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INTEGRATED CIRCUIT MANUFACTURING 
FOR LOW-PROFILE AND FLEXIBLE 

DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to Us. Provisional 
Application No. 61/506,495 ?led Jul. 11, 2011, the entire 
contents of which is speci?cally incorporated herein by ref 
erence without disclaimer. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates to integrated circuits and 
more particularly relates to manufacturing integrated circuits. 
[0004] 2. Description of the Related Art 
[0005] Conventionally, integrated circuits are manufac 
tured on thick semiconductor wafers. Semiconductor wafers 
such as silicon and gallium arsenide are preferred materials 
for integrated circuits because of their electrical properties. 
Thick wafers are conventionally preferred for their ability to 
withstand the processing and handling required to manufac 
ture integrated circuits on the semiconductor wafers. The 
thickness of the semiconductor wafers may be signi?cantly 
reduced with little impact to the electronic behavior of the 
integrated circuit built on the wafers. In fact, manufacturing 
on thin wafers may be preferred over thick wafers due to 
lower cost of materials and the lower pro?le of the devices 
incorporating the integrated circuits manufactured on thin 
wafers. For example, smaller and more ?exible devices may 
be manufactured on thin wafers. However, manufacturing 
integrated circuits on thin wafers presents problems with poor 
yield due to the fragility of the thin wafers. 
[0006] One conventional solution for manufacturing inte 
grated circuits on thin wafers is backgrinding the wafer as 
illustrated in FIGS. 1A and 1B. FIG. 1A illustrates a wafer 
100 having devices 102 comprising an integrated circuit. The 
devices 102 are manufactured according to conventional 
methods on the wafer 100. After manufacturing is complete 
the wafer 100 is backgrinded through section 104 to reduce 
the thickness of the wafer 100. Although the end product is an 
integrated circuit on a thin wafer, a signi?cant amount of the 
wafer was destroyed during the backgrinding. Thus, the cost 
of the integrated circuit of FIG. 1A is higher than a conven 
tional thick wafer because the same amount of material was 
consumed in manufacturing and the manufacturing included 
additional steps compared to conventional manufacturing of 
integrated circuits on thick wafers. 
[0007] Another conventional solution for manufacturing 
integrated circuits on thin wafers is through use of a carrier 
wafer as illustrated in FIGS. 2A and 2B. In FIG. 2A a thin 
wafer 202 is attached to a carrier wafer 206 through an adhe 
sive 204. Manufacturing of integrated circuits on the thin 
wafer 202 is substantially similar to conventional manufac 
turing on thick wafers because the carrier wafer 206 provides 
support for the thin wafer 202. After devices 210 are manu 
factured on the thin wafer 202 the thin wafer 202 is released 
from the carrier wafer 206 as shown in FIG. 2B. Although the 
?nal product is an integrated circuit manufactured on a thin 
wafer, the manufacturing process is more costly due to the 
additional materials and processing steps involved in attach 
ing and detaching the carrier wafer. Additionally, some con 
ventional manufacturing processes have to be adapted to pre 

May 22, 2014 

vent early dissolution of the adhesive 204. For example, the 
adhesive 204 should not be exposed to high temperatures or 
certain chemicals. Further, additional cleaning steps may be 
necessary to remove residue of the adhesive 204 from the thin 
wafer 202. 

[0008] In addition to having low pro?les suitable for mobile 
devices, thin wafers may also allow manufacturing ?exible 
electronics. Conventional solutions for manufacturing ?ex 
ible electronics involve manufacturing devices on organic 
substrates such as polymers or depositing semiconductor lay 
ers on polymers. However, devices manufactured on poly 
mers may have different electrical characteristics than 
devices manufactured on conventional semiconductor wafers 
because the electronic characteristics of the polymers or the 
crystal structure of semiconductors deposited on polymers 
are different than conventional semiconductor wafers. 

