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in the same unit. In this case, it must be ensured in particular that it does not result in any 

renewed oxidation of the substrate surfaces during transfer of substrates between the two 

units. 

 In the semiconductor industry, different bonding technologies to connect 

substrates to one another have already been used for several years. The connecting 

process is called bonding. A distinction is made between the temporary bonding method 

and the permanent bonding method. 

 In the case of the temporary bonding method, a product substrate is bonded to a 

carrier substrate in such a way that after processing, it can be dissolved again. Using the 

temporary bonding method, it is possible to stabilize a product substrate mechanically. 

The mechanical stabilization ensures that the product substrate can be handled without 

curving, deforming, or breaking. Stabilizations by carrier substrates are necessary in 

particular during and after a back-thinning process. A back-thinning process makes it 

possible to reduce the product substrate thickness to a few micrometers. 

 In the permanent bonding method, two substrates are bonded to one another 

continuously, i.e., permanently. The permanent bonding also makes possible the 

production of multi-layer structures (more than two substrates). These multi-layer 

structures can consist of the same or different materials. Different permanent bonding 

methods exist.  

 The permanent bonding method of the anodic bonding is used in particular to 

connect ion-containing substrates permanently to one another. Preferably, one of the two 

substrates is a glass substrate. The second substrate is preferably a silicon substrate. 

During anodic bonding, an electric field is applied along the two substrates that are to be 

bonded to one another. The electric field is created between two electrodes, which 

preferably bring the two surfaces of the substrates into contact. The electric field creates 

an ion transport in the glass substrate and forms a space charge zone between the two 

substrates. The space charge zone produces a strong attraction of the surfaces of the two 

substrates, which ensure contact with one another after the objects are brought together 

and thus form a permanent connection. The bonding process is thus based primarily on 

the maximization of the contact surfaces of the two surfaces. 
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 Another permanent bonding method is the eutectic bonding. During eutectic 

bonding, an alloy is created with a eutectic concentration or the eutectic concentration is 

set during a process, in particular a heat treatment. By exceeding the eutectic temperature 

(the temperature at which the liquid phase is in equilibrium with the solid phases of the 

eutectic), the eutectic melts completely. The liquid phase of the eutectic concentration 

that is created wets the surfaces of the areas that are still not liquefied. During the 

solidification process, the liquid phase solidifies to form the eutectic and forms the 

connecting layer between the two substrates. 

 Another permanent bonding method is the fusion bonding. During fusion 

bonding, two flat, pure substrate surfaces are bonded by making contact. In a first step, 

the two substrates are brought into contact, whereby fixing of the two substrates takes 

place by van der Waals forces. The fixing is referred to as a prebond or prefixing 

(English: pre-bond). The bonding force of the prebond makes it possible to produce a 

prefixing, which is strong enough to bond the substrates tightly to one another in such a 

way that a mutual shifting, in particular by the application of a shearing force, is possible 

only with a considerable expenditure of energy. The two substrates, in particular by 

applying normal force, preferably can be relatively easily separated from one another 

again. In order to create a permanent fusion bond, the substrate stacks are subjected to a 

heat treatment. The heat treatment results in forming covalent connections between the 

surfaces of the two substrates. Such a permanent bond that is created is only possible by 

the application of a high force that accompanies a destruction of the substrates. 

 If the bonded substrates are equipped with functional units, in particular 

microchips, MEMs, sensors, and LEDs, they are preferably prefixed and/or bonded at 

low temperatures, in particular less than 200°C, preferably at room temperature. A 

temperature that lies below a temperature sensitivity threshold of the functional units is 

preferably selected. In particular, microchips have a relatively strong doping. At elevated 

temperatures, the doping elements have an elevated diffusivity, which can result in an 

undesirable, disadvantageous distribution of the dopings in the substrate. By this 

measure, thermal stresses can be minimized. Moreover, the process times for heating and 

cooling are shortened. In addition, shifts of different substrate areas, which consist of 
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bonding side lies in particular in the range of between 0.5 mm
2
 and 1,000 mm

2
, 

preferably between 0.5 mm
2
 and 500 mm

2
, even more preferably between 1 mm

2
 and 100 

mm
2
, and most preferably between 4 mm

2
 and 100 mm

2
. The pressure that is 

transferred/transferable with the pressure die lies in particular between 0.1 N/cm
2
 and 

1,000 N/cm
2
, preferably between 1 N/cm

2
 and 600 N/cm

2
, and even more preferably 

between 1 N/cm
2
 and 400 N/cm

2
. Control is exercised by the pressure or force with 

which the pressure dies strike the substrate. The size of the partial surface for prefixing 

depends on the defined or preset bonding strength for prefixing.  

