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LOW RESISTANCE AND INDUCTANCE 
BACKSIDE THROUGH VIAS AND METHODS OF 

FABRICATING SAME 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of inte 
grated circuits; more specifically, it relates to backside 
through vias and methods of fabricating backside through 
vias for electrical connection to elements of integrated 
circuits. 

BACKGROUND OF THE INVENTION 

0002 There are many integrated circuit applications 
where it is desirable to reduce the resistance and inductance 
of signal lines in circuits normally associated with frontside 
wire bond pad connections. For example, because of the 
inductance associated with wire bond pad connections to the 
emitter of NPN hetero-junction bipolar transistors (HBT), 
the maximum practical operating frequency of circuits using 
NPN HBTs in wire bond packages is about 3 GHz even 
though the transistors are capable of running at higher 
frequencies. Therefore, there is a need for interconnect 
structures and methods of fabricating interconnect structures 
with reduced inductance and resistance for connecting sig 
nals to circuit elements of integrated circuits. 

SUMMARY OF THE INVENTION 

0003) A first aspect of the present invention is a method 
for forming a contact, comprising: forming a dielectric 
isolation in a Substrate, the Substrate having a frontside and 
an opposing backside; forming a first dielectric layer on the 
frontside of the substrate; forming a trench in the first 
dielectric layer, the trench aligned over and within a perim 
eter of the dielectric isolation and extending to the dielectric 
isolation; extending the trench formed in the first dielectric 
layer through the dielectric isolation and into the substrate to 
a depth less than a thickness of the substrate; filling the 
trench and co-planarizing a top surface of the trench with a 
top surface of the first dielectric layer to form an electrically 
conductive through via; and thinning the Substrate from the 
backside of the substrate to expose the through via. 
0004. A second aspect of the present invention is the first 
aspect, further including: forming a device contact opening 
in the first dielectric layer and simultaneously with the filling 
the trench and co-planarizing, filling the device contact 
opening and co-planarizing a top Surface of the filled device 
contact opening with a top surface of the first dielectric layer 
to form an electrically conductive device contact. 
0005. A third aspect of the present invention is the first 
aspect, further including: before forming the through via, 
forming a device contact opening in the first dielectric layer, 
filling the device contact opening and co-planarizing a top 
surface of the filled device contact opening with a top 
surface of the first dielectric layer to form an electrically 
conductive device contact. 

0006 A fourth aspect of the present invention is the first 
aspect, further including: after forming the through via, 
forming a device contact opening in the first dielectric layer, 
filling the device contact opening and co-planarizing a top 
surface of the filled contact opening with a top surface of the 
first dielectric layer to forman electrically conductive device 
COntact. 
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0007 A fifth aspect of the present invention is the first 
aspect, wherein said filling said trench includes: either 
forming a insulating layer on sidewalls and a bottom of said 
trench and forming a tungsten layer over said insulating 
layer, said tungsten layer of Sufficient thickness to fill said 
trench; or forming said tungsten layer on said sidewalls and 
said bottom of said trench, said tungsten layer of Sufficient 
thickness to fill said trench. 

0008. A sixth aspect of the present invention is the first 
aspect, wherein said filling said trench includes: either 
forming a insulating layer on sidewalls and a bottom of said 
trench, forming a conformal polysilicon layer over said 
insulating layer, and forming a tungsten layer over said 
polysilicon layer, said tungsten layer of Sufficient thickness 
to fill said trench; or forming said polysilicon layer on said 
sidewalls and said bottom of said trench; and forming a 
tungsten layer over said polysilicon layer, said tungsten 
layer of sufficient thickness to fill said trench. 
0009. A seventh aspect of the present invention is the first 
aspect, wherein said filling said trench includes: either 
forming a insulating layer on sidewalls and a bottom of said 
trench; forming a conformal tungsten layer over said insu 
lating layer, and forming an oxide layer over said tungsten 
layer, said oxide layer of sufficient thickness to fill said 
trench; or forming a conformal tungsten layer on said 
sidewalls and said bottom of said trench, and forming an 
oxide layer over said tungsten layer, said oxide layer of 
sufficient thickness to fill said trench. 

0010. An eighth aspect of the present invention is the first 
aspect, wherein said filling said trench includes: either 
forming a insulating layer on sidewalls and a bottom of said 
trench, forming a conformal polysilicon layer over said 
insulating layer, forming a conformal tungsten layer over 
said polysilicon layer, and forming an oxide layer over said 
tungsten layer, said oxide layer of Sufficient thickness to fill 
said trench; or forming a conformal polysilicon layer on said 
sidewalls and said bottom of said trench, forming a confor 
mal tungsten layer over said polysilicon layer, and forming 
an oxide layer over said tungsten layer, said oxide layer of 
sufficient thickness to fill said trench. 

0011) A ninth aspect of the present invention is the first 
aspect, further including: forming a hetero-junction bipolar 
transistor in and on said Substrate; forming a device contact 
in the first dielectric layer, the device contact in physical and 
electrical contact to an emitter of the hetero-junction bipolar 
transistor, and forming a wire in a second dielectric layer, 
the second dielectric layer formed over the first dielectric 
layer and the wire in direct physical and electrical contact 
with the device contact and the through via. 
0012. A tenth aspect of the present invention is the first 
aspect, wherein the trench extends to and contacts a buried 
oxide layer in the substrate and the thinning the substrate 
removes the buried oxide layer. 

BRIEF DESCRIPTION OF DRAWINGS 

0013 The features of the invention are set forth in the 
appended claims. The invention itself, however, will be best 
understood by reference to the following detailed descrip 
tion of an illustrative embodiment when read in conjunction 
with the accompanying drawings, wherein: 
0014 FIGS. 1A through 1E are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
according to a first embodiment of the present invention; 
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0.015 FIGS. 1F through 1H are cross-sectional drawings 
illustrating variations of backside interconnect structures 
according to the first embodiment of the present invention; 
0016 FIGS. 2A through 2E are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
according to a second embodiment of the present invention; 
0017 FIGS. 3A1 through 3A5 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a first variation of a third embodiment of 
the present invention; 
0018 FIGS. 3B1 through 3B3 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a second variation of the third embodiment 
of the present invention; 
0019 FIGS. 3C1 through 3C3 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a third variation of the third embodiment 
of the present invention; 
0020 FIGS. 4A1 through 4A3 are cross-sectional draw 
ings illustrating a first method of filling a through via or stud 
contact of the third embodiment of the present invention; 
0021 FIGS. 4B1 through 4B4 are cross-sectional draw 
ings illustrating a second method of filling a through via or 
stud contact of the third embodiment of the present inven 
tion; 

0022 FIGS. 4C1 through 4C4 are cross-sectional draw 
ings illustrating a third method of filling a through via or 
stud contact of the third embodiment of the present inven 
tion; 

0023 FIGS. 4D1 through 4D5 are cross-sectional draw 
ings illustrating a fourth method of filling a through via or 
stud contact of the third embodiment of the present inven 
tion; 

0024 FIGS. 5A and 5B are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
using alternative Substrate according to any of the variations 
of the third embodiment of the present invention; 
0.025 FIGS. 6A and 6B are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
according to a fourth embodiment of the present invention; 
and 

0026 FIG. 7 is a cross-sectional view of an exemplary 
hetero-junction bipolar transistor having a backside connec 
tion to a Substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027. A damascene process is one in which wire trenches 
or via openings (via openings may also be called via 
trenches) are formed in a dielectric layer, an electrical 
conductor of sufficient thickness to fill the trenches is 
deposited on a top surface of the dielectric, and a planariza 
tion process, such as a one or more of a chemical-mechani 
cal-polish (CMP) process or reactive ion etch (RIE) process, 
is performed to remove excess conductor and make the 
Surface of the conductor co-planer or Substantially co-planer 
with the surface of the dielectric layer to form damascene 
wires (or damascene vias). When only a trench and a wire 
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(or a via opening and a via) are formed the process is called 
single-damascene. Stud contacts (which are equivalent to 
single damascene wires and vias and which are formed in the 
first dielectric layer over the semiconductor substrate) are 
also formed using single-damascene processes. 

