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stabilization technology is also intended to allow further processing, transport, and storage of the 

few micron-thick substrate. 

 The most frequently used carrier technology is so-called temporary bonding. In 

temporary bonding a temporary cement is applied to the product wafer (which is to be back-

thinned) and/or the carrier substrate. Afterwards a temporary bonding process between the 

product substrate and the carrier substrate takes place. Here it is often such that the product 

substrate side which is fixed with the temporary cement on the carrier wafer already has 

functional units. The functional units can be microchips, LEDs, MEMs, RDLs, or bumps. The 

layer thickness of the temporary cement must be accordingly greater than the maximum height 

of the functional units in order to ensure complete embedding of the functional units in the 

cement. 

 A very serious problem in the prior art is the so-called total thickness variation (TTV). 

This is defined as the difference between the maximum and minimum thickness of an object 

along one given direction or one plane. For example, the TTV of a silicon wafer is defined as the 

difference between the maximum thickness which is to be found at one location of the silicon 

wafer and its minimum thickness which is to be found elsewhere. 

 The concept of the TTV can also be expanded to combined objects. Thus, in the 

semiconductor industry the thickness variation of a bonded substrate stack is generally 

measured. In doing so the substrate stack with the surface of its first substrate pointing to the 

outside is deposited on a plane of a measuring device which is as planar as possible. Afterwards 

a relative movement of the substrate stack with respect to a sensor takes place. The sensor is 

generally a laser interferometer. With one 
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substrate stack, preferably a fluid, especially a liquid is applied between the transmitter and the 

surface of the substrate stack. Therefore this type of measurement is not preferred. 

 The transmitter is preferably mounted rigidly or statically with reference to the mounting 

base. The mounting base is as level as possible and is used to accommodate a wafer chuck 

which can move preferably along the mounting base and on which the substrate stack can be 

fixed, and is fixed for measuring and/or equalizing. The movable wafer chuck enables relative 

movement between the substrate stack and the transmitter and thus a measurement of the layer 

thickness of the substrate stack along the aforementioned surfaces. 

 Subsequently the evenness is used as a measure of the perfection of a planar area, in 

particular a surface. Deviations from a planar surface result from ripples and roughness. The 

ripple of a surface is characterized by a certain periodic raising and lowering of the surface, in 

particular in the millimeter range, less often in the micron range. Conversely, roughness is a 

rather aperiodic phenomenon in the micron or nanometer range. The exact definition of these 

surface properties is known to one skilled in the art of surface physics, tribology, mechanical 

engineering or materials science. In order to treat the different deviations from the ideal surface, 

hereinafter the concept of roughness is used synonymously for the aforementioned effects and 

the superposition of all these effects. The roughness is specified either as the average roughness, 

quadratic roughness or as the averaged peak-to- valley height. The determined values for the 

average roughness, the quadratic roughness and the averaged peak-to-valley height generally 

differ for the same measured distance or measurement area, but are generally of the same order 

of magnitude. Therefore the following ranges of numerical values for the roughness should be 

understood either as values for the 
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 Figure 4 shows a schematic cross section of one embodiment of a measuring unit and 

spot application apparatus which have been combined as claimed in the invention, 

 Figure 5a shows a schematic cross section of a first treatment step as claimed in the 

invention for one embodiment of a method as claimed in the invention, 

 Figure 5b shows a schematic cross section of a second treatment step as claimed in the 

invention for the embodiment according to Figure 5a, 

 Figure 5c shows a schematic cross section of a third treatment step as claimed in the 

invention for the embodiment according to Figure 5a, 

 Figure 5d shows a schematic cross section of an optional fourth treatment step as 

claimed in the invention for the embodiment according to Figure 5a, 

 Figure 6a shows a schematic cross section of a surface application apparatus as claimed 

in the invention according to a first embodiment, 

 Figure 6b shows a schematic cross section of a surface application apparatus as claimed 

in the invention according to a second embodiment, 

 Figure 7 shows a schematic cross section of a surface application apparatus as claimed in 

the invention according to a third embodiment, 
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 Figure 8 shows a schematic of a cross section (at left) and of a bottom view (at right) of 

six embodiments of an application head as claimed in the invention and 

 Figure 9 shows a schematic bottom view of a fourth embodiment of a surface application 

apparatus as claimed in the invention with a field of hexagonal flat application heads. 

 In the figures the same components or components with the same action are identified 

with the same reference numbers. 

 Figure 1a shows a schematic cross section of an ideal substrate stack 1, consisting of a 

carrier substrate 2, an interconnect layer 3 which is made as temporary cement, and a product 

substrate 4. In this embodiment which cannot be technically implemented or which can be 

implemented with disproportionate effort, the carrier substrate 2, the interconnect layer 3 and the 

product substrate 4 have a uniform thickness, therefore a thickness variation (TTV) of zero. The 

uniform thicknesses of the carrier substrate 2, of the interconnect layer 3 and of the product 

substrate 4 thus lead to a uniform substrate stack thickness. 

 Figure 1b shows a schematic cross section of a real substrate stack 1, consisting of a 

carrier substrate 2, an interconnect layer 3 with thickness variation, and a product substrate 4. 

The thickness variation is at least largely, essentially exclusively, dictated by the interconnect 

layer 3. The product substrate 4 is thinner than the carrier substrate 2, for which reason the 

product substrate 4 essentially follows the thickness variation of the interconnect layer 3, 

whereas the carrier substrate 2 at least when executing the method as claimed in the invention is 

accommodated, in particular fixed, on a level wafer chuck 8. 
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 The nonuniform substrate stack thickness t is clearly recognizable. The nonuniformity in 

the substrate stack thickness t during back-thinning (see Figure 1c) of a surface 4o of the product 

substrate 4 leads to a corresponding nonuniform product substrate 4. Convexly curved sections 

of the surface 4o (local peaks) are more strongly removed, while concavely curved sections of 

the surface 4o (local valleys) are less removed. The entire product substrate 4 would be 

nonuniform after a stripping process although it had a uniform thickness beforehand. 

 This process can be solely prevented by its being ensured that the nonuniform thickness 

distribution and thus the TTV of the real substrate stack 1, which TTV is considered a 

dimension, are reduced by the embodiments as claimed in the invention to such an extent that an 

ideal substrate stack 1 is obtained. After the embodiment as claimed in the invention has 

converted a real substrate stack 1 into an ideal substrate stack 1, the latter can also be treated 

accordingly. An ideal substrate stack 1 is defined as a substrate stack 1 which has a TTV value 

below a fixed boundary value. 

 Figure 2 shows a measuring unit 5 consisting of a sensor 7, preferably an interferometer, 

even more preferably a white light interferometer. The sensor 7 is tightly connected to a solid 

mounting base via braces 10. The mounting base 6 is used as a mechanical vibration damper. On 

the mounting base 6 moreover the wafer chuck 8, preferably on an air-cushion bearing, is moved 

in an X-Y direction which is defined by the mounting base. 

 The wafer chuck 8 can fix the substrate stack 1 via various fixing elements (not shown). 

The fixing elements can be vacuum fixings, electrostatic fixings, mechanical 
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clamps, adhesive surfaces, or similar fixing mechanisms. They are known to one skilled in the 

art. 

 The wafer chuck 8 can move in translation along the X and Y direction and can also 

preferably be moved along the Z direction (perpendicular to the X and Y direction) so that it 

enables raising of the substrate stack 1. In one especially preferred embodiment the wafer chuck 

8 can be turned around a local Z axis and/or can be tilted around a local X and/or Y axis. 

 The first step as claimed in the invention is to measure the thickness distribution of the 

substrate stack 1, therefore exactly measure the layer thickness for each X-Y position of the 

substrate stack 1 by the measuring unit 5. The measuring unit is controlled by a control 

apparatus (not shown) and the measured values are filed for later use in the control of an 

application apparatus 11 (see Figures 3 to 9). 

 Figure 3 shows the application apparatus 11 made here as a spot application apparatus, 

consisting of an application unit 9 which is connected to the mounting base 6 via braces 10'. The 

spot application apparatus 11 and the wafer chuck 8 are controlled by means of software and/or 

firmware and/or hardware (control apparatus). Convex bows or peaks 12 are approached 

individually (by moving the wafer chuck 8 and/or the application unit 9 in the X and Y 

direction) and are planarized as much as possible by the application of the application unit 9 on 

the surface 4o. 

 The application unit 9 is raised and lowered here along the Z direction (see arrows in 

Figure 3) in order to equalize the substrate stack thickness t by the contact of an application head 

9k with the surface 4o, especially by 
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equalizing the convex bow 12. 

 The application unit 9 is preferably a pin. Accordingly the loading of the convex bow 12 

is defined in particular as mechanical compressive loading. Preferably the mechanical 

compressive loading of the convex bow 12 produces flow and thus a more uniform distribution 

of the temporary cement 2 between the carrier substrate 2 and the product substrate 4. 

 Figure 4 shows one especially preferred embodiment in which the measuring unit 5 with 

the sensor 7 and the application apparatus 11 with the application unit 9 have been combined 

with one another in one unit or one module. In this way a correspondingly compact 

measurement and equalizing can be performed. Mainly the changing between measurement and 

equalizing can be carried as often as desired and above all correspondingly effectively and 

quickly. 

 Figure 5a shows a schematic cross section of a first process step as claimed in the 

invention, in which a certain convex bow 12 is positioned under the sensor 7. The sensor 7 

measures the real substrate stack thickness tsr. When the carrier substrate thickness tt and the 

product substrate thickness tp are known, the convex bow 12 can be determined. The convex 

bow 12 as claimed in the invention is to be deformed as much as possible by a deformation path 

dz in the negative Z direction toward the carrier substrate 2 in order to achieve the desired ideal 

substrate stack thickness tsi at this X-Y position. 

 Figure 5b shows a schematic cross section of the positioning of the same convex bow 12 

under the application unit 9. The positioning of the convex bow 12 should  
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take place with high precision. The precision is in particular better than 1 mm (maximum 

deviation/tolerance in the X-Y direction), preferably better than 100 µm, more preferably better 

than 10 µm, most preferably better than 1 µm. 

 Figure 5c shows a schematic cross section of the use of the application unit 9 by 

lowering and in this way after the application head 9k makes contact with the surface 4o by 

mechanical compressive application on the convex bow 12. In doing so the convex bow 12 is 

planarized. For better deformability of the interconnect layer 3 when applied upon, it is 

preferably heated, so that deformation as plastic as possible takes place. 

 Figure 5d shows a schematic cross section of an optional fourth measurement step of 

repeated measurement of the same position in order to verify the decrease or even the 

disappearance of the convex bow 12 or optionally to apply an application again and/or to 

calibrate the application apparatus 11. 

 Under real conditions it can be shown that deformation of the convex bow 12 in the 

negative Z direction by the deformation path dz due to internal stresses of the substrate stack or 

flow behavior of the interconnect layer 3 is not always exactly possible so that the ideal 

parameters are determined by empirical measurements by means of the above described 

embodiment. 

 The process steps as claimed in the invention which are shown in Figures 5a-5d are 

carried out for all X-Y positions of the measured peaks of the substrate stack 1. 

 Figure 6a shows one preferred embodiment of an application apparatus 11� which is 

made as a surface application apparatus, consisting of several 
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application units 9. The application units 9 are movably fixed on a brace body 10'' in the Z 

direction which is in turn fixed on the mounting base 6. 

 The application units 9 can apply mechanically and/or thermally and/or electrically 

and/or magnetically on the surface 4o of the product substrate 4 or on the substrate stack 1 

according to the embodiment as shown in Figure 3 and thus can lead to a reduction of the 

convex bows 12. 

 The idea as claimed in the invention for the surface application apparatus consists firstly 

in faster throughput and thus lower costs in the processing of several substrates and secondly in 

the possibility of carrying out a parallel deformation of the surface 4o of the product substrate 4 

and of the underlying interconnect layer 3. This is necessary mainly when the removal of a 

convex bow 12 by an application unit 9 at one position leads to material flow and generation of 

a further convex bow 12. By dedicated and controlled simultaneous loading of several points of 

the surface 4o of the product substrate, the material flow in the temporary cement 3 can be better 

controlled and the thickness variation can be reduced even more efficiently. 

 The application units 9 can be triggered individually and can be moved in the Z direction 

from a rest position into an application position. In the rest position the application units 9 are 

located flush in one plane parallel to the X-Y direction. The application units 9 are preferably 

arranged equidistantly to one another and form a field of application units 9. 

 Figure 6b shows an application apparatus 11" which constitutes an expansion of the 

embodiment according to Figure 6a. Here the application apparatus 11" has a membrane 14. The 

membrane 14 is 
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attached to the brace body 10" and overlaps the application heads 9k of the application units 9. 

The application units 9 deform the membrane 14 when the surface 4o is applied upon and 

contact with the surface 4o of the product substrate 4 thus takes place, no longer directly, but via 

the membrane 14. In this way a similar, but due to the continuity of the membrane 13 more 

continuous and thus more uniformly distributed compressive application is achieved. 

 According to another embodiment which is shown in Figure 7, there is an application 

apparatus 11"' which has application units 9
VI

 in the form of pressure chambers. The pressure 

chambers are bordered by elastic pressure chamber walls 13 and the membrane 14. The pressure 

chambers can be controlled individually by their being exposed to pressure. The pressure is 

applied by a fluid which is routed via fluid accesses 15 into or out of the pressure chamber. The 

fluid can be a gas, a gas mixture, a liquid, a liquid mixture or in certain applications a gas-liquid 

mixture. 

 The membrane 14, in addition to its function as a pressure transfer element, can have 

heating elements which are triggered in particular with local resolution, for heating of the 

substrate stack 1, especially of the interconnect layer 3. 

 Figure 8 shows different alternative forms for the application units 9, 9', 9", 9"', 9
IV

, 9
V
, 

9
VI

. Jacket surfaces of the application units 9, 9', 9", 9"', 9
IV

, 9
V
, 9

VI
 are preferably shaped as 

round, in particular circular (three versions 9, 9', 9" at left) or square cylinders (three versions 

9"', 9
IV

, 9
V
 at right). 

 The application side (or application head) is in particular rounded (application unit 9), 

flat (application units 9', 



29 

 

9"'), pointed (application unit 9"), conically flattened (application unit 9
IV

) or hexagonally flat 

(application unit 9
V
). 

 Figure 9 shows one embodiment of an application apparatus 11
IV

 which is made as a 

surface application apparatus with a field of hexagonal flat application units 9
V
. The application 

units 9
V
 adjoin one another in a honeycomb fashion and are therefore outstandingly well suited 

for the method as claimed in the invention by division and stability. 
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Reference number list 

 

1   substrate stack 

2   first substrate, in particular carrier substrate 

3   interconnect layer, in particular temporary cement 

4   second substrate, in particular product substrate 

4o   surface of the product substrate 

5   measuring unit 

6   mounting base 

7   transmitter-receiver unit 

8   wafer chuck 

9, 9', 9"   application units 

9"', 9
IV

   application units 

9
V
, 9

VI
   application units 

9k   application head 

10, 10', 10"  braces, brace bodies 

11, 11', 11"  application apparatus 

11"', 11
IV

  application apparatus 

12   convex bow, thickness peak 

13   pressure chamber wall 

14   membrane 

15   fluid access 

dz   deformation path 

t   substrate stack thickness 

tsi   ideal substrate stack thickness 

tsr   real substrate stack thickness 

tt   carrier substrate thickness 

tp   product substrate thickness 

 