 The latter is - in particular for a 200 mm-Si wafer � greater than 0.1 J/m
2
, 

preferably greater than 0.2 J/m
2
, even more preferably greater than 0.5 J/m

2
, most 

preferably greater than 1 J/m
2
, and all the more preferably greater than 1.5 J/m

2
. 

 Preferably, one of the two substrate holders has a cutaway or an indentation, so 

that the pressure die can act directly on the substrate. The process is performed with a 

pressure die, preferably in the center of the substrate, or alternatively with multiple 

pressure dies. On the partial surfaces struck by the pressure die(s), a covalent bond is 

created that is strong enough to transfer the tacked substrate pair into a bonding chamber 

for a final pressurization over the entire surface and optionally heating of the substrate 

pair. The alignment unit can thus be designed for the resulting prefixing force, which is 

lower than in the state of the art. The force that is necessary for reaching the (maximum 

necessary) bonding strength depends in particular on the quality of the surface, the 

thickness of the amorphous layer, the degree of amorphization, the surface roughness, the 

cleanliness of the surface and/or of the material, or the material combination of the 

substrates. 

 If two pressure dies are used, the latter are arranged in particular at an angle of 

180° to one another. In another embodiment, a pressure die is positioned in the center, 

and a second is positioned with a central or outer radius. If three pressure dies are used, 

the latter are preferably arranged in an equilateral triangle (angle to one another of 120°). 

If four pressure dies are used, the latter are positioned at an angle of 90° to one another. If 

at least two pressure dies are used, the latter are preferably arranged symmetrically. If at 

least two pressure dies are arranged symmetrically, in addition a pressure die can also be 

used in the center. 
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 The invention is explained in more detail below based on an embodiment. The 

features described therein can be used both individually and in any combinations. 

 The embodiment that is shown is based in particular on the idea of substrates 1, 2 

making contact in a manner that is coordinated and simultaneously almost on their own at 

selected points and thus being fixed to one another as a substrate stack 3, by at least one 

of the two substrates, preferably the upper substrate 1, being applied with a pressure die 6 

preferably concentrically to a center M of the substrate stack and the substrates being 

prefixed by this contact, in particular in the center M of the upper first substrate 1. 

 In a unit according to the invention, in particular the process steps of 

preadjustment, pretreatment (oxide removal and/or amorphization), alignment and 

prefixing, bonding, and optionally an inspection (metrology) are integrated. The unit has 

in particular at least one module group with a common working space 20 that can be 

sealed off relative to the ambient atmosphere and that is designed in particular for a high-

vacuum atmosphere k. In particular, the modules, in particular a pretreatment module D, 

an alignment module F, and a bonding module G, can be arranged linearly with in each 

case a transfer chamber B with a movement system (robotic system) in-between. 

 As an alternative, according to a preferred embodiment, the modules can be 

arranged in the shape of a cluster or star around a central module with a movement 

system (robotic system). The star-shaped variant is especially advantageous when 

additional modules according to the invention are arranged around a central module, 

whereby these modules can be docked in particular on the central module. The movement 

system is preferably an industrial robot that is equipped in particular with an end effector. 

 Figure 1 shows a device that is suitable for performing the method according to 

the invention with the individual modules or stations in the working space 20 in a view 

from above. A sluice A is used to introduce substrates 1, 2 from an ambient pressure 

outside of the working space 20 into the high-vacuum atmosphere k of the working space 

20. At the other end of the working space 20, a sluice A is used to discharge the 

substrates 1, 2, processed in the modules, in particular as a bonded substrate stack 3. 

