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Component and Method for Producing the Component 

Description 

. ~·· ,,-· .. ' 

The invention relates to a component and a method for producing the component, 

in particular it relates to an el.ectronic component with a micro-electronic chip and a 

10 cam.er. 

The method of isoth1::rmal coagulation is kno'Wll. for the production of 

components, particularly the m.ounting of integrated micro-electronic components on 

substrates, heat sinks, and the ike_ A method of this type is described. for example, in 

German Patent A~ I9S 31 158. 

15 With this method, the micro-electTonic components and the heat sink are first 

coated with metals, wherein at ~east one metal with low melting point and one metal with 

higher melting point are used. The metal coatings are brought into direct contact with 

each other, are heated with a s:;>eci:fi.ed temperature progression, and are pressed together 

during the reaction time, until lhc reaction between the metal with low melting point and 

20 the metal with higher melting point is _rompleted. In the process, the component with. low 

melting point is diffused into the component with higher melting pofot, theTeby resulting 

in an interconnect layer, which is stable at clearly higher temperatures than the melting 

temperature for the component: with lower melting point. However, the bond is not solid 
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until this isothermal coagulation reaction is completed. For temperatures that can be used 

with electronic materials, this process can last up to 60 minutes iI1 the range of at most 

approximately 300 °C and is preferably realized 1n a vacuum furnace. For this, a 

relatively high pressure must b1;: exerted onto the bonding location during the total time 

5 period for joining tb.e two indi1ridual parts, thus making it necessazy to have a joining 
,: 

. process. 
,'li' . ~ 

Despite the fact that th.s type of metallic bonding pem1its a very advantageous 

therm.al coupling per se of a m.cro-electronic component to a heat sink or heat expander 

that may exist, the isothermal c:>agulation method cannot be used in this case because the 

10 necessru:y joining time is sev::ral minutes. Thus, this method is not suitable for a 

commercial production proce~.s for micro~electronic components with typical transit 

times of a few seconds for fittir1g the chip onto the carr.ier. 

For lowering the total reaction time and thus also the joining time during which 

tb.e component must be compr11.sscd and the interconnect layer coagulates or the reaction 

15 is completed, it is suggested tb.at a material combination be selected. which has a higher 

growth rate for the inter-metal.ic phase that forms during tbe isotherm.al coagulation. A 

material combination of this type, however, is not suitable for all purposes. According to 

a further measure to reduce the reaction time, it is suggested that the thickness of the 

active metal layers be reduct:d. Cutting the layer thiclo1ess in half will reduce the 

20 reaction time for many system:; to one quarter. However, a lower limit value for the layer 

thickness reduction is predetermined by the roughness or curvature of the surfaces for the 

partial elements. 
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It is the object of the inv•;:ntion to specify a method for producing a component by 

means of thermal coagulation, ~1s well as to specify a component that requires a joining 

time ofless than one minute. 

This object is solved with the features in the independent claims. Modified 

5 embodiments, as well as advan::ageous embodiments follow from the additional claims 
I 

7' 

. iU1d the descriptive section. 
•":ff'' . 

~ 

The invention starts by dividing the length of the reaction time into two time 

segments. The first time segm:mt is characterized by the joining period and the second 

time segment by the remaining reaction time. TI1e actual process of securely joining 

10 partial elements to form. a smgle component is carried out during a joining period within 

the reaction period, in which the isotherm.al coagulation takes place. The joining period 

preferably is shorter than the re:1ction period. 

According to the inven:ion, a dynamic contact pressure in the form of vibration 

energy, particularly ultrasound energy with a predetermined output, is exerted upon the 

15 component or the two partial el.ements during the joining period. Another advantageous 

manner of introducing vibraticin energy consists in exerting a frictional vibration upon 

one or both partial elements, 'ivherein the contact surfaces that are placed against each 

other are moved against each other, thereby providing mechanical and/or thermal support 

for the reaction process of the contact surface materials. 

20 It is particularly prefer~1ble if the two partial elements are pressed together with a 

predetermined, static contact pressure, at least at the start of the vibrations or while these 

vibrations are effective. It is nseful if the contact pressure acts only during the joining 
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period upon the component. It is particularly favorable if the vibration ene~gy and the 

contact pressure are effective at the same time. The vibration energy preferably should 

act upon the partial component!> during a shorter period of time than the length of the 

joining period. It is particularly preferable if the vibration energy is effective at the start 

S ofthejoiningperiod. 

