an integrated circuit may include, lightly doped region on the substrate between the field 
for example, a metal or polysilicon layer deposited on a oxide region and the substrate. The lightly doped region 
field oxide region. The field oxide region serves to ere- 30 i~ preferably doped to provide a net dopant concentra-
ate a high threshold voltage for a parasitic metal-insula- t10n of less than about l015/cm3 and most preferably 
tor-silicon (MIS) device formed by the interconnection, between about 1012 and l014/cm3. In most preferred 
the oxide, and the substrate. A heavily doped region embodiments, the lightly doped region is doped to a 
below the oxide may be provided for better device concentration of about 1Q13/cm3. In alternative embodi-
isolation between, for example, adjacent bipolar transis- 35 ments the lightly doped region is doped to a concentra-
tors. tion of at least about one order of magnitude less than 

It is well known that device performance is impacted the substrate and preferably between two and four or-
by the capacitance between the interconnect and the ders of magnitude less than the substrate. 
underlying substrate. Proposed solutions to the prob- A process of forming a semiconductor structure is 
lems of interconnection capacitance include increasing 40 also disclosed, as well as its resulting structure. In one 
the thickness of the field oxide used for isolation be- embodiment a structure is formed by the process of 
tween devices, increasing substrate resistivity, and the providing a substrate having a major surface, the sub-
like. strate having a first conductivity type; on the major 

While meeting with some success, some prior solu- surface, providing a lightly doped region; on the lightly 
tions result in insufficient reductions in interconnect 45 doped region, providing a field m:ide region; and on the 
capacitance, particularly when applied to very small field oxide region, providing a conductive material, the 
devices. Other solutions are uneconomical or create conductive material connecting a first and a second 
unacceptable complexities in the fabrication process. device formed on the substrate. 
For example, significant increases in dielectric thickness 
may result in unacceptable encroachment, high defect 50 
density, or unacceptable topology in some devices. In 
spite of attempts to reduce interconnect capacitance, 
interconnect capacitance plays an increasingly signifi­
cant role in device performance. Accordingly, an im­
proved method of decreasing interconnect capacitance 55 
is needed. 

SUMMARY OF THE INVENTION 

An improved process and apparatus for reducing 
interconnect to substrate capacitance is disclosed. In 60 
one embodiment the invention provides for the use of a 
lightly doped buried layer between an interconnection 
and the substrate. As used herein, an "interconnection" 
includes, for example, local interconnects, wiring leads, 
and/or their associated bonding pads. The lightly 65 
doped buried layer is preferably of opposite conductiv-
ity type from the substrate and creates a p-n junction 
having a large depletion region between the field oxide 

BRIEF DESCRIPTION OF THE ORA WINGS 

FIG. 1 is a detailed view of an interconnect which 
illustrates the components which contribute to the ca­
pacitance of the interconnect; 

FIG. 2 is a cross-section of a semiconductor intercon­
nect structure according to one embodiment of the 
invention; 

FIG. 3 is a cross-section of a bipolar transistor and a 
resistor in an integrated circuit according to one em­
bodiment of the invention; 

FIG. 4 is a sample concentration profile for the de­
vice shown in FIG. 3; 

FIG. Sis a dopant profile used to estimate the effect 
of an LDBL on the periphery component of Cjs; 

FIGS. 6a to 6d illustrate one possible process for 
forming a structure according to the invention; 

FIG. 7 illustrates the reduction in capacitance 
achieved according to one embodiment of the invention 
as a function of oxide thickness and LDBL thickness; 
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FIG. 8 illustrates reduction in capacitance for a 3-lead 
device as a function of metal spacing and LDBL thick­
ness; 

FIG. 9 illustrates capacitance as a function of lead 
width and LDBL thickness; 

FIG. 10 illustrates the reduction in switching time 
versus switching current and LDBL thickness for a 
single lead; and 

FIG. 11 illustrates the reduction in switching time 
versus switching current and LDBL thickness for a 
3-lead device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Contents 

I. General 
II. Application to a Bipolar Device 
III. Process Flow 
IV. Example 1 
V. Example 2 
VI. Example 3 
VII. Application to a MIS Device 
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4 
c) the capacitance of the interconnect to other metal 

layers (Cn), which is primarily a function of the 
thickness of the second oxide layer (tox2), the thick­
ness of the interconnect, (tc) and the permittivity of 
the oxide (fox). 

