
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0234894 A1 

US 2004O234.894A1 

Kirmse (43) Pub. Date: Nov. 25, 2004 

(54) METHOD FOR FORMING A VIA INA (52) U.S. Cl. ........................... 430/311; 430/313; 430/316 
SUBSTRATE 

(75) Inventor: Karen H. R. Kirmse, Richardson, TX (57) ABSTRACT 
(US) The present invention provides a method for forming a via 
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9 embodiment the opening 220 has a predetermined width 
(73) Assignee: Texas Instruments Incorporated, Dal- 230. The method may further include etching into the 
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s 310 is formed, the intermediate opening 310 having a 

(21) Appl. No.: 10/444,340 decreasing width that terminates at a targeted width 320 less 
9 than the predetermined width 230. Additionally, the method 

(22) Filed: May 23, 2003 may include continuing the etching within the intermediate 
opening 310 and at least partially into the substrate 110 to 

Publication Classification form a via opening 510 in the substrate. In this particular 
embodiment, the width 520 of the via opening 510 is 
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METHOD FOR FORMING AWA IN A SUBSTRATE 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention is directed, in general, to a 
method for forming an opening and, more specifically, to a 
method for forming a via in a Substrate. 

BACKGROUND OF THE INVENTION 

0002 With the increasing Sophistication and expertise in 
the fabrication of Semiconductor devices, coupled with a 
demand for increasingly Smaller die sizes, Semiconductor 
device geometries, Such as, for example, active transistor 
devices, are becoming Smaller. The decreasing Size of the 
active transistor devices currently requires that the intercon 
nects contacting those active transistorS also reduce in size. 
Presently, however, limits in photolithographic critical 
dimensions hamper this effort. 
0003 Currently, in an effort to reduce the width of the 
interconnects, those skilled in the Semiconductor industry 
use a customized etch that causes the Sidewalls of the 
interconnect Vias to be sloped inwards. In other words, the 
Sidewalls of the interconnect Vias are not Substantially 
Vertical. Thus, where the top of the interconnect via has a 
width of X, the bottom of the interconnect via has a width 
substantially less than X. Obviously, the difference in width 
between the top of the interconnect via and the bottom of the 
interconnect Via depends on the thickness of the layer the 
interconnect via is being formed within, as well as the 
sidewall angles. The result, however, is that the width of the 
lower portion of the interconnect via is Substantially leSS 
than the width of the opening of the via. Unfortunately, this 
proceSS is difficult to control. 
0004. Accordingly, what is needed in the art is a new 
method for forming Vias in a Substrate that does not expe 
rience the drawbacks of the prior art methods. 

SUMMARY OF THE INVENTION 

0005 To address the above-discussed deficiencies of the 
prior art, the present invention provides a method for form 
ing a via in a Substrate. The method, in one embodiment of 
the invention, includes patterning an opening in a photore 
sist layer located over an intermediate layer located over a 
Substrate. In that particular embodiment the opening has a 
predetermined width. The method may further include etch 
ing into the intermediate layer Such that an intermediate 
opening is formed, the intermediate opening having a 
decreasing width that terminates at a targeted width less than 
the predetermined width. Additionally, the method may 
include continuing the etching within the intermediate open 
ing and at least partially into the Substrate to form a via 
opening in the Substrate. In this particular embodiment, the 
width of the via opening is Substantially equal to the targeted 
width. 