I ~·~ As a result, the partial dements can be joined mechanically during a ver:y short 
-~-' . .. 

joining period, such that they hc1ve sufficient stability for the further process sequence. as 

compared to the required actual reaction period while tbe isothermal coagulation process 

continues. It is particularly fa.vurable for a production process that the remaining reaction 

10 time can be completed at a Ioc.ation other than the joining location where the vibration 

energy was introduced. 

It is advantageous if the time period during which the vibration energy is effective 

is selected to be shorter if the rE !l.Ction temperature is selected to be higher. 

The time period during which the vibration energy is effective advantageously is 

15 between 50 ms and 600 ms. Preferably, the vibration energy should be effective for a 

period not to exceed 70% of the joining period. Tue ultrasound output (Pl) that is used 

should advantageously be bctw::en 0.3 W/mm2 and 3 W/mm2. 

A static contact pressun (Fl) of between 0.2 N/mm2 and 1.5 Nlmm2 is favorably 

used; prefetred is the use of the highest possible contact pressure. A preferred static 

20 contact pressure is at least l.:S N/mm2 while an advantageous reaction temperature is 

between 150 °C and 400 °C. A favorable reaction time is between 10 sand 3 minutes. 
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It is expedient if the uethod is realized in an inert gas environment, at a 

temperature that exceeds at least the room temperature. 

The first metallic coatit.g should advantageously contain at least one layer of 

indium, preferably a layer seq1i.ence of gold and indium and/or the second metallic 

5 coating should contain a! least one gold layer and/or one silver layer. It is particularly 
I 

.~~tageous if an indium lay·er at the joining location for both partial elements is 
·'\"' . 
br~ught in contact with a gold I.ayer_ Another preferred embodiment provides that two 

indium layers are deposited, sucll that they make contact. 

It is useful if the metallic coatings are grown on a diffusion banier layer. A 

10 favorable thickness for the diffi:mion barrier layer is less than 0.5 µm. 

A suitable thickness fot the first metallic coating is between 3 and 7 µm. The 

thickness values for the two metallic coatings are adjusted approximately proportional to 

the inter-metallic phases that form. The thickness of the gold layer should favorably be 

selected to be approximately half the thickness of the indium layer. 

15 It is particularly advantc:.geous that tb.e indium layer is grown on a thinner layer of 

gold, which protects an adhesio11 and barrier layer that may be present. 

The first partial eleme11t preferably is a micro~electronic chip, particularly a 

silicon chip, and the second partial element is a heat-conducting body, particularly a 

silicon body, a ceramic body or a metal body. An interconnect layer of an alloy of Auln 

20 and/or Auln2 and/or a mixture thereof is positioned between the partial elements_ 

It is advantageous if the: interconnect layer has a diffusion barrier layer to one or 

both partial elements, particl..larly a layer of titanium and/or titanium, nickel and 
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chromium. It is particularly advantageous if lhe interconnect layer is stable at 

temperatures. above 400 °C. 

The features, insofar as tlley are essential to the invention. are explained in further 

detail and with the aid of Figure; i11 the following. Shown are in: 

5 Figure 1 Two partial elem::nts with metallic coating, prior to joining them to form a 
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I 't• 
·'i' . 

Figure2 

Figure 3 

component accotriing to the invention. 

A component ac1;ording to the invention, following the joining with the 

method accord.in.~ to the invention. 

A temperature/time diagram based on the method according to the 

invention. 

Jn the following, the invention is explained with the aid of examples from the 

field of micro-electronics. However, the invention is not limited to this area of 

application, nor to the materia~s mentioned in the examples. Rather, the invention is 

suitable for all materials, whi:;h can be used for realizing an isothemi.al coagulation 

IS process. 

Isothermal coagulation can be used for creating extremely solid interconnections 

-
at relatively low temperatures:. wherein these interconnections are stable and can be 

stressed at much higher tcmp1::ratures. The principle upon which th.is interconnection 

process is based according to 1>rior art consists of manging an intermediate layer of a 

20 metal with low melting point as a foil. or as a thin layer between two components having 

a high melting point. This arrangem~nt is then heated u11der pressure until the reaction 

temperature is reached, wherei11 a liquid intermediate layer forms. In the process, either 
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the melting point for the intemJ•;:diate layer with low melting point can be exceeded or a 

renewed reaction takes place between the components with high melting point and those 

with low n1elting point. 