 The loading and discharging are depicted in Figure 1 by an arrow b. In this case, 

the sluice A ensures that the vacuum value of the high-vacuum chamber (for example, the 

transfer chamber B) is impaired only minimally or not at all by introducing new 
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substrates 1, 2 or by recovering the bonded substrate stack 3. Preferably, the sluice A 

consists of a sluice chamber, which for introducing the substrates into the chamber is 

connected to the environment by at least one valve. With at least one second valve, the 

sluice chamber is connected to the high-vacuum environment. The supply of the 

substrates 1, 2 in the high vacuum is carried out in particular via in each case one of the 

transfer chambers B. The sluice A is equipped in particular with a pumping system, 

which after closing the valve can drop the sluice chamber from ambient pressure 

(approximately 1,013 mbar) to a pressure close to that of the transfer chamber B. 

 This pressure is in particular less than 1 E
-4

 mbar, preferably less than 1 E
-5

 mbar, 

even more preferably less than 1 E
-6

 mbar, and most preferably less than 1 E
-7

 mbar. 

After reaching the target pressure in the sluice chamber, the valve can be opened to the 

transfer chamber B, and the substrates 1, 2 are transferred via a robotic arm that is built in 

particular in the transfer chamber B from the sluice A into a target chamber, in particular 

a preadjustment system C. 

 As pumping systems for achieving such a vacuum, in particular displacement 

pumps are suitable, preferably dry-running scroll, piston, or membrane pumps. 

Turbomolecular pumps are preferred for the range of below 1 mbar to below 1 E
-6

 mbar 

and so-called �cryopumping� for its very high vacuum to below 1 E
-8

 mbar. 

 The substrates 1, 2 are transported from one process station/process module to 

another via a robotic arm 9, in particular without significantly changing the vacuum level, 

preferably via one or more transfer chambers B. This process is shown in Figure 1 by 

arrow a. In the transfer chamber(s) B, a vacuum of less than 1 E
-5

 mbar, preferably less 

than 1 E
-6

 mbar, even more preferably less than 1 E
-7 

mbar, and most preferably less than 

1 E
-8

 mbar is preferably maintained during the entire transfer. The transfer chamber B can 

be isolated from the process modules via valves 14 and has a robotic arm 9 with grippers 

(not shown) for the substrates 1, 2 or the substrate stack 3. 

 The substrates 1, 2 are preadjusted first in a preadjusting system C. In the 

preferred embodiment of Figure 1, a preadjusting system C is present for each of the two 

substrates 1, 2. The substrates 1, 2 are introduced in particular with an orientation in the 

high-vacuum environment that is not specifically known. A typical positional tolerance of 
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substrates 1, 2 in the sluice A is in the range of a few millimeters to a few hundred 

micrometers. In particular, the rotation of the substrates 1, 2 around the Z-axis (vertical 

axis) can be +/- 180° from the nominal value. The rotation or angular position is 

determined based on the periphery of the substrates, in particular edges in the case of 

quadratic substrates or flats or notches in the case of wafers. The preadjustment system C 

uses these peripheral geometry features in order to roughly preadjust the substrates 1, 2 to 

a positional accuracy of +/-100 > mm along the X- and Y-axes, as well as +/- 0.1° around 

the Z-axis (vertical axis). 

 After the preadjustment, the substrates 1, 2 are further transported through a 

transfer chamber B into the pretreatment station D. For the pretreatment station D, 

reference is made to PCT/EP2014/063303. The pretreatment station D is a module for 

plasma pretreatment of the substrate surfaces. The pretreatment implants particles under 

the substrate surfaces 1o, 2o of the substrates 1, 2. In particular, in the case of the plasma 

pretreatment, the substrate surface 1o that has Si is amorphized in a thickness range of 1 

to 20 nm by plasma treatment. Highly reactive molecules, which quickly form new bonds 

with molecules of the bonding partner (second substrate 2), remain on the surface. The 

amorphization reduces the necessary energy (force) in order to close microcavities. A 

maximum number of molecules can connect, whereby high proportions of contact surface 

and high bonding strengths result therefrom. In addition, the pretreatment produces the 

removal of organic contamination as well as oxides of metal or semiconductor materials. 

