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web axis at right angles at a third vertex associated to third 

frame web and to the second frame web and a third frame vertex 

region of the outer carrier frame at which the third frame web 

and the second frame web are integrally connected, 

  a plurality of substrate holding arms extend inwardly 

and upwardly from the outer carrier frame which overlap with the 

inner zone and form the substrate seat, which is located at a 

distance above the vertical extent of the carrier frame and is 

adapted to carry a plate-shaped substrate having a circular 

circumference and a diameter corresponding to a predetermined 

allowable diameter or within a predetermined allowable diameter 

range given by a predetermined allowable minimum diameter and a 

predetermined allowable maximum diameter,  

 the substrate seat defines a horizontal carrying plane 

which, in case that a plate-shaped substrate having a circular 

circumference and a diameter corresponding to the predetermined 

allowable diameter or the predetermined allowable maximum 

diameter is carried and held horizontally by the substrate seat, 

is coplanar with a lower surface of this plate-shaped substrate. 

[0011] Accordingly, the outer carrier frames of the substrate 

carriers, in view of the descripted arrangement of the frame webs 

and the frame axes, have a generally or at least roughly 

quadratic or rectangular shape. 

[0012] The disclosure of WO 2014/107818 A2 is incorporated 

herein by reference in its entirety. 

[0013] The laid-open publication US 2017/0372930 A1, also 

originating from TEC-SEM AG and published on December 28, 2017, 

discloses substrate carriers of this kind and a substrate carrier 

stack of this kind which have additional characteristic features.   

As proposed in US 2017/0372930 A1, each substrate carrier of the 

proposed substrate carrier stack includes, in addition to the 

above-mentioned features, also the following features:  

 a plurality of partition webs extend from the outer  
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frame at least one upper supporting formation and at least one 

lower supporting formation such that a lower substrate carrier of 

a respective pair of vertically adjacent substrate carriers of 

the substrate carrier stack supports with its at least one upper 

supporting formation the upper substrate carrier of this pair of 

vertically adjacent substrate carriers at its at least one lower 

supporting formation. 

[0025] Each substrate carrier of the substrate carrier stack 

further includes the following features:  

 the outer carrier frame includes a first frame web 

extending along a first frame web axis, a second frame web 

extending along a second frame web axis, a third frame web 

extending along a third frame web axis, and a fourth frame web 

extending along a fourth frame web axis,  

  the first frame web axis intersects the fourth frame 

web axis at right angles at a first vertex associated to the 

first frame web and to the fourth frame web and a first frame 

vertex region of the outer carrier frame at which the first frame 

web and the fourth frame web are integrally connected, 

 the first frame web axis intersects the second frame 

web axis at right angles at a second vertex associated to the 

first frame web and to the second frame web and a second frame 

vertex region of the outer carrier frame at which the first frame 

web and the second frame web are integrally connected, 

 the third frame web axis intersects the fourth frame 

web axis at right angles at a fourth vertex associated to the 

third frame web and to the fourth frame web and a fourth frame 

vertex region of the outer carrier frame at which the third frame 

web and the fourth frame web are integrally connected, 

 the third frame web axis intersects the second frame 

web axis at right angles at a third vertex associated to third 

frame web and to the second frame web and a third frame vertex 

region of the outer carrier frame at which the third frame web 

and the second frame web are integrally connected, and 

 



11 

 

 a plurality of substrate holding arms extend inwardly 

and upwardly from the outer carrier frame which overlap with the 

inner zone and form the substrate seat, which is located at a 

distance above the vertical extent of the carrier frame and is 

adapted to carry a plate-shaped substrate having a circular 

circumference and a diameter corresponding to a predetermined 

allowable diameter or within a predetermined allowable diameter 

range given by a predetermined allowable minimum diameter and a 

predetermined allowable maximum diameter. 

[0026] Each substrate carrier of the substrate carrier stack 

includes at least one first positioning formation and at least 

one second positioning formation, wherein for each pair of 

vertically adjacent substrate carriers the at least one first 

positioning formation of the lower substrate carrier of this pair 

of vertically adjacent substrate carriers is engaged or 

engageable with the at least one second positioning formation of 

the upper substrate carrier of this pair of vertically adjacent 

substrate carriers, to safeguard or contribute to a proper 

relative positioning of the two substrate carriers of this pair 

of vertically adjacent substrate carriers.   