The melted intermediate layer leads to a relatively quick interdiffusion or reaction 

5 diffusion between the comporwnts with high melting point and those with low melting 
. 

. f{~int. The subsequent approach to lhe thermo-dynamic state of equilibrium results in an 
,.~, .. 

is~thermal coagulation. A solid interconnect layer thus forms. With a corresponding 

selection of materials for the <:omponents with high melting point and those with low 

melting point, the solid phanes that form during the reaction temperature in the 

10 interconnect layer have a m1~lting temperature that is clearly above the reaction 

temperature. 

Figure 1 shows a step a:t the beginning of the method according to the invention. 

A first partial element 1. preferred is a micro-electronic chip and especially preferred is a 

silicon chip, is coated on the contact side 1.1, designed for joining to the second partial 

15 element 2, with a metallic coal.mg having several, in particular three, partial layers 1.2, 

1.3 and 1.4. The second pmtial element 2, preferably a substrate with good heat 

conductance that is to serve as heat sink or heat expander for the chip 1, is also provided 

with a metallic coating compo:;ed of several partial layers 2.2 and 2.3 on the contact side 

2.1, intended for the interconnection with the first partial element 1. The second partial 

20 element 2 preferably is a silicon substrate or a heat-conducting ceramic or a metal 

substrate. 
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The partial element layers 1.2, 1.3, 1.4, 2.2, and 2.3 preferably consists of 

different metals. The outer layer of one partial element in this case advantageously has a 

lower melting point than the ou1er layer of the other partial element. 

The outer layer 1.2 of tb.e first partial element advantageously consists ofindium, 

5 preferably with a layer thickne=ss of 3 • 7 µm. This outer layer 1.2 is deposited on a 
. 

~c'cond, preferably thinner, lay1;:r 1.3 that consists advantageously of the same material . ,. 
·"i' . 

with which the isothermal coagulation reaction takes place during the joining process, in 

particular a gold layer. The layer of gold 1.3 usefully has a layer thickness of around 0.1 

µm. It is advantageous if the !:econd layer 1.3 is deposited on a third layer 1.4, which 

10 functions as adhering layer ani:Vor diffusion barrier between the isothennal coagulation 

components and the chip 1. The third layer 1.4 preferably is a combination layer, 

standard for this purpose, of titanium with admixtures of nickel and chromium or 

comparable materials. One ad\rantageous layer thickness for this diffusion banier is, for 

example, approximately 0.1 µ111. One particular advantage due to the second layer 1.3 

15 between the outer partial elenwnt layer 1.2 and the diffusion barrier layer 1.4 is that if au 

isothermal coagulation reacti.oIL starts, the reaction for the outer layer 1.2 starts from the 
-

contact point as well as from the layer 1.3 and/or the boundary surface to the partial 

element I. Thuss a contamination of the reacting layer sequence is prevented through the 

partial element 1. 

20 The second partial element i advantageously also contains an adhesion layer 

and/or a diffusion barrier laye:r 2.3, preferably with a corn.position and thickness that is 

comparable to the partial elemenl 1. The outer partial layer 22 of the second partial 
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element advantageously consist~. of gold. The thickness of the gold layer 2.2 preferably 

is selected such that given a complete reaction of the components in the outer layers 1.2 

and 2.2 of the two partial elem1:nts l and 2, a 'S!able inter-metallic compound can form, 

preferably of Auin and/or Auln~ or a mixture thereof. It is therefore advantageous for a 

5 combination of indium as the ot.ter .layer 1.2 for the first partial element 1 and gold as the . 
. ~~ter layer 2.2 of the second partial element 2, if the gold layer thickness is only half that 

·\-·' . 

of the indium layer. The indium layer thickness preferably is between 4 - 7 µm and the 

the gold layer thickness is arour.d 2 µm. 