In many devices, the capacitance of the interconnect 
to the substrate, Cg, plays a significant role in device 
performance. Accordingly, improvements in this capac­
itance value can result in significant improvements in 

10 overall device performance. 
The invention herein provides for a lightly doped 

buried layer in the device, as shown in FIG. 2 in which 
similar features are provided with like reference numer­
als. The lightly doped buried layer 14 (referred to else-

15 where herein as the LDBL) is provided below the oxide 
6 and extends horizontally from the interconnect 2. The 
LDBL is lightly doped, preferably with a dopant mate­
rial having a conductivity type opposite that of the 
substrate 8. In the example shown in FIGS. 1 and 2, the 

20 substrate is p-type and, accordingly, the LDBL is doped 
with an n-type material, most commonly arsenic or 
phosphorous, but, alternatively, other group V ele­
ments, group IV elements such as tin, silicon (when 

I. General used as a substitute for gallium in gallium arsenide), and 
25 the like. In one embodiment, the LDBL is doped to a 

FIG. 1 illustrates the capacitance components of a net concentration of below about lQ14/cm3to lQ15/cm3. 
typical interconnection 2. Interconnect 2 may act as an In a preferred embodiment the net dopant concentra-
interconnect between, for example, bipolar transistors, tion in the LDBL is between about 1012 and lQ14/cm3 
MIS transistors, p-n diodes, Schottky diodes, resistors, depending upon a variety of factors including the sub-
MIS capacitors, or any of a wide variety of other semi- 30 strate doping concentration. In most preferred embodi-
conductor devices. Alternatively, interconnect 2 may ments the LDBL has a net dopant concentration qf 
extend from a device to a bonding pad or the like. Inter- about lQ13/cm3 with a substrate concentration of about 
connects 4a and 4b in some devices may be provided at lQ15 to lQ16/cm3. Alternatively, the net dopant concen-
adjacent locations horizontally displaced from intercon- tration of the LDBL usually will be less than the sub-
nect 2. 35 strate by at least one order of magnitude and preferably 

In,erconnects 2 and 4, which may be, for example between two and four orders of magnitude less than the 
metal, silicided polysilicon, heavily doped polysilicon, substrate. In most embodiments, the thickness of the 
or other conductive materials, are formed on an oxide LDBL is restricted to less than or equal to the thickness 
region, silicon nitride region, or other dielectric region of an adjacent p+ channel stop (not .shown in FIG. 2) 
6, which may be, for example, the field oxide region 40 to assure contact of the buried layer with the substrate. 
between two adjacent devices. The field oxide region is In some embodiments the LDBL is between about 1 
generally a deposited or grown oxide on a substrate 8. and 10 microns deep with depths of about 3 microns 
Portions of the substrate 8 may be heavily doped below preferred. 
the field oxide with, for example, a P or n type dopant Without wishing to be bound to any particular mode 
(not shown in FIG. 2). This heavily doped region serves 45 of operation, it is presently believed that due to the low 
as a channel stop between adjacent devices. carrier concentration in the LDBL, it will be depleted 

Optionally, an additional layer of oxide 10 is formed of majority carriers. Accordingly, a depletion region is 
on the interconnects 2 and 4 above which an additional created with an associated capacitance. This additional 
layer metal or other conductive material 12 is provided. capacitance (Cn) will act in series with the oxide capac-
The additional layer of metal 12 may also serve as an 50 itance, Cg. The total capacitance of the two elements 
interconnection for the device. acting in series will be roughly inversely proportional to 

