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(57) ABSTRACT 

A semiconductor Wafer is diced before thinning. The Wafer 
is diced only part of the Way through, to form grooves Which 
are at least as deep as the ?nal thickness of each chip to be 
obtained from the Wafer. Then, the Wafer is placed into a 
non-contact Wafer holder, and the Wafer backside is blanket 
etched With a dry etch, for example, atmospheric pressure 
plasma etch. The Wafer is thinned until the grooves are 
exposed from the backside. The dry etch leaves the chip’s 
backside smooth. After the grooves have been exposed, the 
dry etch is continued to remove damage from the chip 
sidewalls and to round the chips’ bottom edges and corners. 
As a result, the chip becomes more reliable, and in particular 
more resistant to thermal and other stresses. 
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THINNING AND DICING OF SEMICONDUCTOR 
WAFERS USING DRY ETCH, AND OBTAINING 
SEMICONDUCTOR CHIPS WITH ROUNDED 

BOTTOM EDGES AND CORNERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation in part of 
US. patent application Ser. No. 09/083,927 ?led May 22, 
1998, incorporated herein by reference, Which is a continu 
ation of PCT application PCT/US97/ 18979 (W0 98/ 19337), 
having an international ?ling date of Oct. 27, 1997, incor 
porated herein by reference, Which claims priority of US. 
provisional application Ser. No. 60/030,425 ?led Oct. 29, 
1996, incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to thinning and dicing 
of semiconductor Wafers using a dry etch. 

[0003] In many semiconductor fabrication processes, 
When circuitry has been fabricated in a semiconductor Wafer, 
the Wafer is thinned and then diced into chips. The thinning 
is typically performed With mechanical lapping. Dicing is 
performed With a diamond saW or a laser. The diamond saW 
or the laser can be used to cut the Wafer all the Way through 
along scribe lines. Alternatively, the Wafer is cut part of the 
Way through, and then broken. 

[0004] The thinning and dicing processes can damage the 
Wafer. It is desirable to provide alternative processes that 
reduce Wafer damage and prolong the lifetime of chips 
obtained from the Wafer. 

SUMMARY 

[0005] Some embodiments of the present invention reduce 
or eliminate Wafer damage and prolong the chip lifetime by 
dicing the Wafer part of the Way through and then thinning 
the Wafer With a dry etch. The chip lifetime is prolonged 
because the dry etch removes damage from chip surfaces 
and rounds the chip’s edges and corners. 

[0006] More particularly, as illustrated in FIG. 1, a chip 
110 obtained by prior art thinning and dicing techniques may 
have uneven, damaged surfaces 110B, 110S, With sharp 
bottom corners and edges. Surface 110B is the chip’s 
backside, and surfaces 110S are sideWalls. The Wafer has 
been thinned from backside 110B by mechanical lapping, 
and then diced along sideWalls 110S With a diamond saW or 
a laser apparatus. These thinning and dicing processes 
damage the backside 110B and sideWalls 110S. The damage 
may include chipped, jagged surfaces, and microcracks. 
When the chip 110 is later packaged and put into use, the 
chip is subjected to heating and cooling cycles. These cycles 
cause the chip’s packaging material (not shoWn) to exert 
stresses on the chip. Additional stresses can be developed 
inside the chip due to the thermal cycles, chip handling, or 
the presence of different materials or other non-uniformities 
inside the chip. Because the chip surfaces 110B, 110S are 
damaged, and because they intersect at sharp edges and 
corners, the stresses concentrate at isolated points on the 
chip surface. Further, microcracks Weaken the chip’s resis 
tance to stress. As a result, the chip becomes less reliable. 
Cracks formed or eXtended by stresses in the chip can reach 
and damage the chip circuitry (not shoWn). 
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[0007] Dry etch provides smoother chip surfaces and 
rounded edges and corners. Damage is reduced or elimi 
nated. The chip reliability is therefore improved. 

