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(57) ABSTRACT 

Asloped via contact is used to connect a contact on the front 
side of a Wafer to a contact on the back side of the Wafer. The 

Walls of a small (less than 50-80 microns Wide) via have 
typically been dif?cult to coat With metal. The present 
invention forms a small via With sloped Walls, allowing easy 
access to the inside Walls of the via for metal sputtering or 
plating. The small via can be formed using a dry etch process 
such as the Well-known deep reactive ion etching (DRIE) 
process. Using any isotropic plasma etch process, the Walls 
of the via are further etched from the Wafer backside to 
create sloped Walls in the via. The via is then coated With 
metal to make it conductive. 
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SLOPED VIA CONTACTS 

FIELD OF THE INVENTION 

[0001] The invention is directed towards semiconductor 
Wafer manufacturing and more speci?cally, towards contact 
vias in semiconductor Wafers. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor chips are often electrically con 
nected to external circuitry using Wire bonds. Wires are 
connected betWeen contact pads on the chip surface and the 
desired external circuitry. HoWever, the Wire length adds 
unWanted resistance and inductance to the system, Which 
can negatively affect the performance of the chip. This is 
especially true of chips designed for use at higher frequen 
cies. Furthermore, the contact pads on the chip surface 
increase the area of each chip, Which decreases the number 
of chips that can be manufactured on a single Wafer. Wire 
bonding is also an expensive and time-consuming assembly 
process. 

[0003] In some applications, Wire bonding is replaced With 
conductive, metal-coated vias that run through the Wafer to 
connect a contact on the front of the chip to a contact pad on 
the back of the chip. A contact pad is generally larger than 
a contact, since contact pads are usually used to connect to 
larger, external circuitry. By placing contact pads on the 
back of the chip, the over-all surface area of the chip can be 
reduced since these contact pads can overlap the device on 
the front of the chip. Furthermore, the contact pads on the 
back of a chip can be directly connected to external circuitry 
by ball bump or other technologies, thus eliminating the 
need for Wire-bonding altogether. 

[0004] Metal-coated vias Work Well When the via is large. 
HoWever, it is difficult to coat the Walls of a very small 
via—a via that is less than 50-80 microns Wide at its Widest. 
Due to the steep Walls and the diminutive opening of a small 
via, it is difficult to get enough metal into the via and onto 
its Walls to ensure a solid, reliable contact. 

SUMMARY OF THE INVENTION 

[0005] The present invention creates a sloped via contact 
through a chip, alloWing a device on the front of a chip to 
be electrically connected to a contact pad on the back of a 
chip. The sloped via contact is small (only 5-20 microns 
Wide at its narroWest at the front, and 20-80 microns Wide at 
the back), but its sloped Walls alloW a metal coating to be 
easily applied. The opening of the sloped via contact can be 
any shape, such as a circle, oval, or a rectangle. Its length can 
vary as Well, depending on the amount of resistance that can 
be tolerated in the sloped via contact. 

[0006] By using a sloped via contact rather than a bonded 
Wire, a signal from a device on the front of the chip can take 
a much shorter path to the external circuitry. For high 
frequency applications, this results in very loW signal losses 
from the device to the external circuit leads. Additionally, 
since the contact pads at the back of the chip may be located 
under the device on the front of the chip, contact pads are no 
longer needed on the front of the chip. This reduces the 
overall chip area, thus creating higher chip density on the 
Wafer. The sloped via contact also lends itself to inexpensive 
assembly processing by eliminating the need for Wire bond 
mg. 
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[0007] Further features and advantages of the present 
invention, as Well as the structure and operation of preferred 
embodiments of the present invention, are described in 
detail beloW With reference to the accompanying exemplary 
draWings. In the draWings, like reference numbers indicate 
identical or functionally similar elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1A is a top vieW of a Wafer section having 
tWo sloped via contacts. 

[0009] FIG. 1B is a cross-sectional vieW of the Wafer 
section in FIG. 1A, taken along the line B-B‘. 

[0010] FIG. 2 is a ?oWchart describing the process of 
fabricating a sloped via contact. 

[0011] FIGS. 3A-3E shoW side vieWs of the Wafer section 
during the steps of creating a sloped via using a tWo-sided 
etch. 

[0012] FIGS. 4A-4F shoW side vieWs of the Wafer section 
during the steps of creating a sloped via using a one-sided 
etch. 

[0013] FIGS. 5A-5D are side vieWs of the Wafer section as 
a sloped via is processed into a sloped via contact. 

[0014] FIGS. 6A-6B are side vieWs of other possible 
shapes for sloped vias. 