0028. A dual-damascene process is one in which wire and 
via openings are formed in a dielectric prior to metallization. 
For example, via openings are formed through the entire 
thickness of a dielectric layer followed by formation of 
trenches part of the way through the dielectric layer in any 
given cross-sectional view. (Alternatively, the wire trenches 
may be formed first, followed by formation of the via 
openings.) All via openings intended to conduct electric 
current are intersected by integral wire trenches above and 
by a wire trench below, but not all trenches need intersect a 
via opening. An electrical conductor of Sufficient thickness 
to fill the trenches and via opening is deposited on a top 
surface of the dielectric and a CMP process is performed to 
make the Surface of the conductor in the trench co-planer 
with the surface the dielectric layer to form dual-damascene 
wires and dual-damascene wires having integral dual-dama 
scene Vias. 

0029 FIGS. 1A through 1H are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
according to a first embodiment of the present invention. In 
FIG. 1A, a portion of an integrated circuit chip before dicing 
is illustrated. Formed on a substrate 100 is a first dielectric 
layer 105. Substrate 100 is also commonly called a "wafer.” 
First dielectric layer 105 may be a multilayer dielectric layer 
comprising, for example, a layer of silicon dioxide (SiO2) 
contacting substrate 100, a layer of silicon nitride on top of 
the silicon dioxide layer and a layer of phosphosilicate glass 
(PSG) or borophosphosilicate glass (BPSG) on top of the 
SiO. In a first example, substrate 100 is a bulk silicon 
substrate. In a second example, substrate 100 is a silicon on 
insulator (SOI) substrate. 
0030. Formed on top of first dielectric layer 105 is a 
second dielectric layer 110. Formed on top of second dielec 
tric layer 110 is a third dielectric layer 115. Formed on top 
of third dielectric layer 115 is a fourth dielectric layer 120. 
In one example, second, third and fourth dielectric layers 
110, 115 and 120 each comprising one or more layers of a 
low K (dielectric constant) material, hydrogen silsesquiox 
ane polymer (HSQ), methylsilsesquioxane polymer (MSQ), 
SiLKTM (polyphenylene oligomer) manufactured by Dow 
Chemical, Midland, Tex., Black DiamondTM (methyl doped 
silica or SiO,(CH4), or SiC.OH, or SiOCH) manufactured 
by Applied Materials, Santa Clara, Calif., organosilicate 
glass (SiCOH), porous SiCOH, a high, silicon dioxide 
(SiO), silicon nitride (SiN.), silicon carbide (SiC), silicon 
oxy nitride (SiON), silicon oxy carbide (SiOC), plasma 
enhanced silicon nitride (PSiN) or NBLok (SiC(N.H)). A 
low K dielectric material has a relative permittivity of about 
3 or less. Formed on top of fourth dielectric layer 120 is a 
insulating layer 125. In one example, insulating layer 125 
comprises a layer of SiO, SiN. polyimide or combinations 
of layers thereof. The use of four dielectric layers is exem 
plary and more or less dielectric layer and corresponding 
wires and vias may be used. 
0031. Formed partially in substrate 100 and partially in 

first dielectric layer 105 is an exemplary HBT 130. HBT 
130, may be replaced by other devices known in the art, such 



US 2007/0190692 A1 

as metal-oxide-silicon field effect transistor (MOSFET)s. 
standard bipolar transistors, diodes, thin film or diffused 
silicon Substrate resistors and thin film capacitors. (See also 
FIG. 8A). Formed partially in substrate 100 and partially in 
first dielectric layer 105 is an exemplary MOSFET 135. 
MOSFET 135, may be replaced by other devices known in 
the art, Such as standard bipolar transistors, diodes, resistors 
and capacitors. Formed in first dielectric layer 105 are stud 
contacts 140A, 140B and 140C. Since stud contacts 140A 
and 140C contact devices (i.e. HBT130 and MOSFET 135), 
stud contacts 140A and 140C may be called device contacts 
to distinguish them from contacts 140B which will be used 
to contact a through via as described infra. Formed in second 
dielectric layer 110 are damascene wires 145 and 150. 
Damascene wire 145 is in direct physical and electrical 
contact with stud contacts 140A and 140B and wire 150 is 
in direct physical and electrical contact with stud contact 
140C. Stud contact 140A is in direct physical and electrical 
contact with HBT130 (for example the emitter of HBT130). 
Stud contacts 140B are in direct physical contact with 
substrate 100 at this point in the fabrication. Stud contact 
140C is in direct physical and electrical contact with MOS 
FET 135 (for example, the gate of MOSFET 135). In one 
example, stud contacts 140A, 140B and 140C comprise a 
core conductor of tungsten (W) surrounded by a liner on the 
sidewalls and bottom of the core conductor, the liner com 
prising titanium (Ti), titanium nitride (TiN) or combinations 
of layers thereof. 
0032) Formed in third dielectric layer 115 is a dual 
damascene wire/via 155. Formed in fourth dielectric layer is 
a dual-damascene wirebond pad/vias 160A and 160B. In one 
example, dual-damascene wire/via 155 and dual-damascene 
wirebond pad/vias 160A and 160B comprise a core conduc 
tor of copper (Cu) surrounded by a liner on the sidewalls and 
bottom of the core conductor, the liner comprising Ta, TaN, 
tantalum silicon nitride (TaSiN), tungsten (W), tungsten 
nitride (WN), titanium nitride (TiN) or combinations of 
layers thereof. Dual-damascene wirebond pad/vias 160A 
and 160B may also include a layer of aluminum (Al) on the 
exposed top surface of the core conductor. 
0033. In FIG. 1B, substrate 100 is thinned to a thickness 
T1. In one example T1 is between about 100 microns and 
about 400 microns, (in one example about 150 microns). In 
one example, thinning of Substrate 100 may accomplished 
by backside grinding, wet etching or combinations thereof. 
Examples of suitable wet etchants include, but are not 
limited to aqueous tetrametylammonium hydroxide 
(TMAH), alcoholic potassium hydroxide (KOH) and other 
aqueous/alcoholic base Solutions. 
0034. In FIG. 1C, a through via opening 165 is etched 
from the backside of substrate 100, through the substrate, to 
expose first dielectric layer 105 and at least bottom surfaces 
of stud contacts 140B in the bottom of the through via. 
Through via opening 165 may be formed by applying a 
photoresist layer on the backside of Substrate, exposing the 
photoresist to actinic radiation and developing the exposed 
(positive resist) or unexposed (negative resist) and then 
reactive ion etching (RIE) the substrate. Combinations of 
RIE and wet etches may be used. Examples of suitable wet 
etchants include, but are not limited to aqueous tetramety 
lammonium hydroxide (TMAH), alcoholic potassium 
hydroxide (KOH) and other aqueous/alcoholic base solu 
tions. In one example the area of backside opening is 
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between about 2,500 square microns and about 10,000 
square microns with a depth of at least T1 (see FIG. 1B). In 
one example, alignment of the photoresist layer to stud 
contacts 140B utilizes an expose tool equipped with an 
infrared (IR) alignment system, which allows for alignment 
to structures, such as studs or wires, on the wafer front side. 
Although FIG. 1D shows no overetch into dielectric layer 
105, some overetch might occur, e.g. 10-500 nm, during the 
silicon through via etch. 

0035 Although FIGS. 1C and 1D do not show how the 
thinned wafer would be handled as it is processed upside 
down during the via processing, it is understood that either 
the substrate frontside would be attached to a temporary or 
permanent wafer carrier, such as a second quartz or poly 
imide substrate; or layers 125, 160A, and 160B would be 
durable enough to withstand the processing shown in FIGS. 
1C and 1D. One method of making layers 125, 160A, and 
160B durable enough would be to increase the thickness of 
layer 125 to a few 10's of microns, to raise layers 160A and 
160B above the plane of the chuck holding the wafer during 
the processing shown in FIGS. 1C and 1D; an alternative 
method would be to limit wafer handling and chucking to the 
extreme edge of the wafer, (in one example about 2 mm to 
about 3 mm) from the edge, to prevent mechanical damage 
of the wafer surface. 