[0008] In some embodiments of the present invention, the 
Wafer is processed as folloWs. The Wafer is diced to form 
grooves in the face side of the Wafer. The grooves are at least 
as deep as the ?nal thickness of each chip to be obtained 
from the Wafer. Dicing can be performed With a diamond 
saW or a laser. The grooves’ sideWalls can be damaged. 

[0009] Then the Wafer is placed into a non-contact Wafer 
holder, and the Wafer backside is etched With the dry etch 
until the grooves are eXposed from the backside. The dry 
etch leaves the chips’ backside smooth. In some embodi 
ments, the dry etch continues after the grooves have been 
eXposed from the backside. The etchant gets into the grooves 
and smoothens the chip sideWalls, removing at least some of 
the sideWall damage. The etchant also rounds the bottom 
corners and edges of the chips. 

[0010] Suitable etches include atmospheric pressure 
plasma etches described, for eXample, in the aforementioned 
US. patent application Ser. No. 09/083,927. These etches 
are fairly fast. Silicon can be etched at 10 pm/min. 

[0011] In some embodiments, the dry etch is a blanket 
uniform etch of the Wafer’s ?at backside surface. No mask 
ing layers are used on the backside surface. 

[0012] The invention is not limited to the embodiments 
described above. In some embodiments, one or more open 
ings are formed in a ?rst surface of a semiconductor Wafer 
along a boundary of one or more chips. The openings do not 
go through the Wafer. The Wafer is placed into a non-contact 
Wafer holder and thinned With a dry etch until the openings 
are eXposed on a second side. 

[0013] Other features of the invention are described 
beloW. The invention is de?ned by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 
chip. 

FIG. 1 is a side vieW of a prior art semiconductor 

[0015] FIG. 2A is a top vieW of a Wafer being processed 
according to an embodiment of the present invention. 

[0016] FIG. 2B shoWs a cross-section of the Wafer of 
FIG. 2A along the lines II-II. 

[0017] FIGS. 3 and 4 are cross-sections illustration of a 
Wafer and processing equipment during Wafer thinning 
according to an embodiment of the present invention. 

[0018] FIG. 5 is a perspective vieW of a chip processed 
according to an embodiment of the present invention. 

[0019] FIG. 6 is a side vieW of a packaged chip processed 
according to an embodiment of the present invention. 

[0020] FIGS. 7 through 11 are cross-section illustrations 
of Wafers being processed according to embodiments of the 
present invention. 

DESCRIPTION OF SOME EMBODIMENTS 

[0021] FIG. 2A is a top vieW of a semiconductor Wafer 
210 shoWn before the Wafer is thinned With a dry etch. FIG. 
2B is a cross sectional vieW of the Wafer along the lines II-II 
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in FIG. 2A. Circuitry has been fabricated in the Wafer, and 
the Wafer must noW be divided into chips 110. The circuitry 
may include transistors, diodes, and other devices (not 
shoWn) manufactured in and over an active layer 220 (FIG. 
2B) adjacent to the Wafer top surface 210F (the surface 
shoWn in FIG. 2A). Optional conductive bumps 216 have 
been manufactured on contact pads on top surface 210F of 
chips 110. The bumps Will be used to connect the chips to 
Wiring substrates (not shoWn), e.g., printed circuit boards. 

[0022] The Wafer thickness 240 has been suf?ciently large 
to achieve suitable mechanical strength and heat dissipation 
during fabrication of the Wafer circuitry. 720 pm is suitable 
for some silicon Wafer fabrication processes. The Wafer Will 
noW to be thinned to its ?nal thickness 250. In some 
embodiments, the ?nal thickness is 10-450 pm. These thick 
ness ?gures are illustrative and not limiting. 

[0023] After the circuitry and the bumps 216 Were manu 
factured, grooves 260 Were formed in the Wafer top surface 
along scribe lines and, in particular, along the boundary of 
chips 110. The grooves could be formed by conventional 
dicing techniques, eg With a diamond saW or a laser. Other 
processes, e.g., a masked etch, could also be used. The 
grooves do not go through the Wafer. The grooves are at least 
as deep as the ?nal chip thickness 250. In some embodi 
ments, the groove depth is 10-450 pm. The grooves Will be 
eXposed from the bottom during Wafer thinning When the 
Wafer back side 110B is etched, as described beloW. 

[0024] The groove sideWall and bottom surfaces 270 can 
be damaged by dicing, as schematically shoWn by uneven 
lines in FIGS. 2A, 2B. 

[0025] Wafer 210 is placed in a non-contact Wafer holder 
510 (FIG. 3). Holder 510 includes one or more vorteX 
chucks 520 having outlets in the holder’s surface 524. 
Surface 524 faces the top surface of the Wafer. Gas supplied 
under pressure through a conduit 522 enter chucks 520 
through respective passages 523. Each passage is tangential 
to the chuck’s cylindrical chamber When vieWed from the 
top. A gas vorteX 525 emitted by each chuck toWards the 
Wafer generates a loW pressure Zone near the chuck’s 
vertical aXis. In this Zone, the Wafer is draWn toWards the 
chuck. At the same time, the gas vortices do not alloW the 
Wafer to touch the holder surface 524. Such Wafer holders 
are described, for eXample, in US. patent application Ser. 
No. 09/456,135 “Non-Contact Workpiece Holder” ?led by 
O. Siniaguine et al. on Dec. 7, 1999 and incorporated herein 
by reference. Other suitable holders are described in PCT 
publication WO 99/46805 (TruSi Technologies, LLC, Sep. 
16, 1999) incorporated herein by reference. Other holders, 
for eXample, Bernoulli type holders, can also be used. 

[0026] Wafer holder 510 is called “non-contact” because 
the top surface of the Wafer does not contact the holder 
surface 524. HoWever, the edge of the Wafer can contact the 
holder’s limitors 526 Which eXtend around the Wafer to 
restrict the Wafer lateral motion. In some embodiments, 
holder 510 is mounted on a rotating carousel (not shoWn). 
The carousel rotation develops a centrifugal force that 
presses the Wafer against one or more limitors 526. See PCT 
publication WO 99/26796 (TruSi Technologies, LLC, Jun. 3, 
1999). 
[0027] The Wafer backside surface 110B is etched With a 
dry etch. In FIG. 3, the etch is a blanket (unmasked) uniform 
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etch of the Wafer’s ?at semiconductor backside surface (e. g., 
silicon surface). The etch is atmospheric pressure plasma 
etch. Plasma generator 530 generates plasma 540 into Which 
suitable reagents are injected. If the Wafer is made of silicon, 
a CF4 etch can be used. See PCT publication WO 98/19337 
(TruSi Technologies, LLC, May 7, 1998) incorporated 
herein by reference. A suitable etcher is type Tru-Etch 3000 
(trademark) available from TruSi Technologies, LLC, of 
Sunnyvale, Calif. The dry etch thins the Wafer until the 
grooves 260 are eXposed from the bottom. When the grooves 
are eXposed, the plasma enters the grooves and etches the 
groove sideWalls 270. The sideWalls become smoother as a 
result. The dicing damage becomes partially or completely 
removed from the sideWalls. The bottom corners and edges 
of chips 110 become rounded. 

[0028] Advantageously, some atmospheric pressure 
plasma etching processes described in WO 98/19337 are 
fast. Silicon can be etched at the rate of about 10 pm/min. 
Other kinds of etches can also be used. The dry etch can be 
preceded by mechanical lapping of the Wafer bottom surface 
110B. 

