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SENTIFIS RESEARC, Forming an implantable component assembly by bonding a 
s (US) stainless steel part to a titanium part by heating a component 

assembly comprised of the titanium part, the stainless steel 
(21) Appl. No.: 13/450,327 part, and a compact filler layer of titanium-nickel particulate 

1-1. material placed between the two parts and heated at a tem 
(22) Filed: Apr. 18, 2012 perature that is less than the melting point of either the stain 

Related U.S. Application Data less steel part or the titanium part. The component assembly 
.S. App is held in intimate contact at temperature in a non-reactive 

(62) Division of application No. 13/312.274, filed on Dec. atmosphere for a sufficient time to develop a hermetic and 
6, 2011, now Pat. No. 8,177,116, which is a division of 
application No. 1 1/336,596, filed on Jan. 20, 2006, 
now Pat. No. 8,091,765, which is a division of appli 
cation No. 10/821,023, filed on Apr. 7, 2004, now 
abandoned. 

strong bond between the stainless steel part and the titanium 
part. The bonded component assembly is optionally treated 
with acid to remove any residual free nickel and nickel salts, 
to assure a biocompatible component assembly, when 
implanted in a human body. 
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BONDING TITANIUM TO STANLESS STEEL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 13/312,274, filed Dec. 6, 2011, now allowed, 
which is a divisional of U.S. patent application Ser. No. 
1 1/336,596, filed Jan. 20, 2006, now U.S. Pat. No. 8,091,765 
issued Jan. 10, 2012, which is a divisional of U.S. patent 
application Ser. No. 10/821,023, filed Apr. 7, 2004, now aban 
doned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0002 FIG. 1 illustrates a side view of the component 
assembly with filler material as a foil between the stainless 
steel part and the titanium part. 
0003 FIG. 2 schematically depicts the bonding steps of 
the present invention. 
0004 FIG. 3 presents an isometric view of a titanium 
nickel laminated filler material having three foil layers. 
0005 FIG. 4 presents an isometric view of a titanium 
nickel laminated filler material having five foil layers. 
0006 FIG. 5 illustrates the compact filler material com 
prised of discrete particles of titanium and nickel. 
0007 FIG. 6 presents a cross-sectional view of a discrete 
particle of nickel and titanium layers. 
0008 FIG. 7 presents an exploded isometric view of a 
ceramic tube, titanium part, and stainless part. FIG. 8 illus 
trates a bonded device with a crimp-attached wire. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0009 FIG. 1 presents component assembly 2 having a 
titanium part 4, a stainless steel part 6, and a filler material 8. 
Component assembly 2 is formed by brazing wherein it is 
heated to a specific process temperature that is below the 
melting point of titanium part 4 or of the melting point of 
stainless steel part 6, for a specific period of time, at a pressure 
that is created by force 10, that is exerted to place filler 
material 8 in intimate contact with the titanium part 4 and 
stainless steel part 6. 
0010 Filler material 8 is preferably a laminate metal foil 
having a thickness of approximately ten-thousandths (0.010) 
of an inch and more preferably less than 0.010 inches. Filler 
material 8 is selected from the group of materials that are 
compatible with the stainless steel chosen for stainless steel 
part 6 in that they wet the Surface during the bonding process 
and enter into a diffusion process with the stainless Steel part 
6, thereby creating a strong bond joint during processing. 
Filler material 8 is further selected from the group of materi 
als that are compatible with the titanium part 4. Filler material 
8 forms a bond between titanium part 4 and stainless steel part 
6 at the bonding temperature and pressure utilized during 
processing. The group of filler materials that are compatible 
with both the stainless steel part 6 and the titanium part 4 
includes Substantially pure titanium and nickel laminate com 
positions, preferably comprised of filler materials of about 
22% to 98% nickel and the balance titanium. In a preferred 
embodiment, FIG.3, filler material 8 is preferably comprised 
of alternating foil layers 12 and 14. Preferably, for example, 
as shown in FIG. 3, a laminate stack of commercially pure 
nickel layer 12 on the top outer surface 42 and a similar nickel 
layer 12 on the bottom outer surface 44. Sandwiched between 
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the nickel layers 12 is a titanium layer 14. The nickel layer 12 
having at least 99.0% nickel and less than 1.0% of other 
elements with a thickness of greater than approximately 
0.0003 inches and the titanium layer 14 comprised of com 
mercially pure titanium foil having at least 99.0% titanium 
and less than 1.0% of other elements with a thickness of 
greater than approximately 0.0003 inches. 
0011. The inventors prefer the term “laminated versus 
other descriptive, but equally applicable, terms such as "lay 
ered”, “clad', or “composite' material. The laminated filler 
material is not an “alloy of nickel and titanium. An alloy, 
which is defined as a homogeneous mixture of two or more 