0036). In FIG. 1D, a first conformal and electrically 
conductive layer 170 of refractory material, such as W. Ti, 
TiN, Ta, TaN or combinations of layers thereof is formed on 
all exposed surfaces of substrate 100 including sidewalls of 
through via opening 165 surfaces of first dielectric layer 105 
and stud contacts 140B exposed in the bottom of through via 
opening 165. Then a second conformal and electrically 
conductive layer 175 is formed in direct physical and 
electrical contact with exposed surfaces of first conductive 
layer 170 to form a through via 165A. In one example 
second conductive layer 175 comprises copper. In one 
example, first conductive layer 170 is between about 10 nm 
and about 200 nm thick. In one example, second conductive 
layer 175 is between about 500 nm and about 10000 nm 
thick. In one example, the resistance through via 165A is 
about 0.002 ohm per 10,000 square microns. Thus, a short, 
low resistance and low inductance path has been created 
from second conductive layer 175, through first conductive 
layer 170, stud contacts 140B, damascene wire 145 and stud 
contact 140A to HBT 130; and all structures wired with 
through Vias are shorted together. In one example, the 
method terminates at this point So all stud contacts are 
electrically shorted together. In one example, the methods 
continues with FIG. 1E. 

0037. In FIG. 1E, an optional backside chemical-me 
chanical-polish (CMP) is performed to remove any of first 
and second conductive layers 170 and 175 from the backside 
of substrate 100, leaving first and second conductive layers 
170 and 175 only within via opening 165. 

0038 FIGS. 1F through 1E are cross-sectional drawings 
illustrating variations of backside interconnect structures 
according to the first embodiment of the present invention. 
FIG. 1F is similar to FIG. 1E, except an optional dielectric 
spacer 180 has been formed on sidewalls 185 of through via 
165 so a through via 165B is electrically isolated from 
substrate 100. (Through via 165A of FIGS. 1D and 1E is 
shorted to substrate 100). Dielectric spacers 180 may be 
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formed, for example, by deposition of a conformal dielectric 
material followed by a RIE as is well known in the art. In one 
example, dielectric spacer 180 is SiO, and is between about 
100 nm and about 2500 nm thick and it is deposited using 
a chemical vapor deposition (CVD) or atomic layer depo 
sition (ALD) process, such as liquid phase CVD (LPCVD) 
SiO, plasma enhanced CVD (PECVD) SiO, or ALDSiO. 
0039 FIG. 1G is similar to FIG. 1F, except substrate 100 

is an SOI substrate having a buried oxide layer (BOX) 190 
between the bulk of the substrate and a thin silicon layer 195. 
In one example, silicon layer 195 is about 30 nm thick. 
Again, dielectric spacers 180 are optional, as is the CMP 
step used to remove the first and second conductive layers 
170 and 175 from the backside Surface of Substrate 100. 

0040 FIG. 1H is similar to FIG. 1F, except substrate 100 
includes an embedded alignment mark 200 which is exposed 
during the processing illustrated in FIG. 1A and described 
Supra. For example, a narrow trench (e.g. 3 um wide) could 
be lithographically patterned and etched from the substrate 
front side to a depth equal to or deeper than the thickness of 
layer 100 in FIG. 1B prior to the deposition of dielectric 
layer 105 and filled with SiO. The SiO, could be deposited 
using any known method, such as LPCVD, and would be 
planarized as described Supra. Since alignment mark 200 is 
exposed prior to photoresist application during substrate 100 
back side removal, an IR alignment system is not required. 
In one example alignment mark 200 comprises SiO. This 
variation of the first embodiment of the present invention 
may also use SOI substrates. 
0041 FIGS. 2A through 2E are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
according to a second embodiment of the present invention. 
In FIG. 2A, formed on a lightly doped P-type (P-) substrate 
205 is a patterned photoresist layer 210. In one example, 
substrate 205 is a bulk 100 silicon substrate. A first boronion 
implant is performed forming highly P-type doped (P+) 
regions 215 and 220 in substrate 205. In one example, 
substrate 205 has a resistivity between about 10 ohm-cm and 
about 500 ohm-cm. In one example, the first boron ion 
implant dose is between about 1E15 atoms/cm and about 
1E16 atoms/cm at an energy of between about 3 KeV and 
about 30 KeV. 

0042. In FIG. 2B, photoresist layer 210 (see FIG. 2A) is 
removed and an optional anneal is performed to activate and 
diffuse the dopants (e.g. about 800 to about 1100° C. for 
about 1 to about 60 minutes) and a wet (or dry) oxidation 
performed to grow an oxide layer 225 over exposed top 
surface of substrate 205. Because of the higher doping level 
of regions 215 and 220, oxide layer 225 is thicker over 
regions 215 and 220 than over the rest of substrate 205 and 
are recessed into the surface of substrate 205. 

0043. In FIG. 2C, oxide layer 225 is removed (see FIG. 
2B) and a doped P-type epitaxial layer 230 is grown. Steps 
221 and 222 are defined in epitaxial layer 230 after removal 
of oxide layer 225 and step 221 can serve as an alignment 
mark for the processes illustrated in FIG. 2D and described 
infra. During epitaxial growth, regions 215 and 220 diffuse 
into substrate 205 and epitaxial layer 230 to form diffused 
regions 215A and 220A. In one example epitaxial layer 230 
is at least about 20 microns thick and has a resistivity 
between about 10 ohm-cm and about 500 ohm-cm. In one 
example, epitaxial layer 230 has boron concentration of 
between about 1E19 atoms/cm and about 1E20 atoms/cm. 
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0044) In FIG. 2D, a patterned photoresist layer 235 is 
formed on epitaxial layer 230. A second boron ion implant 
is performed using conditions similar to the one described 
supra in reference to FIG. 2A, forming a highly P-type 
doped region 240 extending into epitaxial later 230. No ion 
implant is performed into epitaxial layer 230 over diffused 
region 220A. 
0045. In FIG. 2E, an anneal in an inert atmosphere is first 
performed which drive implant regions 240 and 215A (see 
FIG. 2D) together to form a diffused through via 245. In one 
example, the anneal is performed for about 6 hours at a 
temperature of about 1200° C. In one example, the boron 
doping level of through via 245 is between about 1E18 
atoms/cm and about 5E18 atoms/cm. In one example, 
through via 245 has a resistivity between about 0.005 
ohm-cm and about 0.05 ohm-cm. In one example, the 
resistance of through via 245 is about 0.8 ohm per 10,000 
square microns. Thus, a short, low resistance and low 
inductance path has been created from substrate 205, 
through the through via 245, stud contacts 140B, damascene 
wire 145 and Stud contact 140A to HBT 130. Substrate 205 
may be thinned as described supra in reference to the first 
embodiment of the present invention, however, through Vias 
245 should not be exposed on the new backside of a thinned 
Substrate 205. 