[0027] On the basis of such a proper relative positioning of 

the substrate carriers within the substrate carrier stack further 

advantages in at least one of handling of the substrate carrier 

stack and its substrate carriers, substrate storage, substrate 

treatment, and substrate processing, and indeed substantial 

improvements over prior art approaches are able to be achieved 

according to further aspects of preferred embodiments of the 

present invention addressed in the following. 

[0028] Preferably, the first and second positioning 

formations are arranged and formed such that a respective first 

positioning formation, for example, one of a protrusion and an 

opening or a recess, of one substrate carrier is able to engage 

with a respective second positioning formation, for example the 

other of a protrusion and an opening or a recess, of another 

substrate  
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respective of the frame vertex regions, preferably at a planar or 

substantially planar outer vertex portion of the respective frame 

vertex region, or at a respective frame web close to a respective 

frame vertex region, such that the projections are arranged at 

the substrate carrier stack in four sets of vertically staggered 

projections. 

[0050] Preferably, a first projection is provided at the 

first frame vertex region or at the fourth frame web near the 

first frame vertex region, and a fourth projection is provided at 

the fourth frame vertex region or at the fourth frame web near 

the fourth frame vertex region, the first and fourth projections 

protrude in the same horizontal direction, and a second 

projection is provided at the second frame vertex region or at 

the second frame web near the second frame vertex region, and a 

third projection is provided at the third frame vertex region or 

at the second frame web near the third frame vertex region, the 

second and third projections protrude in the same direction which 

is opposed to the horizontal direction in which the first and 

fourth projections protrude.   

[0051] Alternatively, a first projection is provided at the 

first frame vertex region or at the first frame web near the 

first frame vertex region, and a second projection is provided at 

the second frame vertex region or at the first frame web near the 

second frame vertex region, the first and second projections 

protrude in the same horizontal direction, and a third projection 

is provided at the third frame vertex region or at the third 

frame web near the third frame vertex region, and a fourth 

projection is provided at the fourth frame vertex region or at 

the third frame web near the fourth frame vertex region, the 

third and fourth projections protrude in the same direction which 

is opposed to the horizontal direction in which the first and 

second projections protrude.   

[0052] According to a preferred embodiment, the first and 

fourth projections or the first and second projections are  
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third frame web and to the fourth frame web and a fourth frame 

vertex region of the outer carrier frame at which the third frame 

web and the fourth frame web are integrally connected, 

  the third frame web axis intersects the second frame 

web axis at right angles at a third vertex associated to third 

frame web and to the second frame web and a third frame vertex 

region of the outer carrier frame at which the third frame web 

and the second frame web are integrally connected, and 

 a plurality of substrate holding arms extend inwardly 

and upwardly from the outer carrier frame which overlap with the 

inner zone and form the substrate seat, which is located at a 

distance above the vertical extent of the carrier frame and is 

adapted to carry a plate-shaped substrate having a circular 

circumference and a diameter corresponding to a predetermined 

allowable diameter or within a predetermined allowable diameter 

range given by a predetermined allowable minimum diameter and a 

predetermined allowable maximum diameter. 

[0096] The substrate carrier includes at least one first 

positioning formation and at least one second positioning 

formation, wherein the at least one first positioning formation 

is engageable with the at least one second positioning formation 

of another substrate carrier of the same type stacked on the 

substrate carrier, and the at least one second positioning 

formation is engageable with the at least one first positioning 

formation of another substrate carrier of the same type on which 

the substrate carrier is stacked, to safeguard or contribute to a 

proper relative positioning of such at least two substrate 

carriers of the same type stacked on each other. 

[0097] Preferably, the substrate carrier is adapted to be 

combined with a number of other substrate carriers of the same 

type to provide a substrate carrier stack according to a 

preferred embodiment of the present invention as described in the 

foregoing, by stacking the substrate carriers on each other. 