SUMMARY OF THE INVENTION 

[0009] A method for manufacturing is presented. In one 
embodiment, the method includes manufacturing an inte 
grated circuit on at least a portion of a surface of a wafer. The 
method also includes etching at least one via into the wafer. 
The method further includes releasing at least the portion of 
the wafer having the manufactured integrated circuit from a 
bulk portion of the wafer. 

[0010] Another method for manufacturing is presented. In 
one embodiment, the method includes manufacturing a ?rst 
integrated circuit on a wafer. The method also includes releas 
ing a ?rst thickness of the wafer including the ?rst integrated 
circuit from the wafer. The method further includes manufac 
turing a second integrated circuit on the wafer. The method 
also includes releasing a second thickness of the wafer includ 
ing the second integrated circuit from the wafer. 

[0011] The term “coupled” is de?ned as connected, 
although not necessarily directly, and not necessarily 
mechanically. 
[0012] The terms “a” and “an” are de?ned as one or more 
unless this disclosure explicitly requires otherwise. 

[0013] The term “substantially” and its variations are 
de?ned as being largely but not necessarily wholly what is 
speci?ed as understood by one of ordinary skill in the art, and 
in one non-limiting embodiment “substantially” refers to 
ranges within 10%, preferably within 5%, more preferably 
within 1%, and most preferably within 0.5% of what is speci 
?ed. 

[0014] The terms “comprise” (and any form of comprise, 
such as “comprises” and “comprising”), “have” (and any 
form of have, such as “has” and “having”), “include” (and any 
form of include, such as “includes” and “including”) and 
“contain” (and any form of contain, such as “contains” and 
“containing”) are open-ended linking verbs. As a result, a 
method or device that “comprises,” “has,” “includes” or “con 
tains” one or more steps or elements possesses those one or 

more steps or elements, but is not limited to possessing only 
those one or more elements. Likewise, a step of a method or 
an element of a device that “comprises,” “has,” “includes” or 
“contains” one or more features possesses those one or more 

features, but is not limited to possessing only those one or 
more features. Furthermore, a device or structure that is con 
?gured in a certain way is con?gured in at least that way, but 
may also be con?gured in ways that are not listed. 



US 2014/0141571Al 

[0015] Other features and associated advantages will 
become apparent with reference to the following detailed 
description of speci?c embodiments in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The following drawings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of speci?c embodi 
ments presented herein. 
[0017] FIGS. 1A and 1B are block diagrams illustrating 
manufacturing integrated circuits on thin wafers using a con 
ventional backgrinding method. 
[0018] FIGS. 2A and 2B are block diagrams illustrating 
manufacturing integrated circuits on thin wafers using a con 
ventional carrier wafer method. 
[0019] FIGS. 3A-3F are block diagrams illustrating an 
exemplary manufacturing process for manufacturing low 
pro?le integrated circuits according to one embodiment of the 
disclosure. 
[0020] FIG. 4 is a ?ow chart illustrating an exemplary 
manufacturing process for manufacturing low-pro?le inte 
grated circuits according to one embodiment of the disclo 
sure. 

[0021] FIGS. 5A-5D are block diagrams illustrating an 
exemplary manufacturing process for manufacturing mul 
tiple low-pro?le integrated circuits from a single wafer 
according to one embodiment of the disclosure. 
[0022] FIG. 6 is a ?ow chart illustrating an exemplary 
manufacturing process for manufacturing multiple low-pro 
?le integrated circuits from a single wafer according to one 
embodiment of the disclosure. 

