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· SLXP l'RBB VBRT:ICAL RACK DESXGN 
. . t: : .. :::.;· .. 

BACKGBOmm OF THE :INVEN'l'l:ON 

. The manUfacture.of·samiconductor devices such as integrated 
circuits (IC's) typically raguires heat treating silicon wafers 
in the presence of .reactive gases·.· During· this process, the 
temperatures and gas.~oncentrations to which the devi:ces are 
exposed·aust be-carefully.controlled, as the devices often 
include .. circuitry -elements . less than 1 um in size which are 

10 sensitive to minute variations in the processing enviromaent. 
Tha-samiconductor·manufacturing industry typically processes 

the wafers in either horizontal or vertical carriers. The 
horizontal carri~:, . typically called a "boat", bas three or four 
horizontally.disposed bars arranged in a semicircle design,.with 

15 each·~ar having inwardly facing grooves set therein at regular 
intervals. .Each set of grooves define a vertical space for 
carrying· a vertically disposed wafer. , . , 

The vertical carrier, typically called a "vertical rack", 
has three or tour vertically disposed rods arranged in a 

20 semicircle design, with· each post having slots set therein at 
regular intervals :to define a space· for carrying a horizontally 
disposed wafer. . A conventional vertical rack is. shown in FiCJUre 
·1. ·This rack typically has· a top plate, a ·bottom· plate, and 
tbree·or four posts for fixing the top plate to the bottom plate. 

2s The portions of the post between each slot, termed •teeth", are 
identically-spaced in order to support wafers at reqular 
intervals from and parallel to the bottom plate. The entire rack 
is then· placed within a vertical fUrnace for processinq the 

wafers. Because a.wafer processed on a vertical rack 
30 experiences less of a temperature gradient over its face, 

semiconductor manufacturers are increasingly turning to vertical 
furnaces. There is, however, a drawback to vertical furnacing. 
As shown in prior art Figure 1, the wafers disposed on a 
conventional vertical rack are supported at their outside edge 

35 only. As such, the areas of the wafer resting on these teeth 
experience higher stress than the rest of the wafer. When 
temperatures in the furnace exceed about 1ooo•c, these stresses 
often become significant and portions of the single crystal wafer 
move relative to each other_along crystalloqraphic plates in 
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response to that stress ... This phenomenon, called "slip", 
effectively . destroys the value of the semiconductor ··devices 
located in· the area of the wafer where slip has occurred. 

U.S.: Patent No. 5,492,229 discloses a vertical rack design 
5 having· near center support. However,· the first embodiment of 

this design must either be made by either joining silica 
components ·(which are susceptible to high temperatures) or using 
a water ·jet·to make an interior slit (which is inconvenient). 
The second .embodiment of this design can be made solely by using 

10 a more convenient diamond saw, but requires -curved vertical 
supports which cast large shadows upon the wafer. 

Therefore,. there is a need for a vertical rack design which 
alleviates slip, is resistant ·to biqh temperatures, can be made 
with a diamond saw, and does not cast a ·1arge shadow upon the 

is wafer. 
SUMMARY OP THE IHYENT:J:ON 

In accordance with the -present invention, there is provided 
a vertical rack for supportinq:a plurality of semiconductor 
wafers in a spaced, substantially horizontal·, parallel 

20 relation, the vertical rack comprising: 
a) a vertical . support means, and · · · · · · 

b) a plurality of vertically spaced,· horizontal support 
means extending substantially horizontally from the vertical 
support means to define a plurality of support levels for 

25 supporting the wafers, 
wherein the horizontal support mea~ are projections, each 

-·projection comprising an arm terminating in a wafer platform 
such that· the innermost contact· b~tween at least one wafer 
platform of each support level and its supported wafer is in 

30 the region of between 20% and 80% of the wafer radius, 
measured from the edge of the wafer, and 
wherein the arm projects at a continuous upward incline and 
terminates.in the wafer platform. 
Also in accordance with the present invention, there is 

35 provided a vertical rack for supporting a plurality of 
semiconductor wafers in a spaced, substantially horizontal, 
parallel relation, the vertical rack comprising: 
a) a vertical support means, and 

2 

.. 

• 



WO 96135228 PCT/US96/062'4 

b) a plurality of vertically spaced, horizontal support 
means extendinq substantially horizontally from.the vertical 
support means to define a plurality of support levels for 
supporting the wafers, 

s Wherein the horizontal support means are projections .. 