The capacitance of the interconnect 2 is primarily a the sum of the reciprocals of the two capacitances. 
function of: Accordingly, total capacitance is reduced through the 

a) the capacitance of the interconnect to the substrate addition of the LDBL capacitance. In addition, the 
or ground due to the oxide (Cg) In the accumula- 55 junction capacitance adjacent bipolar transistors (Cjs) 
tion region of the MIS structure formed by the will be reduced as well, leading to further improve-
interconnect, the field oxide, and the substrate, this ments in the device operating speed. In MOS devices, 
component of capacitance is, in the case of a metal- tub-to-substrate capacitance will similarly be improved. 
oxide-semiconductor (MOS) device, primarily a Without the LDBL, the total capacitance of the inter-
function of the thickness of the field oxide (tox), the 60 connect (Cr) in some devices will be about: 
width of the interconnect (W), the thickness of the 
interconnect (tc), and the permittivity of the oxide 
(fox); 

b) the capacitance of the interconnect to the adjacent 
interconnects (C11), which is primarily a function 65 
of the distance between leads (D), the thickness of 
the interconnect (tc), and the permittivity of the 
oxide (€Ox); and 

Cr= Cg=Eox[I. I 5( W !Tax)+ 2.80{Zc/l0xl°"222) {I) 

where: 
Cg is the oxide contribution to the total substrate to 

interconnect capacitance Cr, 
Eox is the dielectric constant of the oxide; 
tox is the thickness of the oxide; 
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tc is the conductor thickness; and 
W is the conductor width; 
For a typical metal conductor using present produc­

tion technology, W=2 µm, tc=0.9 µm, and t0xis about 
1 µm. Accordingly, Cina typical device will be about 5 
0.17 tF/µm. 

FIG. 2 illustrates the width of the depletion region 
created by the LDBL. For a typical device in which the 
LDBL is doped to 1Ql3/cm3 and the substrate is doped 
to 1Ql6/cm3, the width of the depletion region in the 10 
LDBL (W n) will be more than 80 microns while the 
width of the depletion region in the substrate (Wp) will 
be about 0.8 microns. Accordingly, the depletion region 
will encompass essentially all of the LDBL up to rea­
sonable depths of the buried layer. Therefore, when the 15 
LDBL is introduced into the device as shown in FIG. 2, 
and assuming a p-type substrate concentration of about 
1 X 1Ql5/cm3 and an LDBL concentration of about 

6 
tor of the bipolar transistor and adjacent devices to the 
right of the resistor shown in FIG. 3. Typically, regions 
10a and 10c form a ring around the transistor, and re-
gion 10b isolates the collector contact from the transis­
tor. 

As shown in FIG. 3, the n- LDBL preferably en­
compasses as much of the integrated circuit as possible. 
In most preferred embodiments, the LDBL is provided 
across all of the substrate surface except those regions 
which act as a channel stop. The channel stops are 
preferably as small as possible while still providing 
effective device isolation. The channel stops are usually 
about 2 to 5 microns in width. Of course, some devices 
do not require isolation, and, therefore, the channel 
stops are not necessary to isolate such devices. 

1 X 1Ql3/cm3, equation (1) can be amended approxi­
mately as follows: 

(2) 

where: 

Above the oxide layer 10 a single layer of polysilicon 
may be used to form base contacts 22a and 22b, emitter 
contact 24, collector contact 26 resistor 18 on the sur­
face of the device. The polysilicon 28 used to form the 

20 resistor is usually doped with a p-type dopant in an 
amount necessary to achieve the desired resistance. 
Another oxide layer 30 is provided above the single 
layer of polysilicon or other contact and appropriate 

r' =lox+(EoxlE,;)ta, 

td=depletion width at the junction of the LDBL and 
substrate; and 

Es;=dielectric constant of the silicon. 