0046. Afterwards, of additional levels of an integrated 
circuit are performed fabricated and the exemplary HBT. 
MOSFET 135, stud contacts 140A, 140B and 140C and 
other structures illustrated in FIG. 2E and described supra 
are formed. At least one of the photomasks used to fabricate 
the additional levels may be aligned to step 221 (see FIG. 
2C). 
0047 FIGS. 3A1 through 3A5 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a first variation of a third embodiment of 
the present invention. In FIG. 3A1 , a shallow trench 
isolation (STI) 250 dielectric is formed between HBT 130 
and MOSFET 135. Alternatively, STI 250 may be replaced 
with a thick field oxide such as a recessed oxidation (ROX) 
layer. STI 250 extends from the top surface of substrate 100 
a fixed depth into the substrate. If substrate 100 is an SOI 
substrate, then STI 250 may contact the BOX layer which is, 
for example, about 0.03 microns below the top surface of the 
substrate. In one example, STI comprises SiO. Alterna 
tively, any known method in the art to form isolation oxide, 
such as ROX, could be employed. 
0.048. In FIG. 3A1, openings 265A and 265B have been 
formed through first dielectric layer 105 using a photolitho 
graphic process. Dielectric layer 105 can be composed of 
multiple layers, such as one of the group comprising a thin 
layer of SiNa, SiC and SiCN in contact with substrate and 
one of the group comprising a thick layer of SiO2, PSG, 
BPSG and SiCOH for the balance of the layer. 
0049 Opening 265A is aligned over the emitter of HBT 
130, openings 265B are aligned over STI 250 and opening 
265C over the gate of MOSFET 135. An optional silicide 
layer (not shown) has been previously formed (prior to 
formation of dielectric layer 105) on the emitter of HBT 130 
the gate of FET 265C exposed in opening 265C. An optional 
silicide layer (not shown) was also formed over the base and 
collector of HBT 130, the source and drain of MOSFET 135, 
contacts to substrate 100, and other structures that requiring 
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ohmic contact. Examples of metal Suicides include but is not 
limited to titanium, cobalt, and nickel silicide. Silicides are 
usually formed using a self-aligned selective process by 
deposition of a metal on a silicon Surface, heating to between 
about 400° C. and about 900° C. (in one example, heating to 
about 600° C.) and etching away the unreacted metal; or 
other processes, such as polycide with lithographic pattern 
ing and RIE or wet etching, can be used. 
0050. In FIG. 3A2, openings 265C have been formed 
through first dielectric layer 105, STI 250 and into substrate 
100 using a photolithographic process. Openings 265C have 
a width W1 and extend depth D1 into substrate 100. In one 
example, W1 is about 3 microns and D1 is a least about 140 
microns. In one example, the total bottom surface area of all 
openings 265C is about 100 square microns. In one example, 
openings 265C are etched into substrate 100 using a Bosch 
RIE process. In a Bosch RIE process, the chemistry is 
Switched between a silicon etch chemistry and a polymer 
depositing chemistry every few seconds allowing for the 
formation of high aspect ratio (Depth/Width) openings. 
Because the openings 265B are relatively small and have 
very high post etch aspect ratio (about 50:1 as defined as 
height:width), the silicon etch process should have low 
undercut of STI 250, substantially vertical sidewalls (e.g. 
minimal scalloping of the via sidewalls, minimal barreling 
out of the via sidewalls, and about 90 degree etch angle). To 
enable the Vias to be exposed during Subsequent wafer 
backside removal, the via etch deep needs to have good 
uniformity. To enable the via to be metallized without 
excessive wafer bending, the via size needs to be minimized. 
The data in Table I show acceptable and exemplary values 
for these parameters. 

TABLE I 

Parameter Acceptable Exemplary 

Via nominal width 5um 2 um 
Via average depth 100 um 200 um 
Via depth variation +f-10% +f-1% 
Via etch undercut of dielectric <0.5 um <0.05 um 
Via Scalloping minimum to maximum <0.5 um <0.05 um 
Via barreling minimum to maximum <0.5 um <0.05 um 
Via angle 90 +f- 0.5 90 +f- 0.05 

0051. In FIG. 3A3, upper dielectric layer 107 is removed 
by a blanket etch and an optional clean performed, for 
example, a 500:1 BHF flowed by Huang A and B cleans. 
Then openings 265A, 265B and 265C (see FIG. 3A2) are 
filled simultaneously using either a fill process illustrated in 
FIGS. 4A1, through 4A3 or a fill process illustrated in FIGS. 
4C1 through 4C4 and described infra to form stud contacts 
270A and 270B and through vias 270C. Since stud contacts 
270A and 270B contact devices (i.e. HBT 130 and MOSFET 
135), stud contacts 270A and 270B may be called device 
contacts to distinguish them from through vias 270C. 
0.052 In FIG. 3A4, normal integrated circuit fabrication 

is performed and the exemplary dielectric layers 110, 115, 
120 and 125, damascene wires 145 and 150, dual damascene 
wire/via 155 and dual-damascene wirebond pad/vias 160A 
and 160B are formed. 

0053. In FIG. 3A5, substrate 100 is thinned to a thickness 
T2. in order to expose through vias 270C. In one example T1 
is between about 100 microns and about 150 microns. 
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Thinning may be accomplished by backside grinding, wet 
etching or combinations thereof. Examples of suitable wet 
etchants include, but are not limited to aqueous tetramety 
lammonium hydroxide (TMAH), alcoholic potassium 
hydroxide (KOH) and other aqueous/alcoholic base solu 
tions. 

0054. In one example, the resistance through vias 265C is 
about 0.003 ohm per 10,000 square microns. Thus, a short, 
low resistance and low inductance path has been created 
from the backside of substrate 100, through the through vias 
270C, damascene wire 145 and stud contact 140A to HBT 
130. 

0.055 FIGS. 3B1 through 3B3 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a second variation of the third embodiment 
of the present invention. Except for the fact, that in the 
second variation of the third embodiment of the present 
invention, stud contacts are completely formed first and then 
through vias, the second variation of the third embodiment 
of the present invention is similar to the first variation. 
0056. In FIG. 3B1, openings 265A and 265B are formed 
in first dielectric layer 105. In FIG. 3B2 openings 265A and 
265B (see FIG. 3B1) are filled to form stud contacts 270A 
and 270B, In one example stud contacts 270A and 270B 
comprise a core conductor of W surrounded by a liner on the 
sidewalls and bottom of the core conductor, the liner com 
prising Ti, TiN or combinations of layers thereof. In FIG. 
3B3, through vias 270C are formed by forming openings 
through first dielectric layer 105, through STI 250, and into 
substrate 100. Then upper dielectric layer 107 (see FIG. 
3B2) is removed by a blanket etch and an optional clean 
performed, for example, a 500:1 BHF flowed by Huang A 
and B cleans. Then the openings are filled using either a fill 
process illustrated in FIGS. 4A1, through 4A3, a fill process 
illustrated in FIGS. 4B1 through 4B4, a fill process illus 
trated in FIGS. 4C1 through 4C4 or a fill process illustrated 
in FIGS. 4D1 through 4D5 and described infra to form stud 
contacts 270A and 270B and through vias 270C. The pro 
cesses illustrated in FIGS. 3A4 and 3A5 and described supra 
are next performed. 

0057 FIGS. 3C1 through 3C3 are cross-sectional draw 
ings illustrating fabrication of a backside interconnect struc 
ture according to a third variation of the third embodiment 
of the present invention. Except for the fact that in the third 
variation of the third embodiment of the present invention 
stud contacts are not formed until after the through Vias, the 
third variation of the third embodiment of the present 
invention is similar to the first variation. 