• 

projecting horizontally to continuously contact the wafer 
from the wafer edge such that the innermost contact between 
at least one of the arms at each support level and its 
supported wafer is in the reqion between 20% and 80i of the 

10 wafer radius, measured from the wafer radius. 
· In some embodiments, the vertical raek comprises: 
a) a top p1ate, 
b) a bottom plate, and 
c) a plurality of vertical rods, the upper end of each rod 

15 beinq fixed about the periphery of the top plate and the 

lower end of each rod beinq fixed about the periphery of the 
bottom plate, each of the rods havinq a plurality of 
projections spaced equidistantly from the bottom plate to 
define a plurality of support levels for horizontally 

20 supportinq the wafers, 
wherein the innermost contact between at least one of the 
projections of each support level and its supported wafer is in 
the reqion of between 20't and SO't of the wafer radius, measured 
from the edge of the wafer. 

25 Xn a first preferred embodiment (as in Figure 2), each 
projection comprises an arm terminating in a wafer platform and 
the wafers are supported solely by the wafer platforms. The 
innermost contact between each wafer platform and the supported 
wafer is in the region of between 20% and 80-% of the wafer 

30 radius, measured from the edge of the wafer. Preferably; the arm 
projects at a continuous upward incline and the wafer platform is 
horizontal. More preferably, the projections are oriented in 
such a manner that the rods cast a shadow upon no more than 30% 

.. 
··.: 35 

of the wafer, most preferably no more tha~ 1oi of the wafer • 
In a second preferred embodiment (as in ·Figure 3), each 

projection consists of an arm projecting horizontally to 
continuously contact the wafer from the wafer edqe such that the 
innermost contact between the arm and the wafer is in the region 
between 20% and sots: of the wafer radius, measured from the wafer 

----- ----····-·-·--
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radius. Preferably; the projections are oriented in such a 
manner that.the rods cast a shadow upon no more than 30% of the 
wafer, most pr~erably no more than 10% of the wafer. 
DESCRXfTJ:ON OF THE FI:GQRJiS 

5 . .: Figure 1: is a conventional vertical rack design. 
Figure 2 is a top_vi~w and a side.view of a verti~al rack of 

the present invention havinq projections comprisinq an arm 
terminating in a wafer platform. 

Figure 3 is a top view and a side view of a vertical rack of 
10 the present invention havi~q horizontal arms. 

Figur~ 4 depicts the shadow produced by the rods of Figures 
2 and 3 upon a.typical wafer. 
QETAJLIP DESCR];fTl:ON OF THE JNDNTION 

Referrinq now to Figure 2, there is provided a vertical rack 
15 1 for processing semiconductor wafers W comprising: 

a) a top plate 2, 
b) a bottom plate 3 , and 

c) a plurality of vertical rods 4, the upper end 5 of each 
rod being fixed about the periphery of the top plate 2 and 

20 the lower end 6 of each rod being fixed about the periphery 
of the bottom_ plate 3, each of the rods having a plurality 
of projections 7 spaced equidistantly from the bottom plate 
3 to define a plurality of support levels for horizontally 
supporting the wafers w, 

25 wherein each projection 7 comprises an arm a terminating in a 
wafer platform 9 such that the innermost contact between the 
wafer platform and the wafer is in the region of between 20% and 
sot of the wafer radius, measured from the edqe of the wafer. 

Pre°liminary testing.of the design shown in Figure 2 has 
30 shown that it solves the slip problem. Without wishing to be 

. . 

tied to a theory, it is believed that providing only peripheral 
edge-support to a wafer (as in Figure l)·causes significant 
stresses which contribute to slip. The present invention (as 
embodied in Figure 2) mitigates the stresses by providing support 

35 closer to the center of the wafer. 
The continuous incline of the first embodiment is typically 

between about 0.5 and about 10 degrees from the horizontal. The 
wafer platform of this embodiment is typically positioned to 
contact the wafer such that the innermost contact between at 
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least one and preferably each of at least three of the wafer 
platforms and their supported w~f er is in the region of between 
20i and 80% of the wafer radius (measured from the edge of the 
wafer), and preferably between 3.3% and. 66% of the wafer radius. 

5 T_P.e . t;C?tal surface area of the wafer platforms at one support 
level is typically between about 0.02%.and about 1% of ·the 
surface area of the.wafer. 