25 
contact holes are provided for the emitter, collector, 
and resistor. A metallization layer is provided above the 
second oxide layer and makes contact to the resistor 18 
and transistor 16 and, further, provides interconnections 
2, 4a, and 4b which may act as an interconnect to adja-

For a 3 µm LDBL, the equation (2) gives Cg=0.12 
tF/µm, which represents a 30% reduction in intercon- 30 
nection capacitance. 

II. Application to a Bipolar Device 

FIG. 3 illustrates an embodiment of the invention as 
it is applied to a device which includes a lateral npn 35 
bipolar transistor 16 and a resistor 18. It should be rec­
ognized that the invention is illustrated herein as it ap­
plies to a structure including a bipolar transistor and a 
resistor, but the invention is not so limited. The inven­
tion could be applied to the interconnect for a structure 40 
including any one of a wide variety of devices. For 
example, MIS transistors, p-n junction diodes, MIS 
capacitors, Schottky diodes, and combinations thereof 
are exemplary of devices which might be used in con-
junction with the invention. 45 

A substrate 8 is provided, which typically will be a 
p-type substrate having a dopant density of about 
1Q16/cm3. An n- doped LDBL 14 is provided in or 
adjacent the substrate and may be doped to, for exam­
ple, about 1Q13/cm3. In the embodiment shown in FIG. 50 
3, LDBL 14 is about 2 microns in thickness and is 
formed by ion implantation into the substrate, epitaxial 
deposition, or other well known process. Channel stops 
17a and 17b extend through the LDBL and into the 
substrate and, in the embodiment shown, are heavily 55 
doped with a p-type dopant. 

The bipolar transistor 16 includes an n + buried layer 
19, which is doped to a well known concentration and 
serves as the collector and to decrease the resistance of 
the collector contact 26. P-type dopant, also at a well 60 
known concentration, is provided in region 20 and 
serves as the base of the bipolar transistor 16. A thick 
oxide region 10a, typically about 1 to 3 microns thick, is 
provided between the transistor 16 and an adjacent 
transistor or other device to the left of the transistor 65 
shown in FIG. 3. A thick oxide region 10b is provided 
between the base and collector of the transistor 16, and 
a thick oxide region 10c is provided between the collec-

cent devices, bonding pads, or the like. By providing 
the LDBL below oxide under the interconnect, signifi­
cant reduction in substrate/ interconnect capacitance 
can be achieved. 

The transistor shown in FIG. 3 has the additional 
benefit of having reduced junction (collector to sub­
strate) capacitance. The magnitude of the collector 
junction to substrate capacitance, Cjs, effect on the 
delay depends on the specific type of device. In ECL 
circuits the contribution of Cjs to the gate-delay is par-
ticularly significant, especially at low current levels. In 
prior devices, the n+buried layer in NPN transistor 
forms a pn function with the p-type substrate. Due to 
high dopant concentration in the buried-layer, the Cjs 
capacitance will be proportional to 1/SQRT(Na), 
where Na is the substrate's dopir.g concentration. The 
collector-substrate capacitance, Cjs can normally be 
reduced by using high resistivity substrates. Using a 
high resistivity substrate will, however, increase the 
resistance of ground-taps which is not normally desir-
able. Employing the LDBL is a valuable alternative 
which will not compromise the ground-tap perfor-
mance. 

Using an LDBL as shown in FIG. 3, a pn junction 
will be formed between p-type substrate and the lightly 
doped n-type LDBL. The depletion capacitance 
formed in this case will have a smaller value due to low 
concentration of LDBL. Note that a p-type LDBL can 
be used instead of n-type LDBL, even with a p-type 
substrate, leading to similar reduction in Cjs, For the 
impurity profile shown in FIG. 4, analytical calcula­
tions indicate a reduction of more than 80% in Cjso 
(which is the area, or floor, component Cjs at thermal 
equilibrium). 