DETAILED DESCRIPTION 

[0023] Various features and advantageous details are 
explained more fully with reference to the non-limiting 
embodiments that are illustrated in the accompanying draw 
ings and detailed in the following description. Descriptions of 
well known starting materials, processing techniques, com 
ponents, and equipment are omitted so as not to unnecessarily 
obscure the invention in detail. It should be understood, how 
ever, that the detailed description and the speci?c examples, 
while indicating embodiments of the invention, are given by 
way of illustration only, and not by way of limitation. Various 
substitutions, modi?cations, additions, and/ or rearrange 
ments within the spirit and/ or scope of the underlying inven 
tive concept will become apparent to those skilled in the art 
from this disclosure. 
[0024] A method of manufacturing low-pro?le integrated 
circuits on conventional semiconductor wafers is presented 
that results in a reduced waste of materials, reduced impact on 
other manufacturing processes, and reduced cost. Manufac 
turing of an integrated circuit may be performed on a wafer 
according to conventional or other processes. The wafer may 
have a suf?cient thickness to withstand the manufacturing 
processes. After the integrated circuit is manufactured on the 
wafer a top portion of the thickness of the wafer, including the 
integrated circuit, may be released from the wafer. According 
to one embodiment, the top portion of the wafer may be 
released through an undercut technique. The released top 
portion of the wafer is an integrated circuit having a low 
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pro?le. The low-pro?le integrated circuit may be used, for 
example, to create mobile devices or another device having a 
small form factor. The low-pro?le integrated circuit may also 
be used in ?exible electronics. The remaining portion of the 
wafer may be recycled and another integrated circuit manu 
factured on the top of the remaining portion of the wafer. This 
integrated circuit may be released from the wafer and the 
process of additional manufacturing integrated circuits may 
continue on the wafer. 

[0025] FIGS. 3A-3F are block diagrams illustrating an 
exemplary manufacturing process for manufacturing low 
pro?le integrated circuits according to one embodiment of the 
disclosure. The block diagrams of FIGS. 3A-3F will be 
described with reference to FIG. 4, which is a ?ow chart 
illustrating an exemplary manufacturing process for manu 
facturing low-pro?le integrated circuits according to one 
embodiment of the disclosure. A method 400 for manufac 
turing a low-pro?le integrated circuit beings at block 402 with 
manufacturing an integrated circuit on a wafer. FIG. 3A is a 
block diagram illustrating a wafer 3 00 after manufacturing an 
integrated circuit having devices 302. According to one 
embodiment, the wafer 300 may be a silicon wafer having a 
crystal orientation of <1 00>. However, the wafer 300 may be 
other materials such as gallium arsenide. According to one 
embodiment, the wafer 300 may be a conventional thickness 
wafer. However, the wafer 300 may be any wafer having a 
thickness greater than the desired thickness of the integrated 
circuit. 