If different reaction comrtituents are selected for the iso_thermal coagulation, it is 

10 therefore advantageous if the respective layer thickness of the metal components is 

correspondingly adapted to intei~-meta:llic phases that may fonn. The thickness ratios for 

the metal components with higl1er melting point and those with lower melting point are 

preferably selected such that th:: number of atoms contributing to the reaction are present 

approximately at the ratio of tho composition for inter-metallic phases that fonn. 

15 The materials selected for this embodiment have the advantage of being 

compatible. For one thing, the melting point of indium is very low at approximately 160 

°C, so that during the bonding the th.eon.al stress of the component is low on the heat sink. 

For another thing, gold is :freq11ently also used in such processes as protective layer for 

titanium layers. The layer arnmgement according to the invention is particularly simple 

20 and advantageous since no banier layers are required between gold and indium. 

One advantage of this metallic layer arrangement is that the indium component 

with low melting point must be deposited. only on one partial element & a result, no 
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coating step with the componen!: with low melting point is required. for the second partial 

element. However, this does ni:>t preclude an arrangement where both partial elements 

are separately provided with rc::pectively one layer of the component with low melting 

point, particularly an indium lay·:.r, which layers are provided as contact layers. 

5 The Auln and Auln2 phcises that primarily form during the isothermal coagulation 

' #e stable at considerably hil!;her temperatures th.an the melting point for indium . . ,. 
·'Ii'. 

Interconnect layers of this type 1;:an be used with temperatures up to 450 °C. 

The two partial element1:. 1 and 2 are deposited one on top of the other, so that the 

two outer layers 1.2 and 2.2. 11referably an indium layer and a gold )ayer, make direct 

10 contact. Subsequently, they are heated to a reaction temperature Tl, which preferably 

corresponds to at least the m ::lting point of the component with low melting point; 

especially advantageous is a ·:emperature between 200 °C and 300 °C. No contact 

pressure must be applied during the heating phase. The reaction temperature Tl 

preferably does not reach the melting temperature of the component with higher melting 

15 poinL As opposed to the prior .:irt. it is not necessary to car.ry out the method in a vacuum 

:furnace or to use a forming-gas environment. It is useful if the reaction is carried out at a 

higher temperature and with iriert gas, particularly nitrogen or argon. This prevents an 

undesirable oxidation of com:p•::>nents, particularly the indium, which may occur during 

the process and permits advarr:ageously a better perfusion of the gold layer through the 

20 indium. A suitable inert-gas flow is between 0.1 liter/min and I liter/min. The ine1t-gas 

environment is useful, but nol critical for the method according to the inveutiou. In 
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particular, the inert·gas environ::nent can be dispensed with completely if the method is 

automated .. 

The partial clements are ·preferably maintained during the total reaction time tl at 

the reaction temperature Tl. The reaction time tl for the indium-gold system at a 

5 reaction temperature of 300 °c is approximately 15 s, whereas the reaction time tl climbs 

I to just below 2 minutes if a lower reaction temperature of 200 °C is used. At the reaction . ,. _..,. 
teriiperature, the component wi1h the lower melting point has melted and starts to diffuse 

into and react with the compomint having the higher melting point. 

For the method accordfog to the invention, it is essential that at the start of the 

10 reaction time tl, at least onci~ the reaction temperature Tl is reached, both partial 

elements 1. and 2 are admitted with vibration energy and move against each other along 

the contact surfaces. Ultra.sound energy is one suitable type of vibration energy. 

Another expedient vibration er.ergy is generated by frictional vibration between the two 

partial elements l, 2, similar to the vi'brations during a frictional welding process, 

15 wherein both or only one partial. element are stimulated to vi~a.te. The use of this type of 

vibration energy is particularly :favorable for large-surface components. The advantage in 

-
this case is th.at owing to the 1ower frequency generated during frictional. welding, the 

stress on the component is low1!:.I, as compared to the ultrasound. 

Locally, the component is preferably located in a joining zone where vibration 

20 energy is available. 111e exis;:ence of vibrati.011 energy for admitting the component is 

critical in tlliS case while the cmtput Pl can be selected from a wide range between 0.3 

W/mm.2 and 3 W/mrri.2, prefembly between 0.5 W/mm..2 and 2.5 W/mm.2. The vibration 
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energy p I can act only during il joining period of t2 upon the component. The period 

during which the vibration energy is effective should be shorter than the joining period t2 

and~ in particular, it should no1 exceed 70% of the joining period t2. It is particularly 

advantageous if the vibration E:nergy acts upon the partial elements at the st.a.xt of the 

5 joi.Iring period. 