This is a desired effect in order to produce a conductive surface later. 

 After the substrates 1, 2 have been pretreated in each case in a pretreatment 

module D, they are transferred to an alignment module with integrated prefixing module 

F. On the way there, one of the two substrates 1, 2, is turned into a turning station E, 

since the substrates 1, 2 are loaded toward the top in the modules, preferably with the side 

that is to be bonded (substrate surfaces 1o, 2o). The process stations, in particular the 

pretreatment module D, are preferably designed for treatment of the substrate surfaces 1o, 

2o to be bonded from above. 

 For the alignment module F, preferably the upper substrate 1 is oriented 

downward with the substrate surface 1o to be bonded. The turning station E rotates the 
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substrate 1 by 180° and thus prepares for the loading of the alignment module F. The 

transfer is done preferably via one of the transfer chambers B. 

 The alignment module F is shown in the embodiment according to Figure 1 as a 

module in a unit with process-modules that are arranged in a linear manner. The 

alignment module F is equipped with a prefixing system for tacking. Tacking is thus 

carried out in the same module. In an alternative embodiment, the tacking can also take 

place in a separate module. 

 The prefixing module preferably has a striking system, in particular a pressure die 

6, preferably a pressure pin arranged in the center. After alignment, the substrates 1, 2 

make contact, and, by having a local, centrically arranged surface load introduced by the 

pressure die 6, at least this small partial surface bonds spontaneously and fixes the exact 

alignment of the substrates 1, 2 so that the latter no longer slip until bonding occurs in the 

bonding module G. 

 In an alternative embodiment, multiple local surface loads are introduced, for 

example by multiple pressure dies 6. As a result, multiple local partial surfaces bond 

spontaneously and fix the alignment at multiple points and thus better or with lower 

expenditure of force per point. 

 The alignment module F according to Figure 2 preferably contains two openings 

with a valve 14 for loading the substrates 1, 2 and unloading the aligned and stuck 

substrate stack 3. As an alternative, the alignment module F contains only one opening 

with a valve 14 for loading and unloading. In the alignment module F, Figure 2 shows an 

upper substrate receiving system 4 for receiving the upper substrate 1 on a receiving 

element (not shown). When receiving the substrate 1 in the substrate receiving system 4, 

only one receiving surface is in contact with a receiving side of the substrate 1. Opposite 

to the receiving side, the pretreated, in particular amorphized, substrate surface 1o of the 

substrate 1 is arranged. The receiving surface of the receiving system 4 is matched in 

particular to a large extent to the dimensions and peripheral contours of the substrates 1 

used. 

 In the alignment module F, Figure 2 shows a lower substrate receiving system 8 

for receiving the lower substrate 2 on a receiving element (not shown). When receiving 

the substrate 2 on the substrate receiving system 8, only the receiving surface comes into 
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contact with the receiving side of the substrate 2. The pretreated, in particular 

amorphized, substrate surface 2o of the substrate 2 is arranged opposite to the receiving 

side. The receiving surface of the substrate receiving system 8 is matched in particular to 

a large extent to the dimensions and peripheral contours of the substrates 2 that are used. 

 The lower substrate receiving system 8 is arranged on an alignment unit 7, with 

which the lower substrate 2 can be aligned relative to the upper substrate 1 in the X-, Y- 

and rotational directions as well as in the angular position (wedge error compensation). 

 The upper substrate 1 is equipped with reference marks 1�. It can be designed in 

particular as a product substrate with structures that are part of a microelectronic, optical, 

micromechanical or microfluidic component. The lower substrate 2 is also equipped with 

reference marks 2�. It can be designed in particular as a product substrate with structures 

that are part of a microelectronic, optical, micromechanical or microfluidic component. 