[0026] At block 404 a protective layer is deposited on the 
wafer 300. FIG. 3B is a block diagram illustrating the wafer 
300 after a protective layer 310 is deposited on the wafer 300. 
The protective layer 310 may be, for example, a conformally 
deposited layer of silicon oxide (SiOx) or silicon nitride 
(SiNx). The protective layer 310 may be deposited by chemi 
cal vapor deposition (CVD), physical vapor deposition 
(PVD) such as sputtering, atomic layer deposition (ALD), 
and/or electrodeposition. The protective layer 310 may also 
include multiple materials. For example, the protective layer 
310 may include a layer of silicon oxide and a layer of silicon 
nitride. The protective layer 310 may be used as a hard mask 
for later etching processes. Thus, the material for the protec 
tive layer 310 may be selected according to the material of the 
wafer 300 and the etching process to obtain a desired etching 
ratio of the protective layer 310 to the wafer 300. 
[0027] At block 406 at least one via is etched into the wafer. 
FIG. 3C is a block diagram illustrating the wafer 300 after 
vias 320 are etched into the wafer 300. The vias 320 may be 
created by ?rst patterning the protective layer 310 and then 
performing a deep reactive ion etch (DRIE) of the wafer 300 
using the patterned protective layer 310 as a hard mask. 
According to one embodiment, a photoresist layer (not 
shown) is used to pattern the protective layer 310. Any pho 
toresist remaining after patterning the protective layer may 
also be used as a mask for patterning the vias 320. The depth 
of the vias 320 may be selected based, in part, on the desired 
thickness for the released portion of the wafer 300.According 
to one embodiment the vias 320 are designed to extend 
through a region of the wafer 300 between the devices 302. 
According to another embodiment, the vias 320 may be 
designed aron the integrated circuit having the devices 302. 
For example, the vias 320 may form a pattern around the 
edges of the integrated circuit made up by the devices 302. 
According to one embodiment, the vias 320 may be formed 
with only one additional photomask. Additionally, the vias 
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320 may form a pattern in the center of the integrated circuit 
made up by the devices 302. In this embodiment, the layout of 
the devices 302 may remain substantially the same as when 
manufactured with other processes. 
[0028] At block 408 a barrier layer is deposited in the at 
least one via. FIG. 3D is a block diagram illustrating the wafer 
300 after a barrier layer 330 is deposited in the vias 320. The 
barrier layer 320 may be silicon dioxide. According to one 
embodiment, the barrier layer 320 is grown by thermally 
oxidizing the wafer 300. The barrier layer 320 may also be 
deposited through other techniques such as CVD, PVD, ALD, 
and/ or electrodeposition. 
[0029] At block 410 the barrier layer is removed from a 
bottom surface of the at least one via. FIG. 3E is a block 
diagram illustrating the wafer 300 after the barrier layer 330 
is removed from a bottom surface of the vias 320. According 
to one embodiment, a highly directional etch, such as reactive 
ion etching (RIE) at low pressure and high energy may be 
used for removing the barrier layer 330 from the bottom 
surface of the vias 320. After the barrier layer 330 is removed 
from the bottom surface of the vias 320 the bulk potion of the 
wafer 300 is exposed. 
[0030] At block 412 a portion of the wafer having the 
integrated circuit is released from the wafer. FIG. 3F is a 
block diagram illustrating the wafer 300 after etching the 
wafer 300 through the vias 320.An isotropic etch of the wafer 
300 through the bottom surface of the vias 320 after removing 
the barrier layer 330 results in etching of the wafer 300 in all 
directions at a substantially similar rate. After a period of 
time, the etching starting from the bottom surface of at each of 
the vias 320 intersects causing a top portion 30011 of the wafer 
300 to detach from a bottom portion 3001). According to one 
embodiment, isotropic etching is performed with xenon dif 
luoride (XeFZ). According to another embodiment, a wet 
isotropic etch may be performed. According to yet another 
embodiment, the wafer 300 may include a boron doped bur 
ied region (not shown), which may act as an etch stop during 
etching of the wafer 300. Although isotropic etching is 
described with reference to the embodiment of FIG. 3F, 
anisotropic etching may be used in other embodiments. 
According to one embodiment, an anisotropic etch of the 
wafer 300 may be performed. For example, if the wafer 300 is 
silicon with a <lll> crystal orientation then a potassium 
hydroxide (KOH) etch may be used. 
[0031] The top portion 30011 of the wafer 300 may be fur 
ther processed to create an electronic device. For example, the 
top portion 300a may be packaged. Because the top portion 
30011 has a low-pro?le the integrated circuit comprising the 
devices 200 may be suitable for small form factor devices 
such as mobile phones. Additionally, the integrated circuit 
may be employed in ?exible electronics. Because the low 
pro?le integrated circuit was manufactured from a conven 
tional thickness wafer little to no alteration of the manufac 
turing process for the integrated circuit may be necessary. 
Instead, in the conventional manufacturing processes for thin 
wafers well-understood manufacturing processes are adapted 
to account for thin wafers or carrier wafer adhesives. 

