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ABSTRACT 

Contraceptive intrauterine devices made of thin ?lm shape 
memory alloy materials. The devices are formed in three 
dimensional shapes Which contact uterus tissue of a human 
or other mammal to prevent conception. In certain embodi 
ments, structural features such as tails, fenestrations, ridges 
or grooves are formed on the devices to enhance the con 

traceptive e?‘ect. 



Patent Application Publication Sep. 28, 2006 Sheet 1 0f 2 US 2006/0213522 A1 



Patent Application Publication Sep. 28, 2006 Sheet 2 0f 2 US 2006/0213522 A1 



US 2006/0213522 A1 

THIN FILM INTRAUTERINE DEVICE 

CROSS-REFERENCE TO PRIOR APPLICATION 

[0001] This application claims the bene?t under 35 USC 
§119(e) of US. provisional application serial No. 60/402, 
418 ?led Aug. 8, 2002 and is a divisional of US. application 
Ser. No. 10/638,282 ?led Aug. 7, 2003. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates to contraceptive intrauterine 
devices (IUDs) and methods of preventing conception. 

[0004] 2.0 Description of the Related Art 

1.0 Field of Invention 

[0005] Reproductive medicine is lagging in contraception 
technologies at a time When the World population is about to 
include the largest proportion of people of reproductive