A contact pressure Fl i:: additionally exerted in the joining zone and during the '· • 1· 

·"i' . ' 
same time period t2 onto the :A>mponent With this contact pressure, the two partial 

elements 1, 2 are pressed aga:.nst each other. The component is preferably admitted 

simultaneously with the ultrasc·lllld energy Pl and the contact pressure Fl. The contact 

10 pressure preferably is between :>.2 N/mm.2 and 1.5 N/mm.2, especially preferable between 

0.25 N/mm2 and 1.25 Ntrnm:i. A contact pressure of, for example, 1 - 5 N is 

advantageous with typical chip sizes of 2x2 mm.2. It is advantageous if the contact 

pressure Fl is selected to be as high as possible. 

Whereas the reaction time tl is between approximately 15s for a reaction 

15 temperature of 300 °C and 2 minutes for a temperature of 200 °C, the joining time t2 is 

considerably shorter than the maction time tl. The effect of the vibration energy at the 

higher reaction temperature Tl is preferably shortened. In particular. the vibration period 

is between 50 ms and 600 ms, preferably between 100 ms and 500 ms. 

Despite the fact that the isothermal coagulation reaction is not complete at the end 

20 of joining period t2, the bond between the two partial elements 1, 2 is already solid 

enough, so that no further c:mtact pressure an.cl/or additional ultrasound energy are 

required to hold the two partial elements I, 2 together. Figure 2 shows a component 
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according to the invention, com"isting of two formerly separate partial elements l, 2 that 

are solidly bonded to an interco1mect layer 3, preferably of indium and gold and/or Auin 

and/or Auin2 or a mixture then::0f. The component preferably can be removed from the 

joining zone, meaning the zor;e where ultrasound and contact pressure are effective, 

5 while the reaction temperature Tl is unchanged and the reaction can be completed in 
. 

photb.er zone7 which probabl:1
1 takes l - 4 minutes for the indium/gold system. 

·~ . .-.-· .. 
Subsequently, the component i!; cooled to room temperature. At the completion of the 

joining period, the joining zone is available immediately for another joining process. The 

complete, isothermal coagulaiion reaction during the total reaction time tl can 

10 subsequently run its course dw·ing less critical time zones of the bonding process. The 

bond is strong enough, so tbat :~tandard shearing tests with, for example, 0.6 kg/mm2 can 

be withstood successfully. 

A typical produ.ction pil)cess involves the steps of placing one partial element of 

the component with a standard tool in a preferably heated joining zone onto the second 

15 partial element as mounting su1:face, in particular a heat sink. The element is held there 

for the time of one joining period by additionally introducing ultrasound or friction 

energy. Subsequently~ tbe component is held for the remainder of the reaction time in a 

reaction zone. The process .. critical, so-called pick-and-place time for placing the 

component onto the motmtin.g surface during the process is here preferably in the range 

20 of seconds. Thus, the cycle .i:.t which the joining zone is released to be provided with 

partial elements for a new com1,onent is in the range of seconds. 
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Figure 3 shows a tempeiature/time diagram based on the method according to the 

invention. The isothermal coagulation occurs at the reaction temperature Tl during the 

reaction period t1 and includes fb.e joining period a, preferably at the start of the reaction 

period. The joining period t2 p1ieferably covers only a fraction of the reaction period tl. 

5 With this, the method according to the invention can be integrated into a 

p6mmercial production process where cycle times of only a few seconds can be tolerated . •' 
·'tf"' . 

for bonding processes of this type. In particular. it is possible to automate the joining 

process. The total time requir:~ for mounting, putting together and joining the partial 

elements l, 2 in the joining zo:1e can take less than 5 secon4s. This time period can be 

10 optimized to require less than 1 second. 

A component produced. with the method according to the invention has a high 

heat conductivity, a low electri.cal resistance of the interconnect layer between the two 

partial elements, as well as a high melting tcmperarurc for the interconnect layer. A 

micro-electronic component :;>roduced in this way is preferred when using high 

15 capacities. 