0.058. In FIG. 3C1, through vias 270C are formed by 
etching openings through dielectric layer 105, through STI 
250 and into substrate 100 as described supra in reference to 
the first variation of the third embodiment of the present 
invention. Then the openings are filled using either a fill 
process illustrated in FIGS. 4A1, through 4A3, a fill process 
illustrated in FIGS. 4B1 through 4B4, a fill process illus 
trated in FIGS. 4C1 through 4C4 or a fill process illustrated 
in FIGS. 4D1 through 4D5 and described infra to form 
through vias 270C. In FIG. 3C2, openings 265A and 265C 
are formed in first dielectric layer 105. In FIG. 3C3, upper 
dielectric layer 107 (see FIG. 3C2) is removed by a blanket 
etch and an optional clean performed, for example, a 500:1 
BHF flowed by Huang A and B cleans. Then openings 265A 
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and 265C (see FIG. 3C2) are filled to form stud contacts 
270A and 270B. In one example stud contacts 270A and 
270B comprise a core conductor of W surrounded by a liner 
on the sidewalls and bottom of the core conductor, the liner 
comprising Ti, TiN or combinations of layers thereof. The 
processes illustrated in FIGS. 3A4 and 3A5 and described 
Supra are next performed. 
0059) Again, substrate 100 may be an SOI substrate for 
any of the three variations of the third embodiment of the 
present invention. 
0060. In the following four methods of filling a through 
via/and or a stud contact depending upon the variation of the 
third embodiment of the present invention that is being 
practiced, only an exemplary through via will be illustrated. 
0061 FIGS. 4A1 through 4A3 are cross-sectional draw 
ings illustrating a first method of filling a through via or stud 
contact of the third embodiment of the present invention. In 
FIG. 4A1, opening 265C is cleaned using, for example, 
buffered hydrofluoric acid (BHF) and Huang A and B wet 
cleans. Then an optional conformal insulating layer 275 is 
formed on the sidewalls and bottom of openings 265C. 
Insulating layer 275 may be formed by thermally oxidizing 
the exposed silicon Surface or by depositing a dielectric film 
using LPCVD or deposited using an ALD SiO2 process. An 
important property of optional insulating layer 275 is that it 
have close to 100% conformality (e.g. it covers the via 
sidewalls and bottoms with enough film to electrically 
insulate the via from the substrate). Insulating layer 275 is 
used only when is desirable to electrically isolate the 
through via from substrate 100. Then a conformal conduc 
tive liner 280 comprising one or more layers of TiN formed 
by chemical vapor deposition (CVD), separated by hydro 
gen plasma densification steps as known in the art, is formed 
over insulating layer 275, if present or on sidewalls and 
bottom of opening 265C if there is no insulating layer. 
0062). In FIG. 4A2, a metal organic CVD (MOCVD) W 
deposition from tungsten hexa-fluoride (WF) is performed 
to form a tungsten layer 285 over liner 280 and to fill 
opening 265B. Tungsten layer 285 overfills opening 265C. 
Tungsten layer 285 needs to have good sidewall coverage 
and minimal bread loafing (the notch in the top of tungsten 
layer 285) during the portion of the deposition when the 
through via is being filled and low stress during the over 
burden portion of the deposition. Optimal W sidewall cov 
erage is achieved by depositing the film at relatively low 
temperature (e.g. about 350° C. to about -400° C.) and in a 
WF saturated (e.g. high WF, flow) regime, which results in 
a high tensile stress. To reduce stress and wafer (Substrate) 
bending, it is advantageous to perform the overburden 
portion of the W deposition using a minimal WF, flow, in a 
WF starved regime, or performing the deposition at a 
maximum possible temperature (e.g. about 418°C. to about 
450° C.) or both. In order to reduce attack of silicon by WF 
it is advantageous to mix silane (SiH4) or diborane (BH) 
with the WF as known in the art (e.g. silane or diborane 
CVD W nucleation). 
0063. In FIG. 4A3 a CMP is performed, coplanizing the 
top surfaces of first dielectric layer 105 and through vias 
270C. Alternatively, excess W may be removed by a wet 
etch using, for example, aqueous hydrogen peroxide (H2O) 
followed by a CMP. 
0064 FIGS. 4B1 through 4B4 are cross-sectional draw 
ings illustrating a second method of filling a through via or 
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stud contact of the third embodiment of the present inven 
tion. In FIG. 4B1, opening 265C is cleaned using, for 
example, buffered hydrofluoric acid (BHF) and Huang A and 
B wet cleans. Then optional insulating layer 275 is formed 
on the sidewalls and bottom of openings 265C, as discussed 
Supra. 

0065. In FIG. 4B2, a conformal polysilicon layer 290 is 
formed over insulating layer 275, if present or on sidewalls 
and bottom of opening 265C if there is no insulating layer. 
If silicide is present under the stud contacts, then the 
LPCVD poly-silicon temperature should be held to no 
higher than about 620° C. for CoSi and about 800° C. for 
TiSi in order to avoid degradation of the silicide. 
0.066. In FIG. 4B3, liner 280 comprising TiN (described 
supra) is formed over polysilicon layer 290 and tungsten 
layer 285 formed over liner 280 to overfill opening 265C. In 
order to reduce stress and wafer (Substrate) bending, it is 
advantageous to perform the W overburden deposition using 
a minimal WF, flow or performing the deposition at a 
maximum possible temperature or both, as described Supra. 
0067. In FIG. 4B4 a CMP is performed, coplanizing the 
top surfaces of first dielectric layer 105 and through vias 
27OC. 

0068 FIGS. 4C1 through 4C4 are cross-sectional draw 
ings illustrating a third method of filling a through via or 
stud contact of the third embodiment of the present inven 
tion. In FIG. 4C1, opening 265C is cleaned using, for 
example, buffered hydrofluoric acid (BHF) and Huang A and 
B wet cleans. Then optional insulating layer 275 is formed 
on the sidewalls and bottom of opening 265C, as discussed 
Supra. 

0069. In FIG. 4C2, liner 280 comprising TiN (described 
supra) is formed over insulating layer 275, if present or on 
sidewalls and bottom of opening 265C if there is no insu 
lating layer. Then a conformal tungsten layer 300 is formed 
over liner 280. 

0070). In FIG. 4C3, a dielectric layer 300, such as SiO, 
which overfills openings 265B tungsten layer 285. In one 
example, oxide layer 300 is tetraethoxysilane oxide (TEOS) 
deposited at 400° C. using PECVD. 
0071. In FIG. 4C4, a CMP is performed, coplanizing the 
top surfaces of first dielectric layer 105 and through vias 
27OC. 

0072 FIGS. 4D1 through 4D5 are cross-sectional draw 
ings illustrating a fourth method of filling a through via or 
stud contact of the third embodiment of the present inven 
tion. In FIG. 4D1, opening 265C is cleaned using, for 
example, buffered hydrofluoric acid (BHF) and Huang A and 
B wet cleans. Then optional insulating layer 275 is formed 
on the sidewalls and bottom of openings 265C, as discussed 
Supra. 

0073. In FIG. 4D2, conformal polysilicon layer 290 is 
formed over insulating layer 275, if present or on sidewalls 
and bottom of opening 265C if there is no insulating layer. 
If silicide is present under the stud contacts, then the 
LPCVD poly-silicon temperature should be held to no 
higher than about 620° C. for CoSi and about 800° C. for 
TiSi in order to avoid degradation of the silicide. 
0074) In FIG. 4D3, liner 280 comprising TiN (described 
supra) is formed over polysilicon layer 285 and a conformal 



US 2007/0190692 A1 

tungsten layer 295 is formed over liner 280. In order to 
reduce stress and wafer (Substrate) bending, it is advanta 
geous to perform the W deposition using a minimal WF 
flow or performing the deposition at a maximum possible 
temperature (see Supra) or both. In order to reduce attack of 
silicon by WF, it is advantageous to mix diborane (BiH) 
with the WF as known in the art. In FIG. 4D4, oxide layer 
300 (as described supra) is deposited over tungsten layer 295 
which overfills openings 265B. In one example, oxide layer 
3OO is TEOS. 

0075). In FIG. 4D5 a CMP is performed, coplanizing the 
top surfaces of first dielectric layer 105 and through vias 
27OC. 

0076) The first (FIGS. 4A1 through 4A3) and third 
(FIGS. 4C1 through 4C4) fill processes described supra may 
be used with the first (FIGS. 3A1-3A5) variation of the third 
embodiment of the present invention. The first (FIGS. 4A1 
through 4A3), second (FIGS. 4B1 through 4B4), third 
(FIGS. 4C1 through 4C4) and fourth (FIGS. 4D1 through 
4D5) fill processes described supra may be used with the 
second (FIGS. 3B1 through 3B3) and third variations (FIGS. 
3B1 through 3B3) of the third embodiment of the present 
invention. 

0077 FIGS. 5A and 5B are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
using alternative Substrate according to any of the variations 
of the third embodiments of the present invention. All three 
variations of the third embodiment of the present invention 
can use the alternate substrate described infra. FIGS.5A and 
B would replace FIGS. 3A4 and 3A5 respectively. 