DETAILED DESCRIPTION 

[0015] FIG. 1A shoWs a top vieW of a preferred embodi 
ment of a Wafer section having sloped via contacts made in 
accordance With the teachings of the present invention. 
Contacts 101 are connected to a device 103 on the front of 
a Wafer 105. The opening of a sloped via contact 107 is 
located Within each contact 101. Although contacts 101 and 
sloped via contacts 107 are shoWn With a rectangular shape, 
contacts 101 and sloped via contacts 107 can be circular, 
square, oval, or any other shape. Additionally, although each 
sloped via contact 107 is shoWn centered Within a contact 
101, sloped via contact 107 can be positioned anyWhere 
Within contact 101 as long as an electrical connection is 
made betWeen them, and no interference occurs With con 
nections to external circuitry. 

[0016] FIG. 1B shoWs a cross-sectional vieW of the Wafer 
section of FIG. 1A, taken along the line B-B‘ in FIG. 1A. 
Sloped via contacts 107 gradually increase in Width from 
front to back of Wafer 105, so that each sloped via contact 
107 is Wider at the back of Wafer 105 than at the front. 
Contact pads 109 are located on the back of Wafer 105. Each 
contact 101 is connected to a corresponding contact pad 109 
by a sloped via contact 107. Contact pads 109 are shoWn in 
the ?gure to be larger than the contacts 101. HoWever, 
contact pads 109 can be the same siZe or even smaller than 
the contacts 101. 

[0017] FIG. 2 is a ?oWchart describing the process of 
fabricating a sloped via contact. In the ?rst step, Step 201, 
a via is created in the Wafer Where the sloped via contact Will 
be located. The via is simply a hole in the Wafer, a channel 
leading from the front side of the Wafer to the back. There 
are at least tWo Ways to create the via: either by a tWo-sided 
etch, or a one-sided etch. As the name implies, in a tWo-sided 
etch, the via is created by etching from both the front and 
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back sides of the Wafer. In a one-sided etch, the via is created 
by etching only from the back of the Wafer. A conventional 
etching process, such as a deep reactive ion etching (DRIE) 
dry etch, may be used. After the via is created, it is Widened 
from the back in Step 203 so that the via gradually increases 
in width from front to back. Next, in Step 205, the via is 
coated With a conductive material to make an electrical 
connection to the front contact. Finally, in Step 207, a 
contact pad is created on the back of the Wafer that connects 
to the front contact through the sloped via contact. 

[0018] FIGS. 3A-3E illustrate the tWo-sided etching 
method for creating a sloped via in the Wafer. 

[0019] FIG. 3A shoWs Wafer 105 With device 103 and 
contact 101 on the front side of Wafer 105. Device 103 is any 
rnicroelectronic device such as a rnicroelectrornechanical 
systern (MEMS) structure or electronic circuit. Wafer 105 is 
made of very high resistivity ?oat Zone silicon so it Will not 
create RF coupling problems With device 103 or any adja 
cent vias. Wafer 105 can also be made of materials other than 
silicon, such as glass, cerarnics, or other high resistivity 
semiconductor material, Without departing from the scope of 
the present invention. In actual Working embodiments, the 
Wafers Were betWeen less than 50 microns to greater than 
250 microns thick. These siZes are disclosed for illustrative 
purposes only. It should be understood that other Wafer siZes 
can be used to achieve the same results. Contact 101 is 
typically made of metal such as Nichrorne-gold, although 
other metals can be used as Well. 

[0020] In FIG. 3B, a layer of photoresist 301 has been 
deposited, exposed, and developed in a conventional pho 
tolithographic process to create an opening 303 in contact 
101. Opening 303 is smaller than contact 101, and is 
completely contained Within contact 101. 

[0021] FIG. 3C shoWs Wafer 105 after it has been etched 
to create a via 305. Via 305 should be etched slightly deeper 
than the ?nal target thickness of Wafer 105 after processing. 
A conventional etching process, such as a dry etch, may be 
used. One such process is deep reactive ion etching (DRIE), 
a process Well knoWn in the art. DRIE alternates an etching 
cycle With a polymer coating cycle. The coating cycle 
deposits a polymer on the etched Walls, protecting them 
during the etching cycle. By alternating cycles, this process 
enables very deep etching With little undercutting, Which 
results in Well-de?ned, sharp geornetries. It is possible and 
advantageous to use this technology to etch the via With 
negatively sloped Walls, Which results in a via that is 
narroWer at its opening at the front of the Wafer than at the 
back of the Wafer. 

[0022] In FIG. 3D, Wafer 105 has been ground doWn or 
otherWise thinned to expose via 305 at the back of Wafer 
105. Any standard grinding or thinning process may be used. 
In preparation for the next etching step, the polymers 
deposited during the coating cycle of the DRIE process are 
removed from the Walls of via 305 by any conventional 
polyrner stripper, such as oxygen plasrna. 