To estimate the LDBL effect on the periphery com­
ponent of Cjs, PISCES simulations were carried out. 
Plots of impurity concentration contours and depletion 
region for n+ to the p+ buried layers for a typical 
device are shown in FIG. S. 
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For a spacing of 3.5 µ.m between the n+ and p+ 

buried layers, simulations show an improvement of 
about 16% in the periphery component of CJs· There­
fore, about a 27% improvement in total CJs for a 1.0 by 
1.6 µ.m2 buried layer could be provided in a typical 5 
device using today's process technology. For larger 
transistors, the ·relative reduction in CJs will be even 
larger due to the reduction in periphery to area ratio. In 
processes with trench isolation the LDBL will also play 
a more significant role in reducing Cjs due to negligible 10 
periphery ccmponent. 

Ill. Process Flow 

FIGS. 6a to 6d illustrate one process which may be 
used to fabricate devices according to the invention 15 
herein. In FIG. 6a, a p-type substrate 8 is provided and 
an ion implantation using, for example, phosphorous, is 
performed using techniques readily known to those of 
skill in the art. The dose and energy of the implant, 
considering any later anneals of the implant, are ad- 20 
justed in a preferred embodiment so that the n-region 
18 is near intrinsic. In most preferred embodiments, the 
implant is adjusted so that the n-region 18 has a dopant 
concentration of between about 1Q12and 1Q14/cm3 and a 
depth of about 3 microns. In some embodiments, the 25 
implant shown in FIG. 6a is performed at an energy of 
about 180 KeV. 

Thereafter, as shown in FIG. 6b, the device is pro­
vided with a suitable mask 32 which is used to define the 
channel stops 16. A boron implant is performed using an 30 
implant energy and time sufficient for the channel stops 
to extend at least up to the bottom of the LDBL, taking 
into account later anneals. In preferred embodiments, 
the p+ channel stop implant is performed using an 
implant energy of about 50 KeV. Diffusion from the 35 
LDBL as well as autodoping from adjacent p+ and n + 
regions into the LDBL should be controlled by adjust­
ing the temperature and pressure of the process. 

After performing the p+ implant, the mask 32 is 
removed and a second mask 34 is deposited so as to 40 
define the n+ buried layer of a bipolar transistor. In 
preferred embodiments, the implant energy and time for 
formation of the n + buried layer are adjusted so that 
the buried layer does not extend through the LDBL. In 
preferred embodiments, _the implant for formation of the 45 
n + buried layer is performed using an implant of As at 
75 KeV. After forming then+ buried layer, the mask 
34 is removed and, using well known techniques, an 
n-type epitaxial layer is formed on the substrate. In 
preferred embodiments, the epitaxial layer is between 50 
about 0.8 and 2 microns thick. 

Thereafter, processing continues in a manner which 
is known to those of skill in the art to form transistors, 
diodes, resistors, and other desired devices on the sur­
face of the substrate. One possible method for forming 55 
MOS and bipolar transistors is disclosed in U.S. Pat. 
No. 4,764,480 (Vora), assigned to the assignee of the 
present invention and incorporated herein by reference 
for all purposes. 

It should be recognized that the process shown in 60 
FIG. 6 is merely illustrative of those which could be 
utilized to form devices in accord with the invention 
herein. For example, the LDBL could be formed by 
deposition of a near intrinsic n-type or p-type epitaxial 
layer in which the buried layer and channel stops would 65 
be formed. When using epitaxial deposition, excessive 
diffusion from the substrate to the LDBL can be pre­
vented by appropriate process temperature and pressure 

selection. Alternatively, the order of the process could 
be rearranged and, for example, a high energy implant 
could be used to form the LDBL after the buried layer 
and/or channel stops had been formed. 