0078 FIG.5A is similar to FIG.3A4 except substrate 100 
is replaced with a substrate 310 having a buried oxide layer 
(BOX) 315 between a lower portion 320 and upper portion 
325. Upper portion 325 may be mono-crystalline silicon or 
standard SOI. Lower portion 320 may also be mono-crys 
talline silicon. In one example, substrate 310 is a bulk silicon 
substrate in which BOX315 is formed. In a second example, 
substrate 310 is a bonded substrate and lower portion 320 
and silicon layer 325 are bonded together via buried oxide 
layer 315. Silicon layer 325 has a thickness T3. In one 
example T3 is between about 140 micron and about 160 
microns and buried oxide layer 315 is between about 0.2 
microns and about 5 microns thick. Silicon layer 325 may be 
an SOI layer, e.g. contain an additional BOX layer about 300 
nm below the top surface of silicon layer 325. BOX layer 
315 acts as a silicon etch stop as openings 265C (see for 
example, FIG. 3A2) are etched so all openings 265C are of 
uniform depth and relatively uniform width. Through vias 
270C are metallized as discussed supra, prior to forming the 
first wire level 110. 

0079. In FIG. 5B, substrate 310 is thinned to a thickness 
T4, removing all of BOX layer 315 (see FIG. 5A) in order 
to expose through vias 270C. In one example T4 is between 
about 100 microns and about 150 microns. Thinning may be 
accomplished by backside grinding, wet etching or combi 
nations thereof. Examples of suitable wet etchants include, 
but are not limited to aqueous tetrametylammonium hydrox 
ide (TMAH), alcoholic potassium hydroxide (KOH) and 
other aqueous/alcoholic base solutions. 

0080 FIGS. 6A and 6B are cross-sectional drawings 
illustrating fabrication of a backside interconnect structure 
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according to a fourth embodiment of the present invention. 
The fourth embodiment of the present invention is similar to 
the third embodiments except for the use of a different 
substrate and the fact that the through vias 270C (see FIG. 
6B) are not exposed on the backside of the substrate. All 
three variations of the third embodiment of the present 
invention to form Stud contacts and through Vias as well as 
any of the four fill methods may be practiced in conjunction 
with the fourth embodiment of the present invention. FIGS. 
6A and 6B would replace FIGS. 3A4 and 3A5 respectively. 

0081 FIG. 6A is similar to FIG.3A4 except substrate 100 
is replaced with a substrate 600 comprising a upper substrate 
605 having a thickness T5. Upper substrate 605 is either 
bonded to lower substrate 610, or is formed using the 
process illustrated in FIGS. 2B and 2C and supra. Upper 
substrate is lightly P-type doped relative to more highly 
P-type doped lower substrate 610. In a first example, both 
upper and lower substrates 605 and 610 are bulk silicon 
substrates. In a second example, upper substrate 605 is an 
SOI substrate and lower substrate 610 is a bulk silicon 
substrate. Upper 605 may be formed from a thinned SOI 
substrate or a BOX layer may be formed in the upper 
Substrate after bonding. Through Vias physically and elec 
trically contact lower substrate 610 and may be slightly 
embedded into lower substrate 610. In one example lower 
610 has a resistivity between about 0.005 ohm-cm and about 
0.05 ohm cm. In one example upper substrate 605 has a 
resistivity between about 10 ohm-cm and about 500 ohm 
cm. In one example T5 is between about 40 microns and 
about 100 microns. 

0082 In FIG. 6B, lower substrate 610 (see FIG. 6A) is 
thinned by backside grinding, wet etching or combinations 
thereof, to form thinned lower substrate 610 having a 
thickness T6. In one example T6 is between about 50 
microns and about 100 microns. In one example the com 
bined resistance of thinned lower substrate 610A and 
through vias 270C is less than about 0.4 ohms per 10,000 
Square microns. 

0083 FIG. 7 is a cross-sectional view of an exemplary 
hetero-junction bipolar transistor having a backside connec 
tion to a substrate. In FIG. 7, a HBT 700 includes, formed 
in a substrate 705, a subcollector 710 formed in an N-well 
715 surrounded by deep trench isolation 720 and contacted 
by reach throughs 725, and STI 730. HBT 700 also includes, 
formed on top of substrate 705, a P type low-temperature 
epitaxial (LTE) base 735, a P type polysilicon base 740, an 
N type mono-crystalline emitter 745 and a polysilicon 
emitter 750. LTE base 735 may comprise SiGe or SiGeC. 
SiGe (and SiGeC) bipolar transistors are examples of hetero 
junction bipolar transistors. Mono-crystalline emitter 745 is 
formed from a portion of polysilicon emitter 750 that is in 
direct physical contact with LTE base 735. Likewise LTE 
base 735 is formed from that portion of polysilicon base 740 
in direct physical contact with N-well 720. 

0084. Formed in a first dielectric layer 755 is a stud 
contact 760 in physical and electrical contact with polysili 
con emitter 750. There may be a layer of metal silicide 
between stud contact 760 and polysilicon emitter 750. Also 
formed in first dielectric layer 755 is a though via 765 
extending into/through substrate 705 according to any of the 
various embodiments of the present invention. Formed in a 
second dielectric layer 770 is a damascene wire 775. Dama 
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scene wire 770 is in direct physical and electrical contact 
with stud contact 755 and through via 765, thus providing an 
electrical path from the emitter of HBT 700 to the backside 
of Substrate 705. The connection to the emitter of HBT 700 
should be considered exemplary and connections may be 
made to the base or collector reach throughs. A third 
dielectric layer 780 is formed on top of second dielectric 
layer 770 and wire 775. Additional dielectric layers and 
wiring layers may be formed as required. 
0085 Thus, the various embodiments of the present 
invention provide interconnect structures and methods of 
fabricating interconnect structures with reduced inductance 
and resistance for connecting signals to circuit elements of 
integrated circuits. 
0.086 The description of the embodiments of the present 
invention is given above for the understanding of the present 
invention. It will be understood that the invention is not 
limited to the particular embodiments described herein, but 
is capable of various modifications, rearrangements and 
substitutions as will now become apparent to those skilled in 
the art without departing from the scope of the invention. 
Therefore, it is intended that the following claims cover all 
Such modifications and changes as fall within the true spirit 
and scope of the invention. 

What is claimed is: 
1. A method for forming a contact, comprising: 

forming a dielectric isolation in a Substrate, said Substrate 
having a frontside and an opposing backside; 

forming a first dielectric layer on said frontside of said 
Substrate; 

forming a shallow trench in said first dielectric layer, said 
trench aligned over and within a perimeter of said 
trench isolation and extending to said dielectric isola 
tion; 

extending said trench formed in said first dielectric layer 
through said dielectric isolation and into said Substrate 
to a depth less than a thickness of said Substrate; 

filling said trench and co-planarizing a top surface of said 
trench with a top surface of said first dielectric layer to 
form an electrically conductive through via; and 

thinning said Substrate from said backside of said Sub 
strate to expose said through via. 

2. The method of claim 1, further including: 
forming a device contact opening in said first dielectric 

layer and simultaneously with said filling said trench 
and co-planarizing, filling said device contact opening 
and co-planarizing a top Surface of said filled device 
contact opening with a top surface of said first dielec 
tric layer to form an electrically conductive device 
COntact. 

3. The method of claim 1, further including: 
before forming said through via, forming a device contact 

opening in said first dielectric layer, filling said device 
contact opening and co-planarizing a top Surface of said 
filled device contact opening with a top Surface of said 
first dielectric layer to form an electrically conductive 
device contact. 
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4. The method of claim 1, further including: 
after forming said through via, forming a device contact 

opening in said first dielectric layer, filling said device 
contact opening and co-planarizing a top surface of said 
filled device contact opening with a top Surface of said 
first dielectric layer to form an electrically conductive 
device contact. 

5. The method of claim 1, wherein said filling said trench 
includes: 

either forming a insulating layer on sidewalls and a 
bottom of said trench and forming a tungsten layer over 
said insulating layer, said tungsten layer of Sufficient 
thickness to fill said trench; or 

forming said tungsten layer on said sidewalls and said 
bottom of said trench, said tungsten layer of Sufficient 
thickness to fill said trench. 

6. The method of claim 1, wherein said filling said trench 
includes: 

either forming a insulating layer on sidewalls and a 
bottom of said trench, forming a conformal polysilicon 
layer over said insulating layer, and forming a tungsten 
layer over said polysilicon layer, said tungsten layer of 
sufficient thickness to fill said trench; or 

forming said insulating layer on said sidewalls and said 
bottom of said trench; and forming a tungsten layer 
over said polysilicon layer, said tungsten layer of 
Sufficient thickness to fill said trench. 