Referring now to Figure ·3, there is provided a vertical rack 
11 for processing semiconductor wafers comprising: 

10 a) a top plate 12, 
b) a bottom plate 13 , and 
c) a plurCJ.li,ty of vertical rods 14, the upper end 15 of each 
rod being fixed about the periphery of the top plate 12 and 
the lower end 16 of e~ch rod being fixed about the periphery 

15 of the bottom plate 13, each of the rods havinq a plurality 
of projections 17 spaced equidistantly from the bottom plate 
13 to define a plurality of support levels for horizontally 
supporting the wafers W, 

wherein each projection 17 consists of an arm projectinq 
20 horizontally to continuously contact the water W from the wafer 

edge such that the innermost contact between the arm and the 
wafer is in the region between 20% and 80% of the wafer radius, 
measured from the wafer radius. 

The embodiment of the present invention described by Figure 
25 3 differs from that of Figure 2 in that its arms are horizontal. 

Since horizontal aras require less-vertical s~ce than inclined 
arms, more wafers can be processed in a rack having this design 
than in a rack of similar height having inclined arms. Moreover, 
this rack is easier to construct because it does not.require.a 

30 separate machining step to make the wafer platform of the 
inclined arm embodiment. 

Xn the second preferred embodiment, the innermost contact 
between at least one and preferably each of at least three of th&-". 

.. arms and their supported wafer is in the region of between about 
20% and sot, and preferably between·33% ·and 66% of the wafer 
radius. Moreover, the total contact area between the arms at one 
support level and their supported wafer is typically between 

35 

.. 

aboUt 1% and about 5% of the surface area of the wafer. 
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To minimize slip-inducinq stress, the surfaces of the 
projections."upon which the waf~ rest (i.e., either the wafer 
platforms or horizontal arms) should be both coplanar and smooth. 

For example, the surfaces of the projections at a support level 
s should be coplanar to within about o.·os mm as defined in Section 

6.5.6 of ASHE National standard Y14.SM-1994. Each should be 
saooth to within about 1 aicron (um) Ra,. as defined by section 
3.9.1 of,AIJSI/ASME National Standard B46.1-1985. 

The distance which the projections typically extend· from the 
10 rod of· the vertical rack (found by measuring- the shortest 

~!stance between·the end of the projection and the -rod and shown 
as "A" in Figure 3) is generally dependent upon the size of the 
wafer to be processed. For example~ when· the -wafer to be .. 

processed has a 150 mm diameter, the projections typically extend 
lS at least 17 mm, usually between about 22 nm and about 42 mm, and 

preferably· about 29 mm. When the wafer. to be processed has ~ 200 
mm diameter,· .. the projections typically extend at least 24 a, 
usually between about 32 mm and about !52 mm, and preferably.about 
38 :mm.· When the wafer to be processed has a 300 mm diameter, the 

2"0 projections typically extend at- -least 32 mm; usually between 
about 42 ma· and abc?ut 72 mm, and preferably about 56 llllll. 

~e vertical rack of the present invention can be made from 
any material commonly used in the high temperature production of 
vertical racks for semiconductor processing, preferably 

25 recrystallized silicon carbide. The rack material· may also be 

CVD coated with refractory materials such as silicon carbide, 
silicon nitride or diamond. Preferably, the rack eomprises ·· · 
CRYSTAR, a recrystallized silicon carbide available from the 
Norton company of ·Worcester,. MA .. · 

30 It has been observed that the rods of vertical racks 
typically shield, or •shadow", radiant heat and/or reactive gases 

""(Which enter from the periphery of the vertical furnace) from the 
portions·of the.wafer inside of and adjacent to the posts. 
Accordingly, significant variations in temp.erature and/or gas 

35 concentration between the "shadowed" portion of the wafer and the 
rest of the wafer are produced. These variations contribute to 
slip-inducinq stress. Therefore, in some embodiments, the 
projections are radially oriented such that the rods cast a 
shadow on no more than 30t of the wafer, preferably no more than 
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lOt of the wafer. .·.For the purposes of the present invention, the 
.shadow. percentage is calculated by determininq the percentage·of 

the wafer face to which reactant gases and/or heat can directly 
radially proceed from the rack periphery in a path unobstructed 
by the .rods. The shaded portion of Figure 4b represents the 
shadow P.roduced by the rods of Figures. 2a and 3a upon the wafers • 
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A vertical rack for supporting a plurality of semiconductor 
wafers in a spaced, substantially horizontal, parallel 
relation, the vertical rack comprising: 
a) a vertical support means, and 
b) a plurality of vertically spaced, horizontal support 
means extending substantially horizontally from the vertical 
support means to define a plurality of support levels for 
supporting the wafers, 