[0098] Favorably, the substrate carrier is able to include  
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is not ruled out in principle, but an arrangement providing the 

requirement to mutually rotate the substrate carriers with 

respect to each other in the described sense leads to further 

advantages.  For example, one advantage is that the mutual 

rotation of substrate carriers with respect to each other is able 

to compensate or at least reduce negative effects which could 

result from production inaccuracies of the substrate carriers.  

Otherwise a production inaccuracy which influences the vertical 

extent of a respective substrate carrier at a certain point or 

region could be continuously added at the same angular position 

of the substrate carrier stack, so that a significant tilt of the 

substrate carrier stack could potentially result.  More important 

advantages are achieved on the basis of the mentioned particular 

arrangement of the substrate holding arms, since in this way a 

vertical overlap of vertical next neighboring substrate holding 

arms is able to be avoided, as to be described in more detail on 

the basis of Figs. 18A, 18B, and 19 below.  This allows that the 

substrates held in the substrate seats of next neighboring 

substrate carriers are able to be positioned with rather small 

vertical distances from each other, allowing a high storage 

density for the substrates in a substrate carrier stack of this 

kind.  This is also reflected by the shape of the substrate 

holding arms of the fifth preferred embodiment according to Figs. 

11A, 13, 14, and 15 in comparison with the shape of the substrate 

holding arms of the preceding preferred embodiments according to 

Figs. 5, 6, and 7.  The substrate holding arms of the fifth 

preferred embodiment extend less upwardly than the substrate 

holding arms of the preceding embodiments so that the substrate 

seat is located at a smaller height above the upper rim of the 

outer carrier frame 140 than the substrate seat of the substrate 

holding arms of the preceding preferred embodiments is located 

above the upper rim of the outer carrier frame 40. 

[0180] The described inner openings 164, 166a, 166b, 168a,  
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carrier 112 under relatively high pressing forces.  This 

respective ring surface portion of the respective lower element 

forms like the sealing lip or sealing ridge 204 a supporting 

formation as well as a sealing formation of the respective 

element.  A proper sealing engagement between the cover 116 and 

the uppermost substrate carrier is able to be achieved by 

designing the cover to have an appropriate minimum weight.   

[0182] Preferably, the engagement between the position 

formations associated to each other, in the present preferred 

embodiment, the protrusions 150a, 150b and the openings or 

recesses 152a, 152b, and the engagement between the sealing 

ridges or sealing lips 204 and the associated upper sealing ring 

surface portions of the outer carrier frame 140, are the only 

portions or elements of contact or at least mutual form-fit 

engagement between vertically next neighboring substrate carriers 

112 in the substrate carrier stack 110.  Further, it is proposed 

that the positioning engagement between the positioning 

formations is an engagement which causes no vertically directed 

forces which act between next neighboring substrate carriers.   

[0183] Preferably, the same is true for the engagement 

between the uppermost substrate carrier 112 and the cover 116 and 

for the engagement between the base 114 and the lowermost 

substrate carrier 112.  Vertical forces preferably act between 

the respective elements of these two pairs of elements only via 

the respective sealing formations, an upper ring sealing surface 

portion of the base 114 and a lower ring sealing surface portion 

or – preferably – also a sealing ridge or sealing lip of the 

cover 116 according to the present preferred embodiment.   

[0184] For the purging treatment of substrates 130 held by 

the substrate carriers 112 within the substrate carrier stack 110, 

horizontal purging gas flows between vertically neighboring 

substrates 130 are preferred, which emanate from the first 

vertical purging channels 170a and 170b and enter into the second  
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helps to achieve laminar purging gas flows through the spaces 

between neighboring substrates. 

[0186] Fig. 17B shows a cross-sectional side view of detail B 

in Fig. 17A, namely, medial regions of the arc-shaped portions 

202a and 202b of the partition webs 160a and 160b with their 

connection portions 200a and 200b of the partition webs 160a and 

160b, with neighboring edge portions of the substrates 130 stored 

within the corresponding substrate carrier stack.  As shown in 

Fig. 17B, the vertical purging channels on one side of the 

substrates 130 are horizontally connected by horizontal channels 

delimited by neighboring connection portions 200a and 200b of the 

stacked substrate carriers, so that a horizontal purging gas flow 

between next neighboring substrates is obtained also along the 

horizontal extent of these connection portions 200a and 202b.  