metals, where the atoms of one replace or occupy interstitial 
positions between the atoms of the other, of nickel and tita 
nium, for example, does not demonstrate the depressed melt 
ing point that is available at a eutectic composition when 
nickel and titanium are in intimate contact. The laminate 
material Supplies Substantially pure nickel to initiate bonding 
with other metals, such as titanium or stainless steel, for 
example, at relatively low eutectic temperatures. For 
example, the lowest solidus temperature (also referred to 
herein as the melting point) in the nickel-titanium phase dia 
gram occurs at 28% by weight nickel and is 942°C. There 
fore, the optimum braze temperature will be greater than this 
temperature. 
0012. In a further preferred embodiment, FIG.4, the metal 
foil layers 15, 15', and 15", which are comprised of nickel, are 
placed in laminated filler material 8 as the top outer surface 42 
and as the bottom outer surface 44, thereby making the nickel 
available to react directly with the stainless steel part 6 and the 
titanium part 4. Alternating layers of inner mating foil layer 
17 and 17", which are comprised of titanium, are placed 
between the metal foil layers 15, 15', and 15". 
0013 Those skilled in the art know that the total compo 
sition of a laminate Stack of alternating nickel and titanium 
foil is controlled by the thickness of the foil layers, where the 
Volume fraction of nickel and titanium is converted to weight 
percent by accounting for the density of the nickel and tita 
nium. For example, to achieve a total laminate stack compo 
sition of a filler material 8 having a composition of 50 weight 
percent Ni and 50 weight percent Ti, where the density of 
nickel is 8.90 g/cc and of titanium is 4.51 g/cc, the thickness 
of the filler material 8 will be 33.6% Ni foil and 66.4% Tifoil. 
0014 Titanium part 4 may be comprised of a titanium 
alloy and is comprised of Ti-6AI-4V, i.e. an alloy of titanium 
with 6 weight percent aluminum and 4 weight percent vana 
dium, in a preferred embodiment. Stainless steel part 6 may 
be comprised of one of the corrosion resistant stainless steels, 
such as, 304 stainless steel, or a 200, 300, or 400 series 
stainless steel, and in a preferred embodiment stainless steel 
part 6 is comprised of 316L stainless steel. This configuration 
of components offers the advantage of being biocompatible 
and of being capable of forming hermetic Seals. 
0015. In an alternate embodiment, rather than using filler 
material 8 as a foil, filler material 8 may be a thin coating that 
is applied to the bonding surface of either the titanium part 4 
or stainless steel part 6 by any of a variety of chemical pro 
cesses, such as electroless plating and electroplating, or by 
any of a variety of thermal processes, such as sputtering, 
evaporating, or ion beam enhanced deposition. 
0016. In another embodiment, filler material 8 is applied 
as a thin coating of metallic beads, metallic powder, or dis 
crete particles. The coating may be applied in any of several 
methods known to those skilled in the art, Such as painting, 
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spraying, or dipping. The applied coating consists of discrete 
particles of nickel and of titanium that aid in bonding the 
stainless steel part 6 and the titanium part 4 during the braZe 
process. 
0017. In a further alternate embodiment, a compact filler 
material 8, FIG. 5, is comprised of a bonded compact of 
primary alloy particulate 16 and secondary alloy particulate 
16', where primary alloy particulate 16 is preferably com 
prised of a nickel alloy and primary alloy particulate 16' is 
preferably comprised of a titanium alloy. The compact filler 
material 8 is formed by any of several techniques that are 
known to one skilled in the art, including cold pressing, warm 
pressing, slurry preparation, etc. The intimate mixture of 
primary alloy particulate 16 and secondary alloy particulate 
16' bond together as well as react with the stainless steel part 
6 and the titanium part 4 during the braze operation to yield a 
bonded component assembly 2. 
0018 Yet another alternate embodiment of forming a 
bonded component assembly 2 utilizes the compact filler 
material 8', as presented in FIG. 5, that is comprised of lay 
ered discrete particle 19, preferably spheres, comprised of 
layered or laminated composition, as shown in FIG. 6. In a 
preferred embodiment, layered discrete particle 19 is com 
prised of alternating layers of primary particle laminate layer 
18 and secondary particle laminate layer 40, where primary 
particle laminate layer 18 is preferably comprised of nickel 
and secondary particle laminate layer 40 is comprised of 
titanium. The overall bonding methods and processes are 
analogous to those employed for the several embodiments. 
0019. The process steps that are employed to create com 
ponent assembly 2 with a strong bond between titanium part 
4 and stainless steel part 6 are schematically represented in 
FIG. 2. First, the surfaces to be bonded are prepared in step 20 
by machining to assure that they will intimately conform to 
each other during bonding. The Surfaces are Smoothed and 
cleaned. 
0020. In step 22, component assembly 2 is prepared with 