0006 The present invention further includes a method of 
manufacturing an integrated circuit using the aforemen 
tioned method of manufacturing a via, however, in this 
embodiment the via is within an interlevel dielectric layer. In 
addition to forming the via in an interlevel dielectric layer, 
the method of manufacturing an integrated circuit includes 
forming transistors over a Semiconductor Substrate. 
0007. The foregoing has outlined preferred and alterna 
tive features of the present invention so that those skilled in 
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the art may better understand the detailed description of the 
invention that follows. Additional features of the invention 
will be described hereinafter that form the subject of the 
claims of the invention. Those skilled in the art should 
appreciate that they can readily use the disclosed conception 
and Specific embodiment as a basis for designing or modi 
fying other Structures for carrying out the same purposes of 
the present invention. Those skilled in the art should also 
realize that Such equivalent constructions do not depart from 
the Spirit and Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The invention is best understood from the follow 
ing detailed description when read with the accompanying 
FIGUREs. It is emphasized that in accordance with the 
Standard practice in the Semiconductor industry, various 
features are not drawn to Scale. In fact, the dimensions of the 
various features may be arbitrarily increased or reduced for 
clarity of discussion. Reference is now made to the follow 
ing descriptions taken in conjunction with the accompanying 
drawings, in which: 
0009 FIG. 1 illustrates a cross-sectional view of certain 
layers thru which a via structure will be subsequently 
formed in accordance with the principles of the present 
invention; 
0010 FIG. 2 illustrates a cross-sectional view of the 
partially completed via structure illustrated in FIG. 1 after 
a photoresist layer has been conventionally blanket depos 
ited over the intermediate layer and patterned; 
0011 FIG. 3 illustrates a cross-sectional view of the 
partially completed via structure illustrated in FIG. 2 after 
etching through the intermediate layer Such that an interme 
diate opening is formed therein; 
0012 FIGS. 4A and 4B illustrate cross-sectional views 
of the partially completed via structure illustrated in FIG. 3 
after continuing the etching within the intermediate opening 
and at least partially into the Substrate; 
0013 FIG. 5 illustrates a cross-sectional view of the 
partially completed via structure illustrated in FIGS. 4A and 
4B after etching through the substrate such that a via 
opening is formed therein; and 
0014 FIG. 6 illustrates a cross-sectional view of a con 
ventional integrated circuit that might be manufactured 
according to the principles of the present invention. 

DETAILED DESCRIPTION 

0015 The present invention, in contrast to the prior art, 
uses (among other things) an intermediate layer and the 
differences in etch rates between the intermediate layer and 
a Substrate located there below, to manufacture Vias in that 
substrate that have widths substantially less than currently 
achievable in the art. More Specifically, the present invention 
has recognized that if the material composition or etchant 
type used to create an opening in the intermediate layer 
(which happens to be a sacrificial layer) can be tailored Such 
that its Sidewalls are sloped inwards after etching, the width 
of the resulting via in the Substrate may be Substantially 
reduced. 

0016. The present invention has further recognized that 
(among other things) the etch rate of a layer of material has 
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an impact on the profile of its Sidewalls. Accordingly, it has 
been observed that Slower etch rates provide inward Sloping 
Sidewalls and faster etch rates provide Substantially vertical 
sidewalls. Therefore, as will be detailed below, if the etch 
rate of the intermediate layer is reduced (whether it is 
because of material composition or etchant used) and the 
etch rate of the Substrate is increased (whether it is because 
of material composition or etchant used), respectively, then 
the profile of the opening in the intermediate layer would be 
sloping inwards and the profile of the opening in the 
substrate would be substantially vertical. As the base of the 
opening in the intermediate layer would Substantially define 
the width of the opening in the Substrate, a narrower via 
width could be obtained than is currently obtainable in the 
prior art. 

0017 Referring now to FIGS. 1-5, illustrated are cross 
Sectional views of detailed manufacturing Steps instructing 
how one might, in an advantageous embodiment, manufac 
ture a via in a Substrate in accordance with the principles of 
the present invention. Before turning to the FIGS. 1-5 it 
should be noted that the term via, as used herein, is defined 
to include all openings, including trenches, Vias and contact 
openings, formed within a Substrate in a microelectronics or 
optoelectronics device. Accordingly, the present invention is 
not limited only to traditional via Structures. 

0018 With initial reference to FIG. 1, illustrated is a 
croSS-Sectional view of certain layers thru which a via 
Structure 100 will be Subsequently formed in accordance 
with the principles of the present invention. The partially 
completed via structure 100 shown in the embodiment of 
FIG. 1 includes a substrate 110. The substrate 110 may, in 
an exemplary embodiment, be any layer located in a micro 
electronics device, optoelectronics device, or any other 
known device. For example, in the particular embodiment 
shown, the substrate 110 is a dielectric layer, however, in 
certain other embodiments the substrate 110 may be a wafer 
itself or a layer located above the wafer (e.g., epitaxial 
layer). While the present invention will be discussed using 
a dielectric layer, and more particularly an interlevel dielec 
tric layer, as the substrate 110, those skilled in the art 
understand that the substrate 110 could be many other layers 
without departing from the Scope of the present invention. 