Corresponding line nozzle portions open inwardly towards the 

substrate carriers as shown in Fig. 17B.  These line nozzles 

preferably extend along the complete extent of the arc-shaped 

sections 202a and 202b of the partition webs 160a and 160b and 

also over a substantial or complete extent of the two connection 

portions 200a and 200b at both ends of the arc-shaped portions 

which merge into and connect the arc-shaped portions with the 

respective frame web of the outer carrier frame 140. 

[0187] Due to the substrate holding arms, which extend 

upwardly and inwardly from the upper edge of the outer carrier 

frame 140, a substrate 130 held by a respective substrate carrier 

112 is preferably located not within the vertical extent of the 

arc-shaped portions 202a and 202b and the connecting portions 

200b of the partition webs 160a and 160b of this substrate 

carrier, but at a vertical distance above these elements of the 

respective substrate carrier 112.  The four respective edge 

sections of the substrates 130 shown in Fig. 17B are held by a 

respective one of four further substrate carriers, which are not 

shown in Fig. 17B and are located below the four shown substrate 

carriers in the substrate carrier stack.  Fig. 17A shows eight  
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110 with the required alternate relative rotational positions of 

the substrate carriers, so that the vertically neighboring 

holding arms are alternatingly transversely staggered and the 

vertically neighboring interfacing projections are alternatingly 

transversely staggered, as described above. 

[0200] Fig. 21, Fig. 22A, and Fig. 22B show an example of a 

substrate carrier stack 110 according to the fifth preferred 

embodiment of the present invention.  In the present case, well 

over twenty five substrate carriers 112, e.g., twenty seven or 

twenty eight six substrate carriers 112 are stacked on each other, 

with the lowermost substrate carrier 112 being stacked on a base 

114, and a cover 116 being stacked on the uppermost substrate 

carrier 112.  As shown from the transversely staggered 

interfacing projections 154a and 154c, and the transversely 

staggered interfacing projections 154b and 154d, the substrate 

carriers 112 are stacked in the explained manner relatively 

rotated with respect to each other about a vertical axis by 180°, 

which is safeguarded by the explained positioning formations, in 

the present case, the protrusions 150a, 150b and the openings or 

recesses 152a, 152b.  As shown in the drawing, a high stacking 

density and a high storage density for substrates held within the 

substrate carrier stack 110 in the seats of the substrate 

carriers 112 is obtained.  In principle, such substrate carrier 

stack is able to include any number of substrate carriers, indeed 

also many more substrate carriers than as in the shown non-

limiting example, for example.  An even number of substrate 

carriers or alternatively an uneven number of substrate carriers 

are able to be provided in such a substrate carrier stack. 

[0201] According to the perspective view of Fig. 21 and the 

side views of Figs. 22A and 22B, the base 114 and the cover 116 

are provided in the form of a base plate and a cover plate.  

Preferably, the cover plate would be provided at its lower side 

with a suitable recess that accommodates the substrate holding  
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complete base 114 is able to be manufactured integrally in 

principle, depending on its chosen structure, for example. 

[0206] In the present case, the inner body 211 includes a 

support base 212 for the lowermost substrate carrier 112, which, 

as shown in Fig. 24, is able to be made from a plurality, e.g., 

two plate-shaped elements 212a and 212b.  An annular surface 

strip 213 extending on the upper surface of the support base 212 

along its outer edge supports the lowermost substrate carrier 112 

at its sealing ridge or sealing lip 204 and forms a sealing 

surface.  The weight of the substrate carriers 112 and the cover 

116 of the substrate carrier stack 110 is supported via this 

sealing ridge or sealing lip 204, so that sealing is achieved. 

[0207] Preferably, in order to enable the purging treatment 

of the substrates 130 within the substrate carrier stack 110, the 

base 114 is provided, at the lower side of the carrying plate 210, 

with an interfacing body 216 which is mounted to the carrying 

plate 210.  The interfacing body includes an integrated purging 

gas entry connector or purging gas inlet and includes an 

integrated purging gas return connector or purging gas outlet.  