Particularly advantageo1IS is the material combination of indium and gold as metal 

components with low melting 11oint and higher melting point since micro-electronic chips 

frequently are delivered by the manufacturer with a gold contacting layer on the backside. 

In the process, a micro-electro1:ic chip of this type can be interconnected easily by means 

20 of isothermal coagulation with a standard lCad frame. particularly one made of copper or 

an iron/nickel alloy, especiall) the so-called Alloy 42. A cheap alternative is to replace 

all or some of the gold with sil'.rer. 
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In a first preferred embodiment, an indium layer with the corresponding thickness 

is deposited at least on the chip landing surface of the lead frame or the chip carrier, and 

the chip is then solidly bonded. to the lead frame by using a method according to the 

invention. It is particularly advantageous if an indium-containing paste is applied to the 

5 chip-landing surface. However. the surface provided for accommodating the chip on the 
. 

J~~d frame or the chip carrier sl:1ould advantageously be provided in some sections with a .. ~ 
·"i' . .. 

silver coating. 

In another preferred embodiment, an indium layer is deposited with the respective 

thickness on the backside of tb.e chip, intended as contact surface to the carrier. In 

10 particular, the indium layer is d-:posited on a layer sequence ofthillller titanium and gold 

layers. In contrast, the region of the lead frame or the chip carrier, intended for holding 

the chip, is covered with a !aye:~ of gold, having a thickness that matches the indium layer 

thickness according to the itivention. It is expedient and .cost-saving if only the 

immediate chip landing surfacEi is coated with gold, which bas the advantage of avoiding 

IS for the most part a contamination of the lead frame. The fact that no excess indim:n 

remains following the reaction. is particularly advantageous. It is favorable if the edge 

-
regions of the lead frame or tb·~ chip carrier, which are not covered with the gold layer, 

are additionally provided with .:1 coating that rejects indium. 

It is advantageous if th1~ area of the gold layer is only as large as the chip surface. 

20 It is particularly favorable if tl:.e possibly remaining chip landing surface is covered with 

a material into which indium 1;annot diffuse, thus avoiding a contamination of the lead 

frame with melted indium durhg the bonding process. 
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.AI1other advantageous ai·td cost~effective embodiment provides for a silver layer 

on the lead frame or chip canfor in place of the gold layer. It is advantageous if the 

indium layer on the backside of 1:he chip is additionally provided with a gold. layer, which 

is thinner than the silver layer. 

5 One preferred embodim;m.t provides that the chip backside, designed for making 
. 

c.o~ta.ct with a lead frame, is cc·ated with a sequence of layers, for which initially a thin . ,. ,,-· .. ~ 
titanium. layer was deposited 011. the chip backside, followed by a thin layer of gold and 

finally a thick layer of indium. The preferred layer thickness is approximately I 00 nm 

for titanium, approximately 1 OC nm for gold and approximately 4 µm for indium. On the 

l 0 side t11at is to be bonded to the •:hip with the method according to the invention, the lead 

fram.e is coated with a thick go~d layer, which is approximately half the thickness of the 

indium layer. The lead frame }referably consists of Alloy 42. A preferred thickness of 

the gold layer is approximately 2 pm. 

The chip backside of ~:nother preferred arrangement, designed to make contact 

1 S with a lead frame, is provided with a layer sequence, for wbi~h initially a thin titanium 

layer and/or chromium layer was deposited on the backside, followed by a thick indium 

-
layer aud finally a thin gold la~•er. The preferred layer thickness involves approximately 

l 00 nm for titanium and/or chri:>mium, approximately 100 nm for gold and approximately 

4 µm for indium. On the side ·:hat is to be bonded to the chip with the method according 

20 to the invention, the lead frame is coated With a thick gold layer and/or a thick silver 

layer, with half the thiclmess C•fthe indium layer. The lead frame preferably consists of 

Alloy 42. A preferred gold lay1~ thickness is approximately 2 µm. 
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In another preferred ammgement, the chip backside that is designed to make 

contact with a lead frame 1s coated with a layer sequence, for which initially a thin 

titanium layer is deposited, folkwed by a thick indium layer and finally a thick gold layer 

on the chip backside. The :rreferred layer thickness is approximately 100 nm for 

5 titanium, approximately 2 µm. for gold and approximately· 4 µm for indium. The led 

. ff~e is coated on the side that is to be bonded to the chip with the method according to · ,.,.., . 
' 

the invention with a very thin l :Lyer of silver, having approximately half the thickness of 

the indium layer. The lead fr:ime preferably consists of Alloy 42. A preferred silver 

layer thickness is approximately 2 µm. 