0019. The substrate 110 may, regardless of its location, 
comprise a variety of materials. In certain embodiments of 
this invention, the material composition of the substrate 110 
is very important. For example, the material composition of 
the substrate 110 may be predetermined and optimized to 
cause an etchant used thereon to etch at a certain rate. 
Particularly, the material composition of the substrate 110 
may be configured to cause the substrate 110 to etch fast 
enough that its resulting Sidewalls are Substantially vertical. 
For example, without limitation, the Substrate 110 may be 
Selected from the group of materials including fluoro Silicate 
glass (FSG), phospho silicate glass (PSG) and organo sili 
cate glass (OSG). In an alternative embodiment, however, 
the material composition of the substrate 110 is less impor 
tant than the particular etchant used to etch that layer. 
Nonetheless, a number of disclosed, as well as undisclosed 
materials may be used for the Substrate 110. 

0020 Formed over the substrate 110 in the embodiment 
shown in FIG. 1 is an intermediate layer 120. The interme 
diate layer 120, in contrast to any prior art intervening 
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layers, allows the final via in the substrate 110 to have a 
Substantially Smaller via opening width than was originally 
obtainable in the prior art. Of importance to the intermediate 
layer 120 is its material composition and/or thickness. 
Depending on which embodiment of the present invention is 
being used, the material composition and/or thickness may 
also be very instrumental. 
0021) While a number of known intermediate layer 120 
material compositions may work, it has been observed 
during developing the present invention that a bottom anti 
reflective coating (BARC) layer is particularly useful as the 
intermediate layer 120. As the BARC layer is currently 
already included within many photolithographic processing 
procedures, if tailored correctly, it may play a dual function. 
In other words it may act as an anti-reflective coating as well 
as a layer that allows the Via opening width to be Substan 
tially reduced. For example a standard AR19 BARC layer 
available from Shipley Company, with a primary place of 
business at 455 Forest Street, Marlborough, Mass. 01752, 
might be used. Other intermediate layer materials may be 
used, including without limitation Silicon nitride and Silicon 
carbide. 

0022 Notwithstanding the material composition of the 
intermediate layer 120, and depending on the particular 
embodiment being used to manufacture the Via, high etch 
selectivity between the intermediate layer 120 and substrate 
110 would generally be desired. If the BARC layer were not 
used as the intermediate layer 120, other materials Such as 
Silicon, Silicon carbide, tantalum nitride, etc., could other 
wise be used. 

0023 AS indicated above, the thickness of the interme 
diate layer 120 is of particular importance. For example, for 
a given initial opening width, the thickness of the interme 
diate layer is almost as important as the degree of Slope of 
the Sidewall angles, when determining the lower width of the 
intermediate layer 120 opening. Nonetheless, it is believed 
that an intermediate layer thickness ranging from about 20 
nm to about 100 nm would suffice. 

0024 Turning now to FIG. 2, illustrated is a cross 
sectional view of the partially completed via structure 100 
illustrated in FIG. 1 after a photoresist layer 210 has been 
conventionally blanket deposited over the intermediate layer 
120 and patterned. The photoresist layer 210, which may 
comprise any known or hereafter discovered photoresist 
material, may have a range of thicknesses while Staying 
within the broad scope of the present invention. Namely, 
however, the photoresist layer 210 is a conventional organic 
photoresist layer having a thickneSS ranging from about 250 
nm to about 500 nm, and particularly, about 330 nm to about 
380 nm. 

0025 AS is illustrated in FIG. 2, the patterned photoresist 
layer 210 has an opening 220 located therein having a 
predetermined width 230. Those skilled in the art understand 
the procedure for forming the opening 220 in the photoresist 
layer 210, including conventionally flashing, developing and 
Washing the photoresist layer 210. Conventional lithography 
techniques currently limit the minimum predetermined 
opening width 230 that can be obtained within the photo 
resist layer 210, or alternatively, cost entirely too much to 
obtain Such an opening that the technique is cost-prohibitive. 
Accordingly, the predetermined width 230 for the opening 
220 in the photoresist layer 210 should range from about 100 
nm to about 150 nm. 