7. The method of claim 1, wherein said filling said trench 
includes: 

either forming a insulating layer on sidewalls and a 
bottom of said trench; forming a conformal tungsten 
layer over said insulating layer, and 

forming an oxide layer over said tungsten layer, said oxide 
layer of sufficient thickness to fill said trench; or 

forming a conformal tungsten layer on said sidewalls and 
said bottom of said trench, and forming an oxide layer 
over said tungsten layer, said oxide layer of Sufficient 
thickness to fill said trench. 

8. The method of claim 1, wherein said filling said trench 
includes: 

either forming a insulating layer on sidewalls and a 
bottom of said trench, forming a conformal polysilicon 
layer over said insulating layer, forming a conformal 
tungsten layer over said polysilicon layer, and forming 
an oxide layer over said tungsten layer, said oxide layer 
of sufficient thickness to fill said trench; or 

forming a conformal polysilicon layer on said sidewalls 
and said bottom of said trench, forming a conformal 
tungsten layer over said polysilicon layer, and forming 
an oxide layer over said tungsten layer, said oxide layer 
of sufficient thickness to fill said trench. 

9. The method of claim 1, further including: 
forming a hetero-junction bipolar transistor on an in said 

Substrate; 
forming a device contact in said first dielectric layer, said 

device contact in physical and electrical contact to an 
emitter of said hetero-junction bipolar transistor, and 

forming a wire in a second dielectric layer, said second 
dielectric layer formed over said first dielectric layer 
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and said wire in direct physical and electrical contact 
with said device contact and said through via. 

10. The method of claim 1, wherein said trench extends to 
and contacts a buried oxide layer in said Substrate and said 
thinning said Substrate removes said buried oxide layer. 

11. A structure, comprising: 

a dielectric isolation in a substrate, said Substrate having 
a frontside and an opposing backside; 

a first dielectric layer on said frontside of said substrate; 
and 

an electrically conductive through via extending through 
said first dielectric layer, said dielectric isolation and 
said Substrate exposed on said backside of said Sub 
Strate. 

12. The structure of claim 11, further including: 
a device contact extending through said first dielectric 

layer and electrically contacting a device formed in said 
substrate, in said first dielectric layer or both in said 
substrate and in said first dielectric layer. 

13. The structure of claim 12, wherein said device contact 
and said through via both comprise layers of the same 
materials, said layers of the same materials layered upon 
each other in the same sequence. 

14. The structure of claim 12, wherein said through via 
include a insulating layer on sidewalls of said through via, 
said insulating layer comprising TiN or hydrogen rich sili 
CO. 

15. The structure of claim 11, wherein said through via 
comprises either: 

a tungsten core and a titanium nitride liner on sidewalls 
and a bottom of said tungsten core; or 

said a tungsten core, a titanium nitride liner on said 
sidewalls and said bottom of said tungsten core and an 
insulating layer on said titanium nitride liner. 

16. The structure of claim 11, wherein said through via 
comprises either: 

a tungsten core, a titanium nitride liner on sidewalls and 
a bottom of said tungsten core, a polysilicon layer on 
said titanium nitride liner; or 

said tungsten core, said titanium nitride liner on said 
sidewalls and said bottom of said tungsten core, said 
polysilicon layer on said titanium nitride liner and an 
insulating layer on said polysilicon layer. 

17. The structure of claim 11, wherein said through via 
comprises either: 

an oxide core, a tungsten liner on sidewalls and a bottom 
of said oxide core, a titanium nitride liner on said 
tungsten liner; or 

said oxide core, said tungsten liner on said sidewalls and 
said bottom of said oxide core, said titanium nitride 
liner on said tungsten liner and an insulating layer on 
said titanium nitride liner. 

18. The structure of claim 11, wherein said through via 
comprises either: 

an oxide core, a tungsten layer on sidewalls and a bottom 
of said oxide core, a polysilicon layer on said tungsten 
layer or, 

Aug. 16, 2007 

said oxide core, said tungsten layer on said sidewalls and 
said bottom of said oxide core, said polysilicon layer on 
said tungsten layer and an insulating layer on said 
polysilicon layer. 

19. The structure of claim 11, further including: 
a hetero-junction bipolar transistor formed on and in said 

Substrate; 

a device contact in said first dielectric layer, said device 
contact in physical and electrical contact to an emitter 
of said hetero-junction bipolar transistor; and 

a wire in a second dielectric layer, said second dielectric 
layer formed over said first dielectric layer and said 
wire in direct physical and electrical contact with said 
device contact and said through via. 

20. A method for forming a contact, comprising: 

forming a first dielectric layer on a frontside of a sub 
strate, said Substrate having a backside opposing said 
frontside; 

forming an electrically conductive first stud contact in 
said first dielectric layer, said first stud contact extend 
ing through said first dielectric layer to said frontside of 
said Substrate; 

thinning said Substrate from said backside of said Sub 
strate to form a new backside of said substrate; 

forming a trench in said substrate, said trench extending 
from said new backside of said substrate to said first 
dielectric layer, a bottom surface of said first stud 
contact exposed in said trench; and 

forming a conformal electrically conductive layer on said 
new backside of said substrate, sidewalls of said trench, 
exposed surfaces of said first dielectric layer and 
exposed Surfaces of said first stud contacts, said con 
ductive layer not thick enough to completely fill said 
trench. 

21. The method of claim 20, further including, removing 
said conductive layer from said new backside of said sub 
Strate. 

22. The method of claim 20, further including: 
before said forming a conformal electrically conductive 

layer, forming a conformal dielectric layer on said 
sidewalls of said trench. 

23. The method of claim 20, wherein said conformal 
electrically conductive layer comprises a first layer com 
prising copper over a second layer comprising a layer of W. 
a layer of Ti, a layer TiN, a layer of Ta, a layer of TaN or 
combinations thereof. 

24. The method of claim 20, further including: 
forming a hetero-junction bipolar transistor on and in said 

Substrate; 

forming a second stud contact in said first dielectric layer, 
said second stud contact in physical and electrical 
contact with an emitter of said hetero-junction bipolar 
transistor, and 

forming a wire in a second dielectric layer, said second 
dielectric layer formed over said first dielectric layer 
and said wire in direct physical and electrical contact 
with said first and second stud contacts. 
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25. A structure, comprising: 
a first dielectric layer on a frontside of a substrate, said 

Substrate having a backside opposing said frontside; 
an electrically conductive first stud contact in said first 

dielectric layer, said first stud contact extending 
through said first dielectric layer to said frontside of 
said Substrate; 

a trench in said Substrate, said trench extending from said 
backside of said substrate to said first dielectric layer, 
a bottom surface of said first stud contact exposed in 
said trench; and 

a conformal electrically conductive layer over sidewalls 
of said trench, and on exposed surfaces of said first 
dielectric layer and exposed surfaces of said first stud 
contacts, said conductive layer not thick enough to 
completely fill said trench. 

26. The structure of claim 25, further including, wherein 
said conductive layer extends over said backside of said 
substrate. 

27. The structure of claim 25, further including: 
a conformal dielectric layer between said on said side 

walls of said trench and said conductive layer. 
28. The structure of claim 25, wherein said conformal 

electrically conductive layer comprises a first layer com 
prising copper over a second layer comprising a layer of W. 
a layer of Ti, a layer TiN, a layer of Ta, a layer of TaN or 
combinations thereof. 

29. The structure of claim 20, further including: 
a hetero-junction bipolar transistor formed on and in said 

Substrate; 

a second stud contact in said first dielectric layer, said 
second stud contact in physical and electrical contact 
with an emitter of said hetero-junction bipolar transis 
tor, and 

a wire in a second dielectric layer, said second dielectric 
layer formed over said first dielectric layer, said wire in 
direct physical and electrical contact with said first and 
second stud contacts. 