IV. Example 1 

Device modeling was performed to demonstrate the 
efficacy of the invention. FIG. 7 shows the percentage 
improvement in interconnection-to-substrate (typically 
ground) capacitance for a variety of tox and LDBL 
thicknesses. The LDBL thickness was assumed to be 
equal to the depletion width. For a typical process with 
a field oxide thickness of l µ.m, using a 2 µ.m LDBL 
leads to about a 20% improvement in capacitance, as 
compared to the case without LDBL. 

In FIG. 8, percentage improvements in total capaci­
tance for three metal leads are presented as a function of 
metal spacing. The improvement in total capacitance in 
this case is. less than before. The contribution of the 
LDBL, however, can be still significant ifLDBL thick­
nesses greater than 3 µ.m are used. One apparent advan­
tage of using LDBL, as shown in FIG. 8, is that with 
increasing the LDBL thickness, the percentage varia­
tion in capacitance with metal spacing will increase. 
This is advantageous because it leads to better optimiza­
tion of capacitance with metal pitch or spacing. This 
occurs because, as the LDBL thickness is increased, the 
total capacitance will be dominated by capacitance to 
adjacent leads. The total capacitance will, therefore, 
become sensitive to spacing. 

In FIG. 9, the percentage reduction in total capaci­
tance after LDBL application is plotted versus metal 
width, W. Using wider interconnections results in 
larger reductions in total capacitance because the con­
tribution of the fringing capacitance, which is not af­
fected by LDBL, is reduced. 

V. Example 2 

To study the effect of the LDBL on the wiring and 
bonding pad capacitance, large area (100 µ.m2 X 100 
µ.m2) capacitors were fabricated on wafers with and 
without the LDBL The LDBL was formed by deposit­
ing near intrinsic epitaxial layer on a 10 ohm-cm boron 
doped substrate. Channel stop (boron) and buried layer 
(arsenic) implants were then performed on some of the 
wafers to serve as a control. Standard bipolar process­
ing was used to deposit a 0.5 ohm-cm epi layer, and 
form a 1.1 µ.m field oxide. 

Boron autodoping during the reduced pressure epi 
growth employed for these experiments limited the 
LDBL thickness to approximately 1.5 µ.m. A wider 
LDBL layer could be formed by compensating the 
substrate with an implant/diffusion cycle, thereby cap­
ping the boron doped substrate. Wafers which received 
no intrinsic epi and no implants showed approximately 
a 10% reduction in capacitance over those which re­
ceived the channel stop implant. The wafers which 
received the buried layer implant showed a 20%% 
reduction in capacitance and the wafers with the intrin­
sic epi showed a 30-40% reduction in capacitance. 

VI. Example 3 

An emitter coupled logic (ECL) gate was used to 
study the impact of the invention on wiring delay. For 
an unloaded gate, the LDBL will primarily reduce the 
collector-to-substrate capacitance. To study the LDBL 
effect on a loaded gate delay, a realistic picture of the 
interconnection routing must be provided. The wiring 
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loading effect on a "typical" gate in general will include 
a combination of all interconnection layers and is prod­
uct dependent. This complication was avoided herein 

10 
b) a lightly doped region along at least a portion of 

said major surface, said lightly doped region hav­
ing a dopant concentration less than said substrate; 

c) a dielectric region adjacent said lightly doped re­
gion, said dielectric region extending from a first 
device on said substrate to a transistor; and 

d) a conductive interconnect region on said dielectric 
region, said conductive interconnect region con­
necting said first device and said transistor, said 
lightly doped region extending under said conduc­
tive interconnect region for substantially all its 
length from said first device to said transistor. 

by considering several simpler cases. These cases in­
clude an unloaded gate, and a gate loaded with 100 µm 5 
of a single wire parallel with two grounded adjacent 
leads. Simulations were carried out for the different 
thicknesses of LDBL. For the unloaded ECL gate oper­
ating at a 100 µA of switching current using a 2 µm 

10 LDBL, an improvement in gate-delay of 7.5% was 
obtained, reflecting a 27% reduction in Cjso· Results of 
the wiring-delay simulations for 100 µm of interconnec­
tion loading are presented in FIGS. 10 and 11. Depend­
ing on the routing scheme and the LDBL thickness, the 
delay associated with the interconnection can be im­
proved in some embodiments from 8% to more than 
22% for ECL drivers operating at low switching cur-

3. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region is of an opposite 

15 conductivity type. 

rents. 