US 2004/0234894 A1 

0.026 Turning now to FIG. 3, illustrated is a cross 
sectional view of the partially completed via structure 100 
illustrated in FIG. 2 after etching through the intermediate 
layer 120 such that an intermediate opening 310 is formed 
therein. As is noticed in FIG. 3, the intermediate opening 
310 has a decreasing width that terminates at a targeted 
width 320 that is less than the predetermined width 230. 

0.027 AS indicated previously, it is believed that the 
sloping Sidewalls are at least in part caused by the slow 
etching rate of either the etchant forming the opening 310 
and/or the material composition of the intermediate layer 
120. In one instance, the slower etch rate permits more 
polymer deposition on the feature Sidewalls being formed 
through the intermediate layer 120, causing the Sidewalls to 
Slope. Thus, for instance, a material having a slower etch rate 
for the chosen process gas composition could be used as the 
intermediate layer 120, or alternatively, an etchant having a 
slow etch rate could be used, or both. Often times, the 
polymer composition and concentration of the etch chem 
istry used determines this etch rate, and therefore increasing 
or decreasing degree of slope. However, notwithstanding the 
actual process and/or material make-up used to form the 
Sloped Sidewalls in the opening 310, nor the actual cause for 
the sloped Sidewalls in the opening 310, their presence 
allows the predetermined width 230 to be substantially 
reduced to the targeted width 320. 

0028. Obviously, the difference between the predeter 
mined width 230 and the targeted width 320 is based upon 
the material chosen and/or etchant chosen, and thus, the 
sidewall angle of the intermediate opening 310 and/or the 
thickness of the intermediate layer 120. It is believed that an 
optimal degree of Slope for the intermediate opening 310 
ranges from about 60 degrees to less than about 87 degrees, 
with an exemplary value ranging from about 75 degrees to 
about 85 degrees. A degree of Slope of 87 degrees or above 
would generally render the intermediate opening 310 Side 
walls Substantially vertical, and therefore, the intermediate 
layer 120 would be of limited use. 

0029) Turning now to FIGS. 4A and 4B, illustrated are 
croSS-Sectional views of the partially completed via Structure 
100 illustrated in FIG.3 after continuing the etching within 
the intermediate opening 310 and at least partially into the 
Substrate 110. With reference to FIG. 4A, shown is an 
embodiment where the slow etch rate was mostly a function 
of the etchant used, and not the etchant Selectivity between 
the substrate 110 and the intermediate layer 120. Notice that 
as the etching continues into the substrate 110 the sloped 
Sidewalls remain. AS the sloped Sidewalls are generally not 
desired in the via formed within the Substrate 110, it is 
optimal to Stop the etching as Soon as the intermediate 
opening 310 passes through the entire intermediate layer 120 
and into the Substrate 110. 

0030) Therefore, in the embodiment of FIG. 4A a first 
etchant having a first etch rate may be used to etch through 
the intermediate layer 120 and at least partially into the 
Substrate 110, and Subsequent thereto a Second etchant 
having a Second faster etch rate could be used to complete 
the via opening in the substrate 110. While those skilled in 
the art understand that the chemical make-up of the first and 
Second etchants are largely dependent on the material make 
up of the intermediate layer 120 and substrate 110, respec 
tively, in one embodiment of the invention the first etchant 
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is Selected having a first etchant gas ratio and the Second 
etchant is Selected having a different Second etchant gas 
ratio. For example, the first etchant gas ratio could cause a 
larger amount of polymerization than the Second etchant gas 
ratio. 

0031 Turning now to FIG. 4B, shown is an embodiment 
where the slow etch rate in the intermediate layer 120 is a 
function of the material composition of the intermediate 
layer 120, and likewise, the faster etch rate in the substrate 
110 is a function of the material composition of the substrate 
110. Notice in this embodiment that as the etching continues 
into the substrate 110 the sloped sidewalls do not remain. 
Because the etching rate increases once the etchant makes it 
through the intermediate layer 120 and into the substrate 
110, the sloped Sidewalls no longer exist. Actually, in this 
embodiment, the initial etch Step could continue without 
Stopping until the Via opening is formed through the Sub 
strate 110, Such as shown in FIG. 5. 

0032) While FIGS. 4A and 4B have been used to show 
the different techniques that could be used to form the sloped 
sidewalls within the intermediate layer 120, those skilled in 
the art understand that a combination of both techniques 
could also be used. In Such an embodiment, an increased 
amount of control could be afforded to the process. AS those 
skilled in the art are well aware, control is always a positive 
attribute in a patterning process. 

0033 Turning now to FIG. 5, illustrated is a cross 
sectional view of the partially completed via structure 100 
illustrated in FIGS. 4A and 4B after etching through the 
substrate 110 such that a via opening 510 is formed therein. 
In the present embodiment, the via opening 510 has a via 
opening width 520 that is substantially equal to the targeted 
width 320. This attribute is only possible if the sidewalls of 
the via opening 510 are substantially vertical. In an exem 
plary embodiment, the via opening width ranges from about 
80 nm to about 130 nm, however, other widths are within the 
Scope of the present invention. 

0034. No other known process allows the sidewalls of the 
via opening 510 to be substantially vertical, while allowing 
the via opening width 520 to be substantially smaller than 
the minimum photoresist opening width currently obtainable 
with today's photolithographic processes. For example, in 
an advantageous embodiment the ratio of the width 230 of 
the opening 220 in the photoresist layer 210 and the via 
opening width 520 is about 12:10.5. In an alternative 
embodiment, the ratio of the width 230 of the opening 220 
in the photoresist layer 210 and the via opening width 520 
is even greater and, thus, about 12:8. 
0035. After completely etching through the substrate 110 
Such that a via opening 510 is formed therein, the remaining 
photoresist layer 210 and intermediate layer 120 may be 
conventionally removed. What results is a via opening 510 
having a via opening width 520 that is substantially reduced 
from that in the prior art, while also having Substantially 
Vertical Sidewall angles. 

0036 While the present invention has been described as 
only requiring an intermediate layer 120 located over a 
Substrate 110, those skilled in the art understand that various 
other layers could be included above, between or below 
either of the substrate 110 or the intermediate layer 120. For 
example, optionally located between the substrate 110 and 
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the intermediate layer 120 may be a barrier layer. While not 
required, the barrier layer helps define the final via opening 
510 formed within the Substrate 110. The barrier layer, may 
comprise a variety of materials and thicknesses. Among 
others, a Silicon nitride barrier layer is useful. Likewise, and 
among others, a barrier layer thickness ranging from about 
15 nm to about 60 nm, and more specifically about 25 nm. 
to about 35 nm, has been found to be very useful. 
0037 Additionally, optionally located between the bar 
rier layer and the intermediate layer 120 may be a sacrificial 
hard mask layer. The Sacrificial hard mask layer may com 
prise a variety of different materials, however, a tetraethy 
lorhtosilicate (TEOS) layer works well. Similarly, the sac 
rificial hard mask layer may have a wide range of 
thicknesses. For example, thicknesses between about 2 nm 
and about 10 nm, and more specifically a thickness of about 
5 nm, have been found to work very well with the present 
invention. 

0038 Turning briefly to FIG. 6, there is illustrated a 
cross-sectional view of an integrated circuit 600 that might 
be manufactured according to the principles of the present 
invention. The integrated circuit 600 may include a CMOS 
device, a BiCMOS device, a Bipolar device, or other type of 
integrated circuit device. Shown in FIG. 6 are components 
of the integrated circuit 600, including: transistors 610, 
including the gate oxide layer 620, and interlevel dielectric 
layers 630, in which via openings 640 in accordance with the 
present invention have been included. In the embodiment 
shown in FIG. 6, the via openings 640 and contacts 650 
formed therein connect the transistors 610 to other areas of 
the integrated circuit 600. In addition to the intermediate 
layer 660, the integrated circuit 600 includes a barrier layer 
670 and a sacrificial hard mask layer 680. 
0039. Although the present invention has been described 
in detail, those skilled in the art should understand that they 
can make various changes, Substitutions and alterations 
herein without departing from the Spirit and Scope of the 
invention in its broadest form. 

What is claimed is: 
1. A method for forming a via in a Substrate, comprising: 
patterning an opening in a photoresist layer located over 

an intermediate layer located over a Substrate, Said 
opening having a predetermined width; 

etching into Said intermediate layer Such that an interme 
diate opening is formed, said intermediate opening 
having a decreasing width that terminates at a targeted 
width less than said predetermined width; and 

continuing Said etching within Said intermediate opening 
and at least partially into Said Substrate to form a via 
opening in Said Substrate wherein a width of Said via 
opening is Substantially equal to Said targeted width. 

2. The method as recited in claim 1 wherein sidewalls of 
Said via opening are Substantially vertical. 

3. The method as recited in claim 1 wherein said inter 
mediate opening has a degree of Slope ranging from about 60 
degrees to leSS than about 87 degrees. 

4. The method as recited in claim 1 wherein a ratio of said 
width of Said opening in Said photoresist layer and Said via 
opening ranges from about 12:10.5 to about 12:8. 

5. The method as recited in claim 4 wherein said width of 
Said opening in Said photoresist layer ranges from about 100 

Nov. 25, 2004 

nm to about 150 nm and said width of said via opening 
ranges from about 80 nm to about 130 nm. 

6. The method as recited in claim 1 wherein etching into 
Said intermediate layer and at least partially into Said Sub 
Strate includes etching through Said intermediate layer using 
a first etchant, and Said method further including etching 
through Said Substrate to form a via opening using a Second 
etchant. 

7. The method as recited in claim 6 wherein said first 
etchant causes Said intermediate layer to etch at a first rate, 
and Said Second etchant causes Said Substrate to etch at a 
Second, faster rate. 

8. The method as recited in claim 7 wherein said first 
etchant is Selected having a first etchant gas ratio and the 
Second etchant is Selected having a different Second etchant 
gas ratio. 

9. The method as recited in claim 1 wherein said inter 
mediate layer comprises a material having a first etch rate 
and Said Substrate comprises a material having a Second, 
faster etch rate. 

10. The method as recited in claim 9 wherein said 
intermediate layer is Selected from the group of materials 
including BARC, Silicon nitride and Silicon carbide, and Said 
Substrate is Selected from the group of materials including 
fluorosilicate glass (FSG), phospho silicate glass (PSG) and 
organo silicate glass (OSG). 

11. The method as recited in claim 1 further including 
removing Said intermediate layer Subsequent to Said con 
tinuing Said etching. 

12. A method for manufacturing an integrated circuit, 
including: 

forming transistors over a Semiconductor Substrate; 
placing an interlevel dielectric layer over Said transistors, 

and 

creating Vias in Said interlevel dielectric layer, including, 
patterning openings in a photoresist layer located over 

an intermediate layer located over Said interlevel 
dielectric layer, Said opening having a predetermined 
width; 

etching into Said intermediate layer Such that an inter 
mediate opening is formed, Said intermediate open 
ing having a decreasing width that terminates at a 
targeted width less than Said predetermined width; 
and 

continuing Said etching within Said intermediate open 
ing and at least partially into Said interlevel dielectric 
layer to form a via opening in Said interlevel dielec 
tric layer wherein a width of Said via opening is 
Substantially equal to Said targeted width. 

13. The method as recited in claim 12 wherein sidewalls 
of Said via opening are Substantially vertical. 

14. The method as recited in claim 12 wherein said 
intermediate opening has a degree of Slope ranging from 
about 60 degrees to less than about 87 degrees. 

15. The method as recited in claim 12 wherein a ratio of 
Said width of Said opening in Said photoresist layer and Said 
via opening ranges from about 12:10.5 to about 12:8. 

16. The method as recited in claim 15 wherein said width 
of Said opening in Said photoresist layer ranges from about 
100 nm to about 150 nm and said width of said via opening 
ranges from about 80 nm to about 130 nm. 
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17. The method as recited in claim 12 wherein etching 
into Said intermediate layer and at least partially into Said 
interlevel dielectric layer includes etching through said 
intermediate layer using a first etchant, and Said method 
further including etching through Said interlevel dielectric 
layer to form a via opening using a Second etchant. 

18. The method as recited in claim 17 wherein said first 
etchant causes Said intermediate layer to etch at a first rate, 
and Said Second etchant causes Said interlevel dielectric 
layer to etch at a Second, faster rate. 
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19. The method as recited in claim 12 wherein said 
intermediate layer comprises a material having a first etch 
rate and Said interlevel dielectric layer comprises a material 
having a Second, faster etch rate. 

20. The method as recited in claim 12 further including 
removing Said intermediate layer Subsequent to Said con 
tinuing Said etching. 