30. A method for forming a contact, comprising: 
performing a first ion implantation into a region of a 

frontside of substrate to form a first doped region in 
said Substrate, said Substrate having a backside oppos 
ing said frontside; 

growing an epitaxial layer on said frontside of said 
Substrate; 

performing a second ion implantation into a region of a 
said epitaxial layer to form a second doped region in 
said epitaxial later, said second doped region aligned 
over at least a portion of said first doped region; and 

heating said Substrate and epitaxial layer in order to 
convert said first and second doped regions into a 
continuous diffused through via extending from a top 
Surface of said epitaxial layer into said Substrate. 

31. The method of claim 30, further including: 
between said first and second ion implantations, growing 

an oxide layer on said Substrate and then removing said 
oxide layer. 

is 
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32. The method of claim 30, wherein: 
said substrate is doped P-type and has a resistivity 

between about 10 ohm-cm and about 500 ohm-cm; 
said epitaxial layer is doped is doped P-type and has a 

resistivity between about 10 ohm-cm and about 500 
ohm-cm; and 

said through via is doped P-type and has a resistivity 
between about 0.005 ohm-cm and about 0.05 ohm-cm. 

33. The method of claim 30, wherein said epitaxial layer 
at least about 40 microns thick. 
34. The method of claim 30, further including: 
forming a hetero-junction bipolar transistor on and in said 

Substrate; 

forming a first dielectric layer on said top surface of said 
epitaxial layer; 

forming a first stud contact in said first dielectric layer, 
said first stud contact in physical and electrical contact 
with said diffused through via: 

forming a second stud contact in said first dielectric layer, 
said second stud contact in physical and electrical 
contact with an emitter of said hetero-junction bipolar 
transistor, and 

forming a wire in a second dielectric layer, said second 
dielectric layer formed over said first dielectric layer 
and said wire in direct physical and electrical contact 
with said first and second stud contacts. 

35. The method of claim 30, further including: 
simultaneously with performing said first ion implanta 

tion into said region of a frontside of substrate to form 
said first doped region in said Substrate, performing 
said first ion implantation into said Substrate in an 
additional doped region of said frontside of substrate to 
form a second first doped region in said Substrate and 
wherein after said growing said epitaxial layer on said 
frontside of said Substrate, a depression is formed in a 
top Surface of said epitaxial layer over said additional 
doped region. 

36. The method of claim 35, further including: 
aligning a photomask to said depression. 
37. A method for forming a contact, comprising: 
forming a dielectric isolation in an upper Substrate, a 

bottom surface of said upper substrate bonded to a top 
surface of a lower substrate, said lower substrate doped 
to a first concentration and said upper Substrate doped 
to a second concentration, said second concentration 
greater than said first concentration; 

forming a first dielectric layer on a top Surface of said 
upper Substrate; 

forming a trench in said first dielectric layer, said trench 
aligned over and within a perimeter of said dielectric 
isolation and extending to said dielectric isolation; 

extending said trench formed in said first dielectric layer 
through said dielectric isolation and into and through 
said upper Substrate to or into said lower Substrate a 
distance less than a first thickness of said lower sub 
Strate; 
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filling said trench and co-planarizing a top surface of said 
trench with a top surface of said first dielectric layer to 
form an electrically conductive through via; and 

thinning said lower substrate from a bottom surface of 
said Substrate. 

38. The method of claim 37, further including: 
forming a device contact opening in said first dielectric 

layer and simultaneously with said filling said trench 
and co-planarizing, filling said device contact openings 
and co-planarizing a top Surface of said filled contact 
opening with a top surface of said first dielectric layer 
to form an electrically conductive device contact. 

39. The method of claim 37, further including: 
before forming said through via, forming a device contact 

opening in said first dielectric layer, filling said device 
contact opening and co-planarizing a top Surface of said 
filled device contact opening with a top Surface of said 
first dielectric layer to form an electrically conductive 
device contact. 

40. The method of claim 37, further including: 
after forming said through via, forming a device contact 

opening in said first dielectric layer, filling said device 
contact opening and co-planarizing a top Surface of said 
device contact opening with a top surface of said first 
dielectric layer to form an electrically conductive 
device contact. 

41. The method of claim 37, wherein said filling said 
trench includes: 

forming a insulating layer on sidewalls and a bottom of 
said trench; and 

forming a tungsten layer over said insulating layer, said 
tungsten layer of sufficient thickness to fill said trench. 

42. The method of claim 37, wherein said filling said 
trench includes: 

forming a insulating layer on sidewalls and a bottom of 
said trench; 

forming a conformal polysilicon layer over said insulating 
layer; and 

forming a tungsten layer over said polysilicon layer, said 
tungsten layer of sufficient thickness to fill said trench. 

43. The method of claim 37, wherein said filling said 
trench includes: 

forming a insulating layer on sidewalls and a bottom of 
said trench; 

forming a conformal tungsten layer over said insulating 
layer; and 

forming an oxide layer over said tungsten layer, said oxide 
layer of sufficient thickness to fill said trench. 

44. The method of claim 37, wherein said filling said 
trench includes: 

forming a insulating layer on sidewalls and a bottom of 
said trench; 

forming a conformal polysilicon layer over said insulating 
layer; 

forming a conformal tungsten layer over said polysilicon 
layer; and 
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forming an oxide layer over said tungsten layer, said oxide 
layer of sufficient thickness to fill said trench. 

45. The method of claim 37, further including: 
forming a hetero-junction bipolar transistor on and in said 

upper Substrate; 
forming a device contact in said first dielectric layer, said 

device contact in physical and electrical contact to an 
emitter of said hetero-junction bipolar transistor, and 

forming a wire in a second dielectric layer, said second 
dielectric layer formed over said first dielectric layer 
and said wire in direct physical and electrical contact 
with said device contact and said through via. 

46. A structure, comprising: 
a dielectric isolation in an upper Substrate, a bottom 

Surface of said upper Substrate bonded to a top surface 
of a lower substrate, said lower substrate doped to a 
first concentration and said upper Substrate doped to a 
second concentration, said second concentration 
greater than said first concentration; 

a first dielectric layer on a top Surface of said upper 
Substrate; and 

an electrically conductive through via extending through 
said first dielectric layer, said trench isolation and said 
upper Substrate to or into said lower Substrate a distance 
less than a first thickness of said lower substrate. 

47. The structure of claim 46, further including: 
a device contact extending through said first dielectric 

layer and electrically contacting a device formed in said 
upper substrate, in said first dielectric layer or both in 
said upper Substrate and in said first dielectric layer. 

48. The structure of claim 47, wherein said device contact 
and said through via both comprise layers of the same 
materials, said layers of the same materials layered upon 
each other in the same sequence. 

49. The structure of claim 47, wherein said through via 
include a insulating layer on sidewalls of said through via, 
said insulating layer comprising TiN or hydrogen rich sili 
CO. 

50. The structure of claim 46, wherein said through via 
comprises: 

a tungsten core; and 
insulating layer on sidewalls of said core. 
51. The structure of claim 46, wherein said through via 

comprises: 
a tungsten core; 

a polysilicon layer on sidewalls of said tungsten core; and 
a insulating layer on polysilicon layer. 
52. The structure of claim 46, wherein said through via 

comprises: 

an oxide core; 
a tungsten layer on sidewalls of said oxide core; and 
a insulating layer on tungsten layer. 
53. The structure of claim 46, wherein said through via 

comprises: 

a oxide core; 

a tungsten layer on sidewalls of said oxide core; 
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a polysilicon layer on said tungsten layer, and 
a insulating layer on polysilicon layer. 
54. The structure of claim 46, further including: 
a hetero-junction bipolar transistor formed in and on said 

upper Substrate; 
a device contact in said first dielectric layer, said device 

contact in physical and electrical contact to an emitter 
of said hetero-junction bipolar transistor, and 
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a wire in a second dielectric layer, said second dielectric 
layer formed over said first dielectric layer and said 
wire in direct physical and electrical contact with said 
device contact and said through via. 

55. The structure of claim 46, wherein said upper sub 
strate has a thickness between about 40 microns and about 
100 microns and said lower substrate has a thickness 
between about 40 microns and about 100 microns. 
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