[0029] In some embodiments, before the backside etch, 
the groove depth 250 (FIG. 2) eXceeds the ?nal chip 
thickness by an amount needed to obtain the rounded edges 
and corners and smooth sideWalls for chips 110. The more 
the groove depth eXceeds the ?nal chip thickness, the longer 
the duration of the backside etch after the grooves have been 
eXposed from the bottom. The bottom corners and edges 
become more rounded, and more time is alloWed for side 
Wall damage removal. In some embodiments, the radius of 
the rounded corners is roughly 1.5 times the thickness of the 
material removed from the Wafer backside after the grooves 
are eXposed. The depth of the grooves also takes into 
account possible Wafer non-uniformity, the non-uniformity 
of the dicing process that creates the grooves, and the 
non-uniformity of the backside etch. If mechanical lapping 
or any other process is used to remove material from the 
Wafer backside before the dry etch illustrated in FIG. 5, the 
non-uniformity of such process can also be taken into 
account. In some embodiments, the groove depth 250 
eXceeds the ?nal chip thickness by 10 pm or more. 

[0030] When the grooves 260 become eXposed during the 
thinning etch of FIG. 3, chips 110 become separated from 
each other, but the chips are held in holder 510 by the 
vacuum forces developed by the gas vortices. The vorteX 
chucks 520 are positioned close to each other to insure that 
each chip 110 Will be adjacent to a loW pressure Zone 
developed by at least one chuck 520. In FIG. 4, “L” denotes 
the greatest lateral dimension of each chip 110. “P” is the 
distance betWeen the centers of the adjacent chucks 520. “D” 
is the diameter of each chuck. “P” and “D” can vary for 
different chucks 520 in the same Wafer holder. The diameter 
D of each vorteX chuck should be small enough to prevent 
a chip from being sucked into the chuck. The chip should be 
balanced at a predetermined distance from the Wafer holder 
surface 524 by the vacuum forces draWing the chip toWards 
the holder and the opposite-direction forces generated 
betWeen the chucks by the gas ?oWing aWay from the 
chucks. In some embodiments, D<L/2 and P<L/2 for all the 
chucks. 

[0031] In some embodiments, each of P and D is less than 
one half of the shortest side of each rectangular chip 110. 
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[0032] In some embodiments, the distance between the 
adjacent chucks and the diameter of each chuck take into 
account the peripheral Wafer portions 320 (FIG. 2A). Each 
of P and D is less than one half of the greatest lateral 
dimension, or of the longest or shortest side, of each portion 
320. 

[0033] FIG. 5 is a perspective vieW of a chip 110 after the 
etch. The chip is shoWn bottom side up. The chip’s sideWalls 
1105 and bottom surface 110B are smooth. The edges 110E 
at Which the sideWalls 110S meet With each other and With 
the bottom surface 110B are rounded, and so are the bottom 
corners 110C. The smooth surfaces and the rounded edges 
and corners prolong the chip’s lifetime and improve the 
chip’s reliability. 

[0034] In FIG. 6, chip 110 has been mounted on a printed 
circuit board 610 using ?ip chip technology. Bumps 216 are 
soldered to the printed circuit board. Encapsulant 620 (suit 
able plastic) is deposited over the chip for protective pur 
poses. The chip’s smooth surfaces and rounded edges and 
corners prolong the chip’s lifetime. Similar advantages are 
achieved With non-?ip-chip packaging. 

[0035] In FIG. 7, the etch uniformity is improved by 
depositing a layer 310 over grooves 260 and Wafer portions 
adjacent to the grooves. Layer 310 is deposited before the 
backside etch of the Wafer. When chips 110 and peripheral 
portions 320 become separated during the backside etch, the 
layer 310 holds the chips and the portions 320 in the same 
position relative to each other. Therefore, the gaps betWeen 
the chips 110 and the peripheral portions 320 remain uni 
form, and hence the chip sideWalls (the sideWalls of grooves 
260) are etched uniformly. If some chips 110 Were too close 
to each other or to peripheral portions 320, the chips’ 
sideWalls could be etched too sloWly, and less damage Would 
be removed than desirable. Other sideWalls, farther from 
adjacent chips 110 or portions 320, could be undesirably 
overetched. 