[0023] In FIG. 3E, Wafer 105 has been etched from the 
back side to Widen via 305 (shoWn in FIG. 3D). Any 
isotropic plasrna etching process may be used. The back of 
via 305 is exposed to more etchant and is etched more 
rapidly than the front. This Will naturally create a sloped via 
307 that is Wider at the back of Wafer 105 and narroWer at 
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the front. During this etch, some of the silicon under contact 
101 may optionally be etched aWay, leaving a slight over 
hang 309 of contact 101. The overhang 309 alloWs sputtered 
rnetal (applied in an upcoming process step) to more easily 
make a connection to contact 101. This etch also slightly 
thins the Wafer further, and relieves some of the stress and 
damage done to the backside of the Wafer during the 
grinding/thinning step described in FIG. 3D. 

[0024] FIGS. 4A-4F shoW the one-sided etching method 
for creating a sloped via. 

[0025] FIG. 4A shoWs Wafer 105 With device 103 and 
contact 101 on the front of Wafer 105. In a one-sided etch, 
a via is etched from the back of Wafer 105. Therefore, the 
pattern etched on the back of Wafer 105 must be aligned to 
the pattern etched on the front, in order to etch the via in the 
correct place underneath contact 101. Any conventional 
alignrnent technique may be used. One method for aligning 
the front and back of the Wafer is to use DRIE to etch an 
alignment pattern. Another possibility is to use a commer 
cially available tWo-side alignrnent rnachine. 

[0026] In FIG. 4B, a protective layer of photoresist 401 
has been deposited onto Wafer 105. Wafer 105 is then 
thinned doWn by conventional means such as grinding. 
Since Wafer 105 Will be slightly thinned doWn further during 
an etch later on in the process, care should be taken not to 
thin Wafer 105 too much in this step. 

[0027] In FIG. 4C, the back of Wafer 105 has been rnasked 
With photoresist 403 to create the desired via pattern 405. 
The alignment provided earlier in the process is used to 
position the via correctly underneath contact 101. 

[0028] FIG. 4D illustrates Wafer 105 after it has been 
etched from the back side using a DRIE process to create a 
via 407. Unlike the tWo-sided etch shoWn in FIGS. 3A-3E, 
the one-sided etch does not etch through contact 101 on the 
front of Wafer 105. 

[0029] In FIG. 4E, photoresist 403 (shoWn in FIG. 4D) 
has been stripped from the back of Wafer 105. In preparation 
for the next etching step, the polymers deposited during the 
coating cycle of the DRIE process are removed from the 
Walls of via 407 using conventional polyrner strippers such 
as oxygen plasrna. 

[0030] FIG. 4F shoWs Wafer 105 after it has been etched 
from the back to Widen via 407 (shoWn in FIG. 4E). Any 
isotropic plasrna etching processes may be used. The back of 
via 407 is exposed to more etchant and is etched more 
rapidly than the front. This Will naturally create a sloped via 
409 that is Wider at the back of Wafer 105 and narroWer at 
the front. 

[0031] FIGS. 5A-5D shoW the Wafer as the sloped via is 
processed into a sloped via contact. FIGS. 5A-5D depict a 
sloped via 409 (shoWn in FIG. 4F) created by a one-sided 
etch, but the steps shoWn in FIGS. 5A-5D are just as 
applicable to a sloped via 307 (shoWn in FIG. 3E) created 
by a tWo-sided etch. 

[0032] In FIG. 5A, a metal coating 501 such as Nichrorne/ 
gold (NiCr/Au) is sputtered or otherWise deposited onto the 
back of Wafer 105. Best results are achieved When the 
deposition technology has very good step coverage. There is 
currently about a 10:1 thickness ratio betWeen the metal 
sputtered onto the Wafer backside and the metal that accrues 
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on the Walls of the sloped via 409 (shown in FIG. 4F) near 
top contact 101. This ratio may vary depending upon the 
Width, slope, and depth of the via. In an actual Working 
embodiment, 1500 Angstroms of Nichrome and 10,000 
Angstroms of gold Were sputtered onto the Wafer backside 
in order to obtain a metal coating approximately 1150 
Angstroms thick inside the sloped via 409. These ?gures are 
disclosed for illustrative purposes only—other amounts of 
metal can be used to achieve a Working embodiment. The 
metal thickness inside sloped via 409 is measured Where the 
via Width is the narroWest, and must have a resistance loW 
enough for its desired application. A thicker metal coating 
Will have a loWer resistance than a thinner metal coating. 
After the metal coating is deposited, sloped via 409 becomes 
a sloped via contact 503. 