10 With yet another cost-effective arrangement, the chip backside for making contact 

with the lead fr3me is provided with a layer sequence where initially a thin titanium layer 

and than a thick gold layer arc deposited on the cbip backside. On the side to which the 

chip is to be bonded with the methcd according to the invention, the lead frame is coated 

with a thick layer of an in.dit.m-containing paste, particularly a screen-printing paste, 

15 having approximately twice the thickness of the gold layer. The preferred layer thickness 

is approximately 100 nm for ti1:anium, approximately 2 µm for gold and approximately 4 

µm for the indium paste. The foad frame preferably is composed of Alloy 42. 
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Patent Claims 

1. A method for producing 11 component, for which a first partial element is placed 

with one ofits contact siries (1.1), the outer surface of which is fom1ed by a melt-

down metal, onto one of the contact sides (2.1) of a second partial element, the 

surface of which is form!:d by a melt-down metal and the component is then 

. ~-. heated according to a prc~detennined temperature course and contact pressure 
·'lt<"' • 

2. 

3. 

course, until an isotbem1 al coagulation reaction between surfaces is complete~ 

characterized in that 

the contact surfaces (1.1 1 2.1) of both partial elements (1, 2), whlch are fitted 

against each other, are a:lmitted at least during a fraction of a joining period {12), 

which is shorter than tht:1 reaction period (tl ), with a dynamic contact pressure by 

admitting them with vib1:-ation energy (Pl) in that at least.one of the partial 

elements (I, 2) is stimulated to longitudinal and/or transversal vibrations. 

A method according to daim 1, 11nl1tt t1m11111t1 11111 111111 
* C L M S * 

characterized in that 

the time during which the partial elements are admitted with vibration energy (Pl) 

is shorter than the joinir1g time (t2). 

A method according to i~laim 1 or 2, 1iiiU 
characterized in that 

the vibrations are generilted by ultrasouud energy. 
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4. A method according to claim 1 or 2, 

characterized in that 

the vibrations are generaf.ed through frictional vibrations with a :frequ.ency below 

the ultrasound range. 

?' . ?.· A method according to C•ne or several of the preceding claims, 
·"i' . .. 

characterized in that 

during the joining period. (t2), the partial clements (1» 2) are additionally pressed 

together with a static contact pressure (Fl). 

6. A method according to 1:1ne or several of the preceding claims, 

characterized in that 

the ultrasound energy (l1l) and the contact pressure (Fl) are effective at the same 

time. 

n111111 m11r 1111r1111111 1111 
* C L M s * 

7. A method according to :me or several of the preceding claims, 

characterized in that 

a vibration energy (Pl) output between 0.3 W/mrn2 and 3 W/mm.2 is used. 

8. A metl1od according to 1)ne or several of the preceding claims, ··1a1~1ur characterized in that 

a contact pressure (Fl) between 0.2 Nlmnt and LS N/mm.2 is used. 
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9. A method according to cine or several of the preceding claims l to 7, 

characterized in that 

a contact pressure (Fl) C•f at least 1.5 N/mmi is used. 

10. A method according to <me or several of the preceding claims~ 

characterized in that 

the vibration period (t2) is selected to be shorter if the reaction temperature (Tl) is 

selected to be higher. 

I :IOllU 1Hll llltl 11111111111 
* C L M S * 

11. A method according to 1:1ne or several of the preceding claims, 

characterized in that 

the time for the reaction period is between l 0 seconds and 3 minutes. 

12. A method according to •:.ne or several of the preceding claims, 

characterized in that 

the partial elements (1, 2) are admitted with vibration energy (Pl) over a period of 

between 50 ms and 600 ms. 