filler material 8 between titanium part 4 and stainless steel 
part 6. In step 24, force 10 is applied to compress filler 
material 8 between titanium part 4 and stainless steel part 6. 
Force 10 is sufficient to create intimate contact between the 
parts. Force 10 is applied to assure that a bond is formed 
between titanium part 4 and stainless Steel part 6, thus creat 
ing a hermetic seal between the two parts. It is preferred that 
the resulting pressure be greater than about five psi. 
0021. In step 26, the assembly to be heat processed is 
placed in a furnace in a non-reactive atmosphere, which is 
preferably vacuum, but which, in an alternative embodiment, 
can be any of several atmospheres that are known to those 
skilled in the art, such as argon, nitrogen or hydrogen. A 
non-reactive atmosphere is applied before the furnace is 
heated to the processing temperature in step 28. A preliminary 
holding temperature may be utilized to allow the thermal 
mass of the parts to achieve equilibrium before proceeding 
with heating. In a preferred embodiment, the vacuum is less 
than 10 torr, to assure that the filler material 8 and titanium 
part 4 do not oxidize. Component assembly 2 is held at the 
selected temperature, which is between approximately 940° 
and 1260°C., for approximately 5 to 60 minutes, while force 
10 continues to be exerted on filler material 8. The exact time, 
temperature and pressure are variable with each other so as to 
achieve a strong bond between titanium part 4 and stainless 
steel part 6. For example, in a preferred embodiment, a 316L 
stainless steel part is bonded to a Ti-6AI-4V part in vacuum at 
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10 torr at approximately 1000° C. for 10 minutes with a 
pressure of about 50 psion a nickel-titanium foil of approxi 
mately 0.002 inches total thickness. 
0022. The furnace is cooled and component assembly 2 is 
cooled to room temperature in step 30. In optional step 32, 
component assembly 2 is cleaned by being placed in a bath, 
after thermal processing is complete, to assure removal of all 
nickel and nickel salts. This bath is preferably an acid bath 
that etches the exposed surfaces of component assembly 2. In 
a preferred embodiment, the bath is nitric acid. Removal of 
nickel and nickel salts in the etch bath insures that component 
assembly 2 is biocompatible. Nickel and nickel salts are det 
rimental to living animal tissue. It is preferred that all of the 
nickel that is introduced as filler material 8 is combined with 
the titanium and is chemically tied up by thermal processing 
to be unavailable as free nickel or as a nickel salt. Component 
assembly 2 is biocompatible after bonding and processing. 
0023. In a preferred embodiment, component assembly 2 

is either an electrical sensor or an electrical stimulator that is 
implanted in a human body, although it could equally well be 
implanted in any animal. It must Survive long periods in the 
hostile environment of a living body, which is basically a 
warm saline Solution. In a preferred embodiment, component 
assembly 2 is either a sensor or stimulator comprised of a 
hollow ceramic tube 36, containing various electronic com 
ponents, that is bonded to a titanium electrode end. The com 
ponent assembly must be watertight, resisting salt-water 
intrusion as well as growth of living tissue into the titanium 
to-stainless steel braze joint. FIG. 7 presents an exploded 
isometric view of a ceramic tube 36 that is bonded to a 
titanium part 4 and a stainless steel part 6. The stainless Steel 
part 6 is designed to accept an electrically conductive wire, 
for transmission of electrical signals. 
0024. Further, component assembly 2 does not corrode 
while implanted in the body. The materials are chosen such 
that post-bonding they are not Susceptible to corrosion either 
individually or in the as-bonded state. Component assembly 2 
resists electrolytic corrosion as well as crevice corrosion, 
because of the materials selected for construction of compo 
nent assembly 2. 
(0025. A bonded device 52 is presented in FIG.8 wherein 
a ceramic tube is bonded to titanium part 4 which is bonded to 
stainless steel part 6 with a filler material at braze joint 46. 
Stainless steel part 6 contains a receiver 54 into which a wire 
50 is inserted and attached, preferably by crimping, such that 
crimp indentation 48 retains wire 50. The bonded device 52 
provides good electrical conductivity via stainless steel part 6 
connecting to wire 50. Stainless steel part 6 is brazed to 
titanium part 4 that is bonded by known methods to ceramic 
tube 36. 
0026. Many modifications and variations of the present 
invention are possible in light of the above teachings. It is 
therefore to be understood that, within the scope of the 
appended claims, the invention may be practiced otherwise 
than as specifically described. 
What is claimed is: 
1. A component assembly configured for implantation in 

living tissue, comprising 
a stainless steel part; 
a titanium part; and 
a compact filler, not an alloy, is a dense bonded compact 

layer of a primary alloy metallic particulate and a sec 
ondary alloy metallic particulate, where said primary 
alloy particulate is comprised of a nickel alloy and said 
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secondary alloy particulate is comprised of a titanium 
alloy, said compact filler configured to form said com 
ponent assembly by bonding said stainless steel part to 
said titanium part. 