4. The structure as recited in claim 3 wherein said 
first conductivity type is p-type and said opposite con­
ductivity type is n-type. 

5. A semiconductor structure as recited in claim 1 or 
claim 2 wherein said first device is selected from the 
group bipolar transistors, MIS transistors, p-n diodes, 
Schottky diodes, MIS capacitors, interconnects, and 
resistors. 

6. The structure as recited in claim 1 or claim 2 
wherein said conductive region is selected from the 
group metal, heavily doped polysilicon, and metal sili­
cide. 

7. The structure as recited in claim 1 or claim 2 
wherein said first device is bounded by a channel stop, 
said channel stop comprising a heavily doped region of 
said first conductivity type. 

8. The structure as recited in claim 7 wherein said 
channel stop extends through said lightly), doped re­
gion and into said substrate. 

9. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region has a dopant concen­
tration of less than about 1Q14/cm3. 

10. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region has a dopant concen­
tration more than one order of magnitude less than said 
substrate. 

It is to be understood that the above description is 20 
intended to be illustrative and not restrictive. By way of 
example the invention herein could readily be applied in 
combination with other methods of reducing intercon­
nection capacitance. By way of further example, de­
vices have been used for illustration herein which pro- 25 
vide particular doping profiles and particular dopants, 
but these doping profiles could readily be modified and 
the role of n- and p-type dopants could be reversed. 
Also, while the invention has been described primarily 
with regard to silicon devices, the invention will also 30 

find application in gallium arsenide, germanium, and 
gallium phosphide devices. By way of further example, 
the invention could be applied to the interconnects of a 
wide variety of devices such as resistors, diodes (both 35 
pn junctions and MIS type), transistors (both bipolar 
and MIS). Schottky barrier diodes, MIS capacitors, 
charge-coupled devices, and combinations thereof. The 
scope of the invention should, therefore, be determined 
not with reference to the above description, but should 40 
instead be determined with reference to the appended 
claims, along with the full scope of equivalents to which 
such claims are entitled. 

11. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region has a dopant concen­
tration of between two and four orders of magnitude 

45 less than said substrate. 
What is claimed is: 
1. A semiconductor structure comprising: 
a) a substrate having a major surface, said substrate 

having a first conductivity type; 
b) a lightly doped region along at least a portion of 

said major surface, said lightly doped region hav­
ing a dopant concentration less than said substrate; 50 

c) a dielectric region adjacent said lightly doped re­
gion, said dielectric region extending from a first 
device on said substrate to a bonding pad; and 

d) a conductive interconnect region on said dielectric 55 
region, said conductive interconnect region con­
necting said first device and said bonding pad, said 
lightly doped region extending under said conduc­
tive interconnect region for substantially all its 
length from said first device to said bonding pad. 60 

2. A semiconductor structure comprising: 
a) a substrate having a major surface, said substrate 

having a first conductivity type; 

65 

12. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region has a dopant concen­
tration of between about 1012 and 1Q14/cm3. 

13. The structure as recited in claim 1 or claim 2 
wherein said lightly doped region has a dopant concen­
tration of about 1Q13/cm3. 

14. The structure as recited in claim 1 or claim 2 
wherein said first device is a bipolar transistor and 
wherein said lightly doped region extends under said 
bipolar transistor. 

15. The structure as recited in claim 14 wherein said 
lightly doped region is of an opposite conductivity type, 
and wherein said bipolar transistor comprises a heavily 
doped buried layer, said heavily doped buried layer 
being of said opposite conductivity type and extending 
partially through said lightly doped region of opposite 
conductivity type. 

• • • • • 