 Preferred embodiments for fixing the substrates 1, 2 or wafers on the respective 

specimen holder are an electrostatic fixing of wafers under high vacuum or a mechanical 

fixing by clamping. In particular, the substrate receiving systems 4, 8 or the alignment 

module F are able - by means of the alignment unit 7 � to align the two substrates 1, 2 in 

a plane-parallel manner and at a short distance by tilting around the X- and Y-axis for a 

wedge error compensation. This is carried out before the alignment along the X-Y-

rotational axis or before making contact along the Z-axis. As an alternative, the wedge 

error compensation can also take place by actuators in the alignment unit 7. In general, 

the unit preferably has a system for a non-contact wedge error compensation between the 

substrates that are aligned in parallel, whereby reference is made in particular to the 

disclosure in WO2012/028166A1. 

 In addition, the substrate receiving system 4 has in particular a hole or a cutaway 

or indentation for the pressure die 6 in order to strike the substrate 1 locally with the 

pressure die 6. 

 Preferably, the substrate center (center M) is struck by the pressure die 6, so that 

mechanical stresses by different temperature input are avoided to a large extent in the 

upper substrate 1 and the lower substrate 2 based on the thermal expansion of the 

materials. As an alternative to this, multiple pressure dies are conceivable, however, in 
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particular in the case of a pure room temperature process or in the case of the processing 

of materials with thermal expansion that is non-existent or very low. 

 In an alternative embodiment, the upper substrate holder 4 can be designed in a 

flexible manner to transfer the surface load of the pressure die 6 locally to the substrate 

pair. 

 In the embodiment according to Figure 2, a pressure die 6 is specifically provided. 

With the latter, mechanical pressure is exerted on the surface of the substrate stack 3, in 

particular on the receiving side of the substrate 1. 

 The pressure die 6 is preferably designed as an actuator with the ability to run into 

contact with the receiving side of the upper substrate 1 in a controlled manner and to set a 

defined input of force. Preferably, this force is controlled by a control system, in 

particular pressure or current. Even more preferably, the force is regulated by a weighing 

cell in order to introduce an exact contact force that is measured in a reproducible and 

calibrated manner. 

 The pressure die 6 is preferably created in the shape of a pin. The tip of the pin 

can have different shapes. Thus, pointed tapering shapes, rounded, in particular spherical, 

shapes, or rectangular shapes are conceivable. The contact surface of the pressure dye can 

be designed curved or flat. 

 In this embodiment according to the invention, the prefixing is performed with an 

actuator in the center of the substrate. In this case, the resulting force Fa acts via the 

control of the actuator or the actuator system in the surface center of gravity of the 

contact surface between the substrates 1, 2. The unit preferably has sensors for 

monitoring force for a control of the pressurization. 

 In another embodiment, the pressure die 6 is designed as a pressure-elastic die 

(for example by an elastomer layer), which introduces especially uniform pressure or  

surface load into the substrate stack 3. The pressure die 6 can preferably be designed 

round with a die pressure surface of between 0.5 mm
2
 and 8,000 mm

2
, preferably 

between 0.5 mm
2
 and 2,000 mm

2
, and more preferably between 5 mm

2
 and 500 mm

2
. 

 In the prefixing, an equivalent pressure for spontaneous bonds in partial surfaces 

is introduced by local application of force in order to prefix (to stick or to �tack�) the 

substrates 1, 2. The substrates 1, 2 are locally prebonded. On the partial surfaces, 
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preferably a covalent bond is created that is strong enough to transfer the stuck substrate 

pair 3 into a bond chamber G for pressurization over the entire surface for bonding and 

optional heating. The alignment module F must thus be designed only for the resulting 

force of the partial surfaces. 

 The upper substrate receiving system 4 can be embodied in a transparent manner 

or have additional recesses or indentations for position-detecting means 5. If the upper 

substrate receiving system 4 is made transparent, certain or all components are 

manufactured from UV- and/or IR-transparent materials. The optical transparency of 

these materials is in particular greater than 0%, preferably greater than 20%, more 

preferably greater than 50%, most preferably greater than 80%, and with utmost 

preference greater than 95%. 

 The upper substrate receiving system 4 can, moreover, contain an actuating 

element for a controlled Z movement. On the one hand, in order to load the substrates 1, 

2 with the robotic arm 9 and then to set an optimal distance for adjustment. On the other 

hand, in order to bring into contact the substrates 1, 2 after alignment is completed. In an 

alternative embodiment, the Z-movement can be embodied by the alignment unit 7. 

 The position-detecting means 5 can comprise in particular microscopes for 

detection of the position of the reference marks 1�, 2� relative to the X- and Y-axis at at 

least two points. As an alternative, the position-detecting means 5 can be arranged under 

the substrate pair 3 as part of the alignment unit 7 or in addition to the alignment unit 7. 

In another embodiment, the position-detecting means 5, in addition to the substrates, are 

arranged approximately in the plane of the contact surface of the upper substrate 1 and 

the lower substrate 2. This embodiment makes possible the detection of the position of 

substrates 1, 2 via the detection of the edges. 

 The alignment unit 7 of Figure 2 makes it possible to convert the signals of the 

position-detecting means 5 into adjustment movements for the lower substrate 2. 

Corresponding to the substrate receiving system 4 for the upper substrate 1, it can be 

embodied as an electrostatic-receiving system (English: chuck) under high vacuum or as 

a mechanical receiving system. In the case of the lower substrate receiving system 8, 

moreover, the pure center of gravity can also be sufficient, in another embodiment, to 

produce alignment and contact. 
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 The alignment unit 7 has at least three movement axes:  X-, Y- and a rotation 

around the Z-axis. Optionally, in another embodiment, a Z-axis can also be part of the 

alignment unit 7 with the function as described in the upper substrate receiving system 4. 

Further, a controlled tilting option around the X- and Y-axis can be provided in order to 

align the substrates 1, 2 in a plane-parallel manner before the adjustment process (wedge 

error compensation). 

 According to an advantageous embodiment, the position-detecting means 5 ensure 

the exact alignment of the substrates 1, 2 by detecting the relative positions and relaying 

them to the control system. This produces an alignment of the substrates 1, 2 to one 

another. The alignment is done manually or preferably automatically with an inaccuracy 

(English: misalignment) of less than 100 mm, preferably less than 10 mm, even more 

preferably less than 1 mm, with utmost preference less than 100 nm, and most preferably 

less than 10 nm. 

 Below, a sequence of an alignment and prefixing (tacking) based on the 

embodiment with pressure dies is described: 

1) Opening of the loading valve 14, 

2) Transfer of the first substrate 1 to the substrate receiving system 4 and fixing the 

first substrate 1 on the first substrate receiving system 4, 

3) Transfer of the second substrate 2 to the second substrate receiving system 8 and 

fixing of the second substrate 2 to the second substrate receiving system 8, 

4) Parallel alignment of the substrates 1, 2 via actuators in the alignment unit 7, 

5) Setting a distance (adjustment gap) between the substrates 1, 2. The adjustment 

gap is in particular less than 100 mm, preferably less than 50 mm, and even more 

preferably less than 30 mm. 

6) Alignment of the substrates 1, 2 via actuators in the alignment unit 7 by means of 

the positional detection with the position-detecting means 5 based on the 

reference marks 1�, 2�; the second substrate 2 is preferably aligned relative to the 

first substrate 1. The reference marks 1�, 2� are positioned overtop or are moved 

into preset relative positions, 

7) Full-surface contact of the substrate surfaces 1o, 2o that are to be bonded of the 

substrates 1, 2 with low contact force; in particular, the contact force lies between 
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0.1 N and 500 N, preferably between 0.5 N and 100 N, more preferably between 1 

N and 50 N, and most preferably between 1 N and 10 N, 

8) Imposing of force by the pressure die 6 on an in particular centric partial surface 

with a diameter of between 1 and 100 mm, preferably between 1 and 50 mm, 

more preferably between 3 and 20 mm; in particular, the force lies between 0.1 N 

and 5 kN, preferably between 0.5 N and 1 kN, more preferably between 1 N and 

500 N, and most preferably between 10 N and 50 N; the local high pressure 

produces local covalent bonds and fixes the substrates 1, 2 in contact relative to 

one another (forming of the aligned substrate stack 3), 

9) Removing the substrate stack 3 from the upper substrate holder 4, 

10) Unloading the substrate stack 3 from the lower substrate holder 8 (for example via 

loading pins) with the robotic arm 9,  

11) Transfer of the substrate stack 3 via the valve 14 to the bonding station G and 

bonding of the substrate stack 3. 

 

 Figure 3a shows an overview of the second substrate 2 of the substrate stack 3, 

whereby a local surface 15 of the pressurization by the pressure die 6 performed on the 

substrate stack 3 after the alignment can be seen. This surface corresponds to a prefixed 

(tacked) zone 15 in the substrate stack 3. 

 The transfer of the substrate stack 3 between the adjusting system F with 

prefixing and bonding station G is carried out again via a transfer chamber B. The 

bonding station G according to Figure 2 makes it possible to convert the partial-surface 

prefixing into a full-surface bond. In this case, in particular a high and uniform surface 

load is applied. Preferably, the force lies between 0.5 and 500 kN, preferably between 0.5 

and 250 kN, more preferably between 0.5 and 200 kN, and most preferably between 1 

and 100 kN. In addition, the temperature can be increased. In this case, the bonding 

temperature preferably lies between 18°C and 1,100°C, preferably between 18°C and 

450°C, more preferably between 18°C and 200°C, and most preferably at room 

temperature. The low temperature, despite very high bonding strength, is achieved by the 

effect of the pretreatment and seen as an advantage. CMOS circuits are not to be heated 

above 450°C, preferably not above 200°C. Special applications, such as, for example, the 
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bonding of two semiconductor materials with very different thermal expansion (for 

example, Si with GaAs), are carried out preferably at low temperatures, preferably room 

temperature, in order to avoid subsequent mechanical stresses and distortions. 

 A pressure die 11 of the bonding station G is connected to a force actuator 12 and 

introduces a uniform surface load into the substrate stack 3. For uniform distribution of 

the surface load, ductile (deformable) layers can be embedded, such as, for example, 

more flexible graphite, rubber and/or silicone matting. 

 Preferred force ranges of the force actuator 12 lie between 0.5 and 500 kN, 

preferably between 0.5 and 250 kN, more preferably between 0.5 and 200 kN, and most 

preferably between 1 and 100 kN. The force actuator 12 can be in particular a pneumatic 

cylinder, a hydraulic cylinder, an electrospindle drive, or a knee lever drive (not shown). 

Advantageous embodiments contain a measuring means for regulating the force, in 

particular in order to increase the latter in a programmed manner, to keep it constant, and 

later to bring it back down. The unit preferably has sensors for monitoring force. 

 The prefixed substrate stack 3 is delivered to the substrate receptacle 13, in 

particular via loading pins (not shown). In the holding device, the substrate receptacle 13 

preferably has a lifting mechanism with loading pins in order to accommodate and to lay 

down a substrate stack 3 on the holding device or to lift a laid-down substrate stack 3 

away from the holding device. In this case, the substrate stack 3 is raised using pins 

located in the specimen holder so that a robotic gripper (paddle), designed in particular as 

a robotic arm, can move below or to the side of the substrate stack and removes the latter 

with a, for example, forward movement of the pins. The substrate receptacle 13 can be 

made purely by the action of gravity. In an advantageous embodiment, the wafer stack 3 

is fixed by an electrostatic fixing to the substrate receptacle 13. This electrostatic fixing 

can ensure that at the end of the bonding process, when the contact force is removed, the 

bonded substrate stack 3 remains on the preferred lower substrate receptacle 13. 

Optionally, the substrate receptacle 13 has a heating system (not shown) or a heating 

and/or cooling system. 

 Below, a preferred sequence for the final bonding step in the bonding station G is 

described: 



38 

 

1) Transfer of the prefixed substrate stack 3 via the valve 14 to the lower substrate 

receptacle 13, in particular via the loading pins, 

2) Fixing the substrate stack 3 on the substrate receptacle 13, in particular via an 

electrostatic holding device, 

3) Introducing a bonding force via the force actuator 12 and the pressure die 11, 

4) Optional:  heating by an in particular symmetrical and double-sided heating 

system, 

5) Maintaining the bonding force and optionally the temperature (all microcavities 

between the substrate surfaces 1o, 2o, by which a more covalent bond over the 

entire substrate surface is formed, are closed by the uniform force that is 

introduced), 

6) Optional cooling, 

7) Removing the bonding force, 

8) Unloading the substrate stack 3 from the substrate receptacle 13, in particular with 

loading pins, 

9) Transfer of the bonded substrate stack 3 by the valve 14 and via the robotic arm 9 

(transfer chamber B) 

 In an embodiment that is preferred according to the invention, the valve 14 or 

sluice gate is a gate valve, in particular an ultra-high vacuum gate valve, for transfer of 

the substrates 1, 2 or the substrate stack 3. 

 The alignment accuracy of the bonded substrates after the prefixing as well as 

after the bonding is preferably less than 100 mm, preferably less than 10 mm, more 

preferably less than 5 mm, most preferably less than 2 mm, with utmost preference less 

than 1 mm, and even more preferably < 100 nm. 

 The target bonding strength for the final full-surface bond is preferably greater 

than 1 J/m
2
, preferably greater than 1.5 J/m

2
, and more preferably greater than 2 J/m

2
. 

 The area that is actually to be bonded does not always correspond to the entire 

surface of the substrates 1, 2. As shown in Figures 3b and 4, the bonding surfaces depend 

on the creation of the substrates 1, 2. In the embodiment according to Figure 3b, sealing 

frames form a bonding surface 17 around each structure or assembly (English: device) of 
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the substrate stack 3. This method is used for MEMS. Figure 3b shows the bonded zone 

16. 

 Figure 4 shows a cross-sectional view according to the line of intersection H-H of 

Figure 3a. The cross-sectional view of the bonded substrate stack 3 according to Figure 4 

shows in particular the bonded zones 16 (sealing frames), the actual bonding surfaces 17, 

structures 18 of the product substrates 1, 2 (English:  devices), and a non-bonded 

interstructural space 19. 

 Especially advantageous bonding processes for this invention are: 

- Hermetically-sealed high-vacuum bonds (permanently sealing a high vacuum 

in a cavity of the substrate) 

- Electrically-conductive bond connections 

- Optically transparent bond connections 

 In the case of three-dimensional (3D) integration of microelectronics, bonds over 

the entire surface are preferred, in particular between silicon dioxide (SiO2) surfaces, or 

else simultaneously with copper (Cu) and SiO2 in the case of so-called hybrid bonds. In 

this embodiment, the bonding surface corresponds to the entire substrate surface. 

 Figure 5a shows an overview of the lower product substrate 2 of a substrate stack 

3, whereby the local surface 15 of the pressurization, exerted on the substrate stack 3 

after the alignment, by pressure die can be seen. This surface corresponds to the 

prebonded (tacked) zone 15 on the substrate stack.  

 Figure 5b shows the actual bonding surface 17 that results after the bonding over 

the entire surface. 

Method for Prefixing Substrates 

 

List of Reference Symbols 

 

1, 2  Substrates 

1o, 2o  Substrate surfaces 

1�, 2�  Reference marks  

3  Substrate stack  

4  First substrate receptacle 
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5  Position-detecting means 

6  Pressure die 

7  Alignment unit 

8  Second substrate receptacle 

9  Robotic arm 

10  Transfer chamber 

11  Pressure die 

12  Force actuator 

13  Substrate receptacle 

14  (Loading) valve 

15  Prefixed (tacked) zone 

16  Bonded zone 

17  Bonding surface 

18  Structures 

19  Interstructural space 

20  Working space 

a  Transfer step without significantly changing the vacuum  

b  Transfer of or according to ambient pressure 

c  Force vector 

d  Bonded surface 

k  High-vacuum environment 

A  Sluice 

B  Transfer chamber 

C  Preadjustment system 

D  Pretreatment station 

E  Turning station 

F  Alignment module with prefixing system 

G  Bonding station 

M  Center of the substrate or the substrate stack  