These connectors or inlet and outlet are connected via 

appropriate structures of the base 114 including openings in the 

carrying plates 210 with associated gas distribution structures 

or purging structures within the support base 212.  These gas 

distribution structures or purging structures, which are able to 

include at least one of channels and chambers, are connected via 

a pair of inflow openings or inflow recesses 218a and 218b and a 

pair of return flow openings or return flow recesses 220a and 

220b with an associated pair of vertical gas distribution 

channels or vertical purging channels of the substrate carrier 

stack, so that the purging gas entry connector or purging gas 

inlet is connected with one pair of these vertical channels and 

the purging gas return connector or purging gas outlet is 

connected to the other pair of these vertical channels. 

[0208] As shown in Fig. 23, the inflow openings or recesses 
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218a and 218b which are open upwardly are able to have a rather 

similar shape as the openings 168a, 168b of the lowermost 

substrate carrier 112 stacked on the support base 212 to achieve 

or contribute to laminar purging flows.  However, other shapes 

for the inflow openings or recesses are able to be chosen.  One 

might consider the inflow openings or recesses 218a and 218b and 

the pairs of openings 168a, 168b and 166a, 166b and so forth of 

the substrate carriers 112 stacked on the support base 212 and 

subsequently on each other to commonly belong to the pair of 

vertical gas distribution channels or vertical purging channels, 

through which the purging gas is supplied to the explained 

longitudinal nozzles or line nozzles (or generally longitudinal 

openings) defined by vertically adjacent partition web of pairs 

of vertically adjacent substrate carriers 112, so that the 

purging gas emanates horizontally towards and into the spaces 

between neighboring substrates held in the seat of a respective 

substrate carrier of the substrate carrier stack. 

[0209] Also, for the return flow openings or return flow 

recesses 220a and 220b, shapes which are rather similar to the 

shape of the openings 166a, 166b of the lowermost substrate 

carrier 112 stacked on the support base 212, and deviate from the 

shape of these return flow openings or return flow recesses 220a 

and 220b shown in Fig. 23 are possible.  One might consider the 

reflow openings or recesses 220a and 220b, and the further pairs 

of opening 166a, 166b and 168a, 168b and 166a, 166b and so forth 

of the substrate carriers 112 stacked on the support base 212 and 

subsequently on each other, to commonly belong to the pair of 

vertical gas distribution channels or vertical purging channels, 

into which the purging gas emanates via the explained 

longitudinal nozzles or line nozzles (or generally longitudinal 

openings) defined by vertically adjacent partition web of pairs 

of vertically adjacent substrate carriers 112, after having 

passed through the spaces between neighboring substrates held in 

the seat of a respective substrate carrier  
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of the substrate carrier stack.   

[0210] Accordingly, purging gas introduced into the substrate 

carrier stack via the purging gas entry connector or purging gas 

inlet of the interfacing body is supplied via the inflow openings 

or recesses 218a and 218b and one pair of the two pairs of 

vertical purging channels and a first set of the longitudinal 

nozzles or line nozzles (or generally longitudinal openings) to 

the substrates, and is returned and discharged from the substrate 

carrier stack via a second set of the longitudinal nozzles or 

line nozzles (or generally longitudinal openings) and the other 

pair of the two pairs of vertical purging channels and the reflow 

openings or recesses 220a and 220b, and finally the purging gas 

return connector or purging gas outlet of the interfacing body. 

[0211] The realization of the support base 212 in the form of 

two plate-shaped elements 212a and 212b, as schematically shown 

in Fig.  24, enables the manufacture of the support base 212 with 

the needed internal structures without much effort. 