13. A method according to ·:me or several of the preceding claims, 

This Sheet Has Been Replaced 

'l1llJI: 1-1111 lll f t11 1 · lffll I · II Ill Hr 

characterized in th.al 

the partial clements (1, :;~)are admitted with vibration energy (Pl) for a period not 

to exceed 70% of the joining period. 
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14. A method according to one or several of the preceding claims, 

characterized in that 

the partial elements (1, 2) a::·e admitted with vibration energy (Pl) at"the start of 

the joining period. I i1Dlll1 "llll lllf 11\1111\ lllt 
* C L M S * 

;l 
151,... A method according to one or several of the preceding claims, 

,,,,.-· .. 

characterized in that 

the outer surfaces of the pa1tial elements (1, 2) are formed by metals that melt at 

different temperatures. 

16. A method according to onu or several of the preceding clmms, 

characterized in that 

the outer surfaces of the putial elements (1, 2) are formed by metals that melt at 

. the same temperatures. 

17. A method according to on·~ or several of the preceding claims, 

. This Sl~t Has Been Replaced 

1111mHam 
characterized in that 

the reaction temperature (l'l) is below the melting temperature of the component 

with the higher melting pc int. 

18. A method according to one or several of the preceding claims, 

characterized iu that 

21 
Attorney Docket: 31440-159551 



-=··-· 

WO 99/23697 PCT/EP98/06295 

the first metallic coating (1.2, 1.3, 1.4) contains at least one layer sequence of 

gold and indium. 
f!llllDHJJllJ 1111111111 111111 

·i * C L M S * 

23. A method according to one or several of the preceding claims, 

characterized in that 

the second metallic coati-a.g (2.1, 2.2) contains at least one layer of gold. 

24. A method according to one or several of the preceding claims, 

characterized in that 

an indium layer (1.2) is ·:uought into contact with a gold layer (2.2) at the contact 

location between the twi:1 partial elements (1, 2). 

25. A method according to one or several of the preceding claims, 
···11inr1nr 

characterized in that 

an indium layer (1.2) is brought into contact with another indium layer at the 

contact location for the !wo partial elements (1, 2). 

26. A method according to :me or several of the preceding claims, 

characterized in that 

the thickness of the indi'lnn layer (1.2) ls between 3 and 7 µm. 
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27. A method according to 011e or several of the preceding claims, 

characterized jn that 

an indium layer (1.2) is grown on a thinner gold layer (1.3). 

28. A method according to cine or several of the preceding claims, 

characterized in that 

the thickness of the gold. layer (2.2) is only balfthe thickness of the indium layer 

(1.2). 
1=1111111 m1111111111111111111 

* C L M S * 

29. A method according to 1)ne or several of the preceding claims, 

characterized in that 

the first partial element 0) is formed by a micro-electronic chip. 

30. A method according to :me or several of the preceding claims, 

characterized in that 

the •=nd partial dem•.U (2) is fanned by a silicon body. iii' Iii ~1ir 
31. A method according to one or several of the preceding claims, 

characterized in that 

the second panial elem:mt (2) is fo~ed by a high heat-conducting cerdll'.l.ic body. 
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32. A method according to 011e o.r several of the preceding cla~ 

characterized in that 

the second partial element (2) is formed by a metal body. 

33. A component consisting of a first partial element and a second partial element, in 

particular a micro-electr.:>nic chip and a lead frame7 

characterized in that 

the component has an is.:>thermal, coagulated interconnect layer (3) with a melting 

temperature above 400 °C, by way of which the first partial.element (1) and the 

second partial element (;~) are fumly bonded to each other. 

34. A component according to claim. 33, f!lbll llllf I lllll lllll ll llll 
* C l M s * 

characterized in that 

the interconnect layei: (;•) essentially is composed of an alloy of the composition 

Auln and/or Aufn.2 or a mixture thereof. 

35. A component accordin11: to claim 33 or 34, 11iiii 
ch3racterized in that 

the component compris;:s a d.iffi.tsion barrier layer (1.4, 2.3) belween one ar both 

of the partial elements ( 1, 2) and the interconnect layer (3). 
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36. 

37. 

?l 
..... ,,,. ' . 

~ 

------··- - -·-·-·-· 

A component according 1:0 claim 33, 34 or 35 I lllllll llllll lllll lllll II llll 
* C L M S * 

characterized in that 

the diffusion barrier layer contains titanium, nickel and chromium. 

A component according to one or several of the preceding claims 33 to 36, 

characterized in that 

the diffusion barrier layu comprises titanium and/or nickel and/or chromium or a 

combination of titanitml.. nickel and/or chromium. 
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