[0036] Layer 310 also relaxes the requirements for the 
distance betWeen adjacent vortex chucks 520 and the diam 
eter of each chuck since the chips 110 and peripheral 
portions 320 are held in position by layer 310 throughout the 
backside etch. 

[0037] Layer 310 can be a sticky material Which adheres 
to the Wafer Without additional adhesive. Alternatively, 
adhesives can be used. In some embodiments, layer 310 is 
polyimide. Polyimide is chosen because it does not react 
With etchants utiliZed in some thinning processes (e.g., 
CF4). The thickness of polyimide layer 310 is 1 pm to 200 
pm in some embodiments. Other materials and thicknesses 
can also be used. In some embodiments, layer 310 is an 
adhesive tape such as described in US. Pat. No. 5,888,883 
issued on Mar. 30, 1999 to Sasaki et al. 

[0038] Layer 310 does not cover the middle portions of 
chips 110, including the bumps 216. The bumps, and any 
other uneven features of the chip top surface 210F, are 
believed to be capable of impeding adhesion of layer 310 to 
the Wafer. 

[0039] In some embodiments, layer 310 is pre-manufac 
tured as a continuous sheet. Then openings are cut out in 
layer 310 at the location of the middle portions of chips 110. 
Then layer 310 is deposited. 
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[0040] Layer 310 can be deposited using knoWn tech 
niques. In some embodiments, layer 310 is deposited at 
atmospheric pressure using a roller to remove air bubbles. 
Alternatively, layer 310 can be laminated on the Wafer in 
vacuum, With or Without a roller. 

[0041] In some embodiments, layer 310 covers peripheral 
portions 320. In FIG. 8, layer 310 covers the entire Wafer. 
In some embodiments, the top surface of chips 110 is even, 
bumps 216 are absent. 

[0042] The invention is not limited to layer 310 covering 
or exposing any particular features of the Wafer. 

[0043] Layer 310 prevents the plasma from going through 
the grooves 260 and damaging the circuitry at the top surface 
of the Wafer. Gas emitted by chucks 520 ?oWs doWn around 
the Wafer as shoWn at 550 in FIG. 3, and impedes the plasma 
from ?oWing up around the Wafer and reaching the Wafer top 
surface. As indicated in the aforementioned US. patent 
application Ser. No. 09/456,135, the chuck density can be 
made high at the edge of Wafer holder 510 to prevent the 
plasma from ?oWing up around the Wafer. Gas can be made 
to How doWn at all points around the Wafer. 

[0044] In FIG. 9, layer 310 has been deposited by a 
spin-on or spraying technique. Layer 310 ?lls grooves 260. 
(In contrast, in FIGS. 7 and 8, the grooves are not ?lled.) 
Layer 310 in FIG. 9 can be polymer or some other material. 

[0045] FIG. 10 shoWs the structure after the backside etch 
for FIG. 9. In the embodiment of FIG. 10, When layer 310 
is exposed from the bottom, layer 310 is etched faster than 
the Wafer substrate. Therefore, the bottom surface of layer 
310 is higher than the bottom surface of chips 110 and 
peripheral portions 320. The bottom corners and edges of 
chips 110 have been exposed to the etchant, and have been 
rounded. 

[0046] FIG. 11 illustrates an embodiment in Which the 
layer 310 is etched sloWer than the Wafer substrate. This is 
the case if layer 310 is polyimide, the Wafer is a silicon 
Wafer, and the etch is a CF4 plasma etch. Layer 310 is etched 
sloWly, but the microloading effect causes the chips 110 to 
be etched faster at the bottom edges adjacent to layer 310. 
As a result, the bottom edges and corners of chips 110 are 
rounded. 

[0047] After the etch of FIGS. 10 or 11, layer 310 is 
removed. In some embodiments, polyimide layer 310 is 
removed by oxygen plasma. 
[0048] The above embodiments illustrate but do not limit 
the invention. The invention is not limited to silicon Wafers 
or any packaging technology. The invention is not limited to 
plasma etching, or to any particular etch chemistry or type 
of etcher. The invention is not limited to Wafers containing 
multiple chips. In some embodiments, only one chip has 
been fabricated in the Wafer. The chip is extracted and the 
Wafer peripheral portions 320 are discarded. The invention 
is not limited to unmasked or uniform backside etches. Other 
embodiments and variations are Within the scope of the 
invention, as de?ned by the appended claims. 

1. A method for obtaining one or more chips from a 
semiconductor Wafer, the method comprising: 

forming one or more openings in a ?rst surface of the 
semiconductor Wafer along a boundary of the one or 
more chips, Wherein the one or more openings do not 
go through the Wafer; and 
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placing the Wafer into a non-contact Wafer holder and 
thinning the Wafer With a dry etch to remove material 
from a second side of the Wafer at least until the 
openings become exposed on the second side. 

2. The method of claim 1 Wherein the one or more 
openings comprise a groove extending along the entire 
boundary of at least one chip. 

3. The method of claim 2 Wherein the Wafer holder 
comprises one or more vortex chucks each of Which emits a 
gas vortex toWards the Wafer to hold the Wafer in the holder. 

4. The method of claim 2 further comprising, after form 
ing the one or more openings but before thinning the Wafer, 
attaching the ?rst side of the Wafer to a layer Which remains 
on the Wafer While the Wafer is thinned. 

5. The method of claim 2 further comprising, after form 
ing the one or more openings, forming a protective layer on 
the ?rst side over the openings, the protective layer protect 
ing the ?rst side of the Wafer during the dry etch from an 
etchant penetrating through the openings from the second 
side and damaging the ?rst side When the openings become 
exposed on the second side. 

6. The method of claim 5 Wherein the layer does not cover 
the entire ?rst side of the Wafer. 

7. The method of claim 5 Wherein the layer covers the 
entire ?rst side of the Wafer. 

8. The method of claim 2 Wherein the dry etch comprises 
an atmospheric pressure plasma etch. 

9. The method of claim 2 Wherein after the groove is 
exposed from the second surface, the dry etch continues and 
smoothens the groove’s sideWall. 

10. The method of claim 2 Wherein the semiconductor 
Wafer comprises circuitry made at the ?rst side of the Wafer, 
the second side is a backside opposite to the ?rst side, and 
the groove is formed along a scribe line on the ?rst side. 
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11. The method of claim 2 Wherein the groove is formed 
With a diamond saW or a laser. 

12. The method of claim 2 Wherein the dry etch rounds 
one or more of the edges and corners Which are obtained on 
the second side of the Wafer When the one or more openings 
are exposed. 

13. The method of claim 12 Wherein the dry etch rounds 
all of the edges and corners on the second side of each 
semiconductor chip obtained from the Wafer in the dry etch. 

14. The method of claim 2 Wherein from a start of the 
thinning operation until the groove is exposed, the dry etch 
etches the second side of the Wafer uniformly. 

15. The method of claim 2 Wherein the entire dry etch is 
an unmasked etch of the second surface. 

16. Asemiconductor chip obtained by the method of claim 
1. 

17. Asemiconductor chip obtained by the method of claim 
2. 

18. Asemiconductor chip obtained by the method of claim 
12. 

19. Asemiconductor chip obtained by the method of claim 
13. 

20. A semiconductor ship having a ?rst surface that has a 
rounded edge or a rounded corner. 

21. The semiconductor chip of claim 20 in Which all of the 
edges and corners of the ?rst surface are rounded. 

22. The semiconductor chip of claim 20 Wherein the ?rst 
surface is a back surface of the chip, the chip having 
circuitry formed at its front surface Which is opposite to the 
back surface. 