10 wherein the horizontal support means are projections, each 
projection COJlPrising an arm terminating in a wafer platform 
such that.the innermost contact between at least one wafer 
pl.atfora of each support leve1·ana its supported wafer is in 
the region of between 20% and so' of the wafer radius, 

is aeasured from the edge of the wafer, and 

20 

25 

2 .• 

3. 

wherein the arm projects at a continuous upward incline and 
terminates in the wafer platform. 
The rack of claim 1 wherein the innermost contact between 
each of at least three wafer platf orm8 of each support level 
and their supported wafer is' in the region of between 2oi 
and sot of th~ wafer radius, measured from the edge of the 
wafer. 
The rack of claim 1 wherein the innermost contact between at 
least one wafer platform of each support level and its 
supported wafer is in the region of between 33' and 66i of 
the wafer radius, measured from the edge of the wafer. 

. . 
4. The rack of claim 1 wherein the innermost contact between 

each of at least three wafer platforms of each support level 
and their supported wafer is in the region of between 33t 

30 and 66% of the wafer radius, measured from the edge of the 
wafer.· 

35 

5. The rack. of claim 1 wherein the wafer platform is 
horizontal. 

6. The rack of claim 1 wherein the vertical support means are 
rods and the rods ·cast a shadow upon no more than 30% of the 
wafer. 

7. · The rack of claim 6 wherein the rods cast a shadow upon no 
more than 10% of the wafer. 
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a. 'fhe· rack of claim.·1 wherein each wafer platform has a 
roughness (Ra) of al:>out 1 um. 

9. 'lhe rack of claim 1 wherein the wafer platforms of each 
support level are coplanar within about o.os mm. 

5 10. Dle rack of claim 1 wherein the total contact area ·between 
the wafer platforms of a support level and their support 
wafer is between about o.02t and about it of the surface 
area of the wafer. 

11. Dle rack of claim 1 comprising recrystallized silicon 
20 carbide. 

12. '.file rack of claim 1 coated with CVD silicon carbide. 
13. A vertical rack for supporting a plurality of semiconductor 

wafers in a spaced, substantially horizontal, parallel 
relation, the vertical rack comprising: 

15 a) a vertical support means, and 
b) a plurality of vertically spaced, horizontal support 
means extending substantial1y horizontally from the vertical 
support means to define a plurality Of support levels for 
supporting the wafers, 

20 wherein the horizontal support means are projections 
projecting horizontally to contin~ously ~ontact the wafer 
from the wafer edge such that the innermost contact :between 
at least one of the arms at each support level and its 
supported wafer is in tbe reqion betwe~ 20% and 80% of the 

25 wafer radius, :measured from the wafer radius. 
14. The rack of claim 13 wherein the innermost contact between 

eacb of at least three of the arms at each support level and 
their supported wafer is in the region between 20% and 80% 
of the wafer radius, :measured from the wafer radius. 

30 15. The rack of clailll 13 wherein the innermost contact between 
at least one arm of each support level and its supported 
wafer is in the region between 33' and 66t of the wafer 
radius, measured from the wafer. radius. · 

16. The rack of claim. 13 wherein the innermost contact between 
35 eacb of at least three arms at each support level and their 

supported wafer is in the region between 33% and 66% of the 
wafer radius, measured from the wafer radius. 
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17. The rack of claim.13 wherein the vertical support •eans are 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

rods and the rods cast a shadow upon no more than 30' of the 
water. 
The rack of claim 17 wherein the rods cast a shadow upon no 
more than 10t of the wa'fer. 

· The rack of claim 13 wherein the portion of each arm 

contactincj the wafer has a roughness (Ra) of 1 um. 
The rack of claim 13 wherein the arms of each support level 
are coplanar within about 0.05 mm. 
!l'he rack of claim 13 comprising recrystallized silicon 
carbide. 
The rack.of claim 13 coated with CVD silicon carbide. 
The rack of claim 13 wherein the total contact area between 
the aras of a support level and their supported wafer is 
between al:>out 1-t and about 5-t of the surf ace area of the 
wafer. 
A process comprising the steps of: 
a) placing a plurality of wafers onto the projections of the 
vertical rack of claia 1, and 

20 b) processing the ·wafers at a temperature above about 
1ooo•c. 
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