[0032] The exemplary manufacturing process described 
above for low-pro?le integrated circuits also allows recycling 
of the wafer materials. For example, after the top portion 30311 
is removed from the wafer 300, the bottom portion 303!) may 
be used for manufacturing additional integrated circuits. 
According to one embodiment, additional circuits may be 
manufactured on the bottom portion 303!) and packaged as 
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another electronic device. A polishing step may be performed 
to remove roughness from the wafer 3 00 after each portion of 
the wafer 300 is released. For example, the bottom portion 
3 03b may be polished before additional integrated circuits are 
manufactured on the bottom portion 3031). According to 
another embodiment, additional circuits may be manufac 
tured on the bottom portion 303!) and released from the wafer 
300 similar to the top portion 303a. 
[0033] FIGS. 5A-5D are block diagrams illustrating an 
exemplary manufacturing process for manufacturing mul 
tiple low-pro?le integrated circuits from a single wafer 
according to one embodiment of the disclosure. The block 
diagrams of FIGS. 5A-5D will be described with reference to 
FIG. 6, which is a ?ow chart illustrating an exemplary manu 
facturing process for manufacturing multiple low-pro?le 
integrated circuits from a single wafer according to one 
embodiment of the disclosure. A method 600 begins at block 
602 with manufacturing a ?rst integrated circuit on a wafer. 
FIG. 5A is a block diagram illustrating a ?rst integrated 
circuit 510 having devices 502 manufactured on a wafer 500. 
[0034] At block 604 a ?rst thickness of the wafer is released 
from the wafer such that the ?rst integrated circuit 510 and 
devices 502 are separated from the wafer 500. FIG. 5B is a 
block diagram illustrating a ?rst thickness 50011 of the wafer 
500, including the ?rst integrated circuit 510, released from 
the wafer 500. The ?rst thickness 500a may be released 
through patterning vias and etching the wafer 500 as 
described above with reference to FIGS. 3A-3F and 4. 
[0035] At block 606 the wafer may be polished to improve 
electrical properties and yield of manufactured devices on the 
remaining portion of the wafer 500. 
[0036] At block 608 a second integrated circuit is manufac 
tured on the wafer. FIG. 5C is a block diagram illustrating a 
second integrated circuit 520 having devices 512 manufac 
tured on the wafer 500. The second integrated circuit 520 may 
be the same circuit as the ?rst integrated circuit 510 or a 
different circuit. 
[0037] At block 610 a second thickness of the wafer is 
released from the wafer such that the second integrated circuit 
is separated from the wafer. FIG. 5D is a block diagram 
illustrating a second thickness 50012 of the wafer 500, includ 
ing the second integrated circuit 520, released from the wafer 
500. The release may be performed through a method as 
described above with reference to FIGS. 3A-3F and 4. 
[0038] The method 600 may continue by manufacturing 
additional integrated circuits from the wafer and releasing the 
additional integrated circuits from the wafer. The method 600 
may continue until the wafer is depleted and there is insu?i 
cient wafer remaining to manufacture additional integrated 
circuits. According to one embodiment, the released ?rst 
integrated circuit and second integrated circuit may be pack 
aged together in a stacked integrated circuit. 
[0039] The exemplary methods described above for manu 
facturing low-pro?le electronic devices and ?exible electron 
ics devices may be used in implantable biomedical devices, 
renewable energy devices, biomimic-robotic devices, and/or 
?exible displays. The low-pro?le device manufacturing pro 
cess allows construction of devices with little to no modi? 
cation of manufacturing processes to accommodate for thin 
wafers. Additionally, the exemplary processes reduce wasted 
materials by allowing for multiple integrated circuits to be 
manufactured from a single wafer. 
[0040] The schematic ?ow chart diagrams of FIGS. 4 and 6 
are generally set forth as logical ?ow chart diagrams. As such, 
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the depicted order and labeled steps are indicative of one 
embodiment of the presented method. Other steps and meth 
ods may be conceived that are equivalent in function, logic, or 
effect to one or more steps, or portions thereof, of the illus 
trated method. Additionally, the format and symbols 
employed are provided to explain the logical steps of the 
method and are understood not to limit the scope of the 
method. Although various arrow types and line types may be 
employed in the ?ow chart diagrams, they are understood not 
to limit the scope of the corresponding method. Indeed, some 
arrows or other connectors may be used to indicate only the 
logical ?ow of the method. For instance, an arrow may indi 
cate a waiting or monitoring period of unspeci?ed duration 
between enumerated steps of the depicted method. Addition 
ally, the order in which a particular method occurs may or 
may not strictly adhere to the order of the corresponding steps 
shown. 
[0041] All of the methods disclosed and claimed herein can 
be made and executed without undue experimentation in light 
of the present disclosure. While the apparatus and methods of 
this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that 
variations may be applied to the methods and in the steps or in 
the sequence of steps of the method described herein without 
departing from the concept, spirit and scope of the invention. 
In addition, modi?cations may be made to the disclosed appa 
ratus and components may be eliminated or substituted for 
the components described herein where the same or similar 
results would be achieved. All such similar substitutes and 
modi?cations apparent to those skilled in the art are deemed 
to be within the spirit, scope, and concept of the invention as 
de?ned by the appended claims. 