[0212] The base includes, on top of the support base 212, a 

cylindrical protrusion 214 having a circular cross section, which 

is able to be integrally formed with the support base 212 or its 

upper plate-shaped elements 212a or is able to be a separate 

element attached thereto.  This cylindrical protrusion extends 

into the large opening 164 of the lowermost substrate carriers 

112 and has a diameter which exactly or substantially corresponds 

to the diameter of the substrates 130 carried within the 

substrate carrier stack in a respective substrate seat.  As shown 

in Fig. 25, the cylindrical protrusion 214 has a height such that 

the lowermost substrate 130 in the substrate carrier stack, which 

is held by the lowermost substrate carrier of the substrate 

carrier stack directly supported by the support basis 212, has 

purging conditions similar to the other substrate carriers within 

the substrate carrier stack.  To this end, the distance between 

the upper planar surface of the cylindrical 
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224a, 224b extend the first and second pairs of vertical purging 

gas distribution channel or vertical purging channels formed by 

the first pair of smaller inner opening 166a and 166b and the 

second pair of smaller inner openings 168a and 168b, so that the 

vertical purging gas channels extend along the complete vertical 

extent of the inner accommodation space of the substrate carrier 

stack, where substrates held by a respective substrate carrier 

are able to be located.  The partition walls 220a and 220b, which 

may also be denoted as partition ridges, include arc-shaped 

portions like the arc-shaped portions 202a and 202b of the 

partition webs and are provided with a respective set of 

vertically neighboring longitudinal openings 126 extending along 

the outer circumference of the inner accommodation space, 

analogous to the line nozzles or longitudinal openings defined by 

next neighboring partition webs of the substrate carriers, so 

that horizontal purging gas flows are able to emanate for the 

purging treatment of substrates also in the height range of the 

uppermost substrates held by the uppermost substrate carriers 112 

of the substrate carrier stack 110, as illustrated in Fig. 28, 

along with Figs. 17A, 17B, and 25. 

[0219] The four substrate carriers 112 shown in Fig. 28 are 

located in the substrate carrier stack above the substrate 

carriers of Fig. 17B and hold their respective substrate 130 via 

their substrate holding arms located within the larger recesses 

228 of the cover 116.  The smaller recesses 222a, 222b and 224a, 

224b with the longitudinal openings or possibly line nozzles 226 

in the partition walls 220a and 220b provide for horizontal 

purging gas flows through the spaces between next neighboring of 

the substrates 130 and also between the upper surface of the 

uppermost substrate carrier 112 and the lower surface of the 

cover within the large recess 228. 

[0220] Using the base 114 and the cover 116, identical or 

substantially identical purging conditions for all substrates 130 

within the substrate carrier stack 110 are able to be  
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obtained.  Preferably, the longitudinal openings or line nozzles 

from which the horizontal purging gas flows emanate towards the 

substrates and into which the purging gas enters after having 

passed the substrates are provided at equidistant vertical 

distances, wherein the respective line nozzle or longitudinal 

opening preferably is located at half height between the lower 

surface of an upper substrate 130 and the upper surface of a 

lower substrate 130, between the lower surface of the cover 116 

within the recess 128 and the upper surface of the uppermost 

substrate 130 and between the lower surface of the lowermost 

substrate 130 and the upper surface of the cylindrical protrusion 

214 of the base 114, again assuming substrates that have a 

thickness for which the substrate carriers 112 and therewith the 

substrate carrier stack 110 are optimized.  However, the 

substrate carriers 112 and the substrate carrier stack 110 are 

also able to be used for the storage, handling, and treatment of 

substrates having other thicknesses. 

[0221] It is to be noted that the cover 116 preferably 

includes horizontally extending interfacing projections 154a’, 

154b’, 154c’, and 154d’, which are formed by interfacing sections 

224a, 224b, 224c, and 224d protruding downwardly from a support 

surface 229 of a frame portion 227 of the cover 116.  The frame 

portion 227 is supported on the outer carrier frame 140 of the 

uppermost substrate carrier 112.  A lower ring surface strip of 

the frame portion 227 extending around the large recess 228 and a 

lower ring surface strip of the outer carrier frame 140 of the 

uppermost substrate carrier 112 extending around its inner zone 

162 form sealing surfaces in mutual engagement to confine the 

purging gas within the substrate carrier stack 110.  

Alternatively, one of these surfaces is able to be replaced by a 

sealing lip or sealing ridge.  Preferably, the cover 116 is 

provided with such a sealing lip or sealing ridge at its frame 

portion 227, analogous to the sealing lip or sealing ridge 204 of 

the substrate carriers 112. 

 