[0033] The metal layer deposited in FIG. 5A is thick 
enough for some applications. HoWever, other applications 
may require the vias to have loWer resistance. In such cases, 
the Walls of sloped via contact 503 can be plated With even 
more metal 505, as shoWn in FIG. SE, to further reduce 
resistance. In actual Working embodiments, a plating of 
1.5-3 um has been found to be suf?cient for most purposes. 
The sloped via contact 503 can also be plated until it is 
completely ?lled such as With copper via plating. 

[0034] In FIG. 5C, photoresist 507 has been applied to the 
back side of Wafer 105 to cover sloped via contact 503 and 
to mask off a contact pad 509. Any eXposed metal is then 
etched from Wafer 105. 

[0035] FIG. 5D shoWs Wafer 105 after all remaining 
photoresist 401 and 507 (shoWn in FIG. 5C) has been 
removed. Contact pad 509 is connected to front contact 101 
through sloped via contact 503. 

[0036] By changing process variables such as bias voltage, 
etch time, etc., it is possible to obtain different shapes for the 
sloped via contact. FIGS. 6A-6B are side vieWs of tWo of the 
many possible shapes. The sloped vias are shoWn uncoated 
With metal for the sake of clarity in the ?gure. 

[0037] FIG. 6A shoWs a sloped via 601 in Wafer 105. 
Sloped via 601 has regions 603 and 605. The via Walls in 
region 603 have a different slope from the Walls in region 
605. 

[0038] FIG. 6B shoWs a sloped via 607 in Wafer 105. 
Sloped via 607 With regions 609 and 611. The via Walls in 
region 609 are straight, Whereas the via Walls in region 611 
are curved. 

[0039] Although the present invention has been described 
in detail With reference to particular preferred embodiments, 
persons possessing ordinary skill in the art to Which this 
invention pertains Will appreciate that various modi?cations 
and enhancements may be made Without departing from the 
spirit and scope of the claims that folloW. 

We claim: 
1. A method for creating a sloped via contact on a Wafer 

having front and back sides, comprising: 

providing a contact on the front side of the Wafer; 

forming a sloped via in the Wafer under the front contact, 
the sloped via increasing in Width; 

coating the Walls of the sloped via With conductive 
material; and 
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providing a contact on the back side of the Wafer, elec 
trically connected to the front contact through the 
sloped via. 

2. The method of claim 1, Wherein the sloped via is no 
Wider than 80 um. 

3. The method of claim 2, Wherein the sloped via is no 
Wider than 50 um. 

4. The method of claim 2, Wherein coating the Walls 
leaves a coating of conductive material in the sloped via at 
least 1000 Angstroms thick Where the via Width is the 
narroWest. 

5. The method of claim 4, Wherein the conductive material 
is selected from the group consisting of NiChrome and gold. 

6. The method of claim 4, Wherein coating the Walls 
includes plating. 

7. The method of claim 2, Wherein forming a sloped via 
includes: 

forming a via; and 

Widening the via so that its Width increases from front to 
back. 

8. The method of claim 7, Wherein forming a via includes 
using a deep reactive ion etching (DRIE) process. 

9. The method of claim 8, Wherein forming a via includes 
using a one-sided etch. 

10. The method of claim 8, Wherein forming a via 
includes using a tWo-sided etch. 

11. The method of claim 7, Wherein Widening the via 
includes using an isotropic plasma etch. 

12. A sloped via contact on a Wafer having front and back 
sides, comprising: 

a contact on the front side of the Wafer; 

a contact on the back side of the Wafer; 

a via through the Wafer connecting the front contact to the 
back contact, Wherein 

the via Walls have a metal coating, and 

the via increases in Width. 
13. The sloped via contact as in claim 12, Wherein the via 

is less than 80 microns at its Widest. 
14. The sloped via contact as in claim 13, Wherein the via 

is less than 50 microns at its Widest. 
15. The sloped via contact as in claim 13 Wherein the 

metal coating on the via is at least 1000 Angstroms thick 
Where the via is the narroWest. 

16. The sloped via contact as in claim 15, Wherein the 
metal coating is selected from the group consisting of 
NiChrome and gold. 

17. The sloped via contact as in claim 15, Wherein the 
metal coating on the via is partially plated. 

18. The sloped via contact as in claim 13, Wherein the via 
is formed With a DRIE process. 

19. The sloped via contact as in claim 13, Wherein the via 
is formed using a one-sided etch. 

20. The sloped via contact as in claim 13, Wherein the via 
is formed using a tWo-sided etch. 

21. The sloped via contact as in claim 13, Wherein the 
slope of the via Walls is not constant. 

22. The sloped via contact as in claim 13, Wherein the via 
Walls are curved. 