1. A method, comprising: 
manufacturing an integrated circuit on at least a portion of 

a surface of a wafer; 
etching at least one via into the wafer; and 
releasing at least the portion of the wafer having the inte 

grated circuit from a bulk portion of the wafer. 
2. The method of claim 1, in which etching the at least one 

via comprises etching the at least one via through an area of 
the wafer occupied by the integrated circuit. 

3. The method of claim 1, further comprising: 
depositing a barrier layer on at least portions of the wafer 

exposed in the at least one via; and 
etching the barrier layer from a bottom surface of the at 

least one via before the releasing step. 
4. The method of claim 3, in which the step of releasing at 

least the portion of the wafer comprises isotropically etching 
the wafer from the bottom surface of the at least one via. 

5. The method of claim 4, in which the step of isotropically 
etching the wafer comprises etching the wafer with xenon 
di?uoride QieFZ). 

6. The method of claim 4, in which the step of isotropically 
etching the wafer comprises isotropically etching a silicon 
wafer having a <100> crystal lattice. 

7. The method of claim 3, in which the step of depositing 
the barrier layer comprises growing a thermal oxide. 
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8. The method of claim 1, in which the step of etching the 
at least one via into the wafer comprises deep reactive ion 
etching (DRIE). 

9. The method of claim 1, further comprising manufactur 
ing a second integrated circuit on at least a portion of the bulk 
portion of the wafer. 

10. The method of claim 9, further comprising: 
etching at least one via into the second integrated circuit; 

and 
releasing at least the portion of the wafer having the second 

manufactured integrated circuit. 
11. The method of claim 1, further comprising depositing a 

protective layer on the wafer before etching the at least one 
via in the wafer. 

12. The method of claim 11, in which the step of depositing 
the protective layer comprises depositing at least one of a 
silicon oxide and a silicon nitride. 

13. The method of claim 1, further comprising packaging 
the integrated circuit. 

14. The method of claim 1, in which the step of manufac 
turing the integrated circuit comprises manufacturing at least 
one of implantable biomedical devices, renewable energy 
devices, biomimic-robotic devices, and ?exible displays. 

15. A method, comprising: 
manufacturing a ?rst integrated circuit on a wafer; 
releasing a ?rst thickness of the wafer including the ?rst 

integrated circuit from the wafer; 
manufacturing a second integrated circuit on the wafer; and 
releasing a second thickness of the wafer including the 

second integrated circuit from the wafer. 
16. The method of claim 15, in which the step of releasing 

the ?rst thickness of the wafer comprises: 
etching at least one via into the wafer; 
depositing a barrier layer on exposed surfaces of the at least 

one via; 
removing the barrier layer from a bottom surface of the at 

least one via; and 
isotropically etching the wafer through the bottom surface 

of the at least one via. 

17. The method of claim 15, further comprising: 
manufacturing a third integrated circuit on the wafer; and 
packaging the third integrated circuit without releasing the 

third integrated circuit from the wafer. 
18. The method of claim 15, in which the step of manufac 

turing the second integrated circuit comprises manufacturing 
a second integrated circuit different from the ?rst integrated 
circuit. 

19. The method of claim 15, further comprising packaging 
the ?rst integrated circuit and the second integrated circuit. 

20. The method of claim 14, in which the step of manufac 
turing the ?rst integrated circuit comprises manufacturing at 
least one of implantable biomedical devices, renewable 
energy devices, biomimic-robotic devices, and ?exible dis 
plays. 