2. The component assembly of claim 1, wherein said pri 
mary alloy particulate and said secondary alloy particulate are 
randomly dispersed in said compact filler. 

3. The component assembly of claim 1, wherein said stain 
less steel part is selected from the group consisting of 200, 
300, and 400 series stainless steel. 

4. The component assembly of claim 1, wherein said stain 
less steel part is comprised of 316L stainless steel. 

5. The component assembly of claim 1, wherein said tita 
nium part is selected from the group consisting of titanium 
and titanium alloys. 

6. The component assembly of claim 1, wherein said tita 
nium part is comprised of Ti-6AI-4V. 

7. The component assembly of claim 1, wherein said com 
pact filler reacts with said titanium part and said stainless Steel 
part to bond between said titanium part and said stainless Steel 
part together. 

8. The component assembly of claim 1, wherein: 
said compact filler has a thickness less than 0.010 inches; 
and 

said component assembly is heated to a temperature less 
than the melting point of said titanium part or of said 
stainless steel part, but greater than the melting point of 
said compact filler, thereby forming a bond. 

9. A method of making a stainless steel and titanium com 
ponent assembly for implantation in living tissue, comprising 
the steps of: 

Selecting a stainless Steel part having a melting point; 
Selecting a titanium part having a melting point; 
Selecting a primary alloy particulate discrete particles com 

prised of a nickel alloy; 
Selecting a secondary alloy particulate discrete particles 

comprised of a titanium alloy; 
forming a compact filler by combining said selected pri 
mary alloy particulate and said secondary alloy particu 
late in a randomly oriented mixture comprised of a 22% 
to 98% nickel portion and a remaining titanium portion; 

mechanically compacting said compact filler to form a 
compact filler layer less than 0.010 inches thick; 

positioning said 0.010 inches thick compact filler layer 
between said stainless Steel part and said titanium part 
forming a component assembly: 

placing said component assembly in a non-reactive atmo 
sphere; 

applying a force to said stainless steel part and said tita 
nium part to place said compact filler layer in compres 
sion, thereby creating intimate contact between said 
stainless steel part, said compact filler layer, and said 
titanium part; 
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heating said component assembly to a bonding tempera 
ture between said melting point of said compact filler 
layer and said melting point of said titanium part; 

holding said component assembly at said bonding tem 
perature for a predetermined time to form a bond 
between said stainless Steel part and said titanium part 
forming a bonded component assembly: 

cooling said bonded component assembly; and 
implanting said component assembly in a human body. 
10. The method of claim 9 wherein said step of applying a 

force creates compression between about 5 and 50 psi. 
11. The method of claim 9 wherein said step of applying a 

force creates compression between about 5 and 7 psi. 
12. The method of claim 9 wherein said step of selecting a 

stainless steel part is selecting from the group consisting of 
200, 300, and 400 series stainless steel. 

13. The method of claim 9 wherein said step of selecting a 
titanium part is selecting from the group consisting of Sub 
stantially pure titanium and its alloys. 

14. The method of claim 9 wherein said step of selecting a 
titanium part is selecting said part comprised of Ti-6AI-4V. 

15. The method of claim 9 further comprising the step of 
placing the assembly in a non-reactive atmosphere is placing 
in a vacuum less than 10 torr. 

16. The method of claim 9 further comprising the step of 
placing the assembly in a non-reactive atmosphere is placing 
in argon gas. 

17. The method of claim 9 wherein said bonding tempera 
ture is between approximately 940° and 1260° C. 

18. The method of claim 9 wherein said predetermined 
time is between approximately 5 and 60 minutes. 

19. The method of claim 9 additionally comprising the step 
of cleaning said component assembly after bonding to 
remove elemental nickel and nickel salts by placing it in an 
acid bath. 

20. A method of making a stainless steel part and a titanium 
part component assembly for implantation in living tissue in 
which a filler is placed between the two parts to be bonded, 
applying a compressive force of 5 to 50 psi to said stainless 
steel part and to said titanium part so as to place said filler 
material in compression to form intimate contact between 
said stainless steel part and said titanium part and in which 
said component assembly, comprising said stainless steel 
part, said titanium part and said filler, is placed at a bonding 
temperature, for a predetermined time, wherein the improve 
ment comprises: 

selecting said filler to be a compact filler comprised of a 
primary alloy particulate discrete particles comprised of 
a nickel alloy and a secondary alloy particulate discrete 
particles comprised of a titanium alloy; 

bonding said component assembly between 940 and 
1260° C.; and 

implanting said component assembly in a human body. 
c c c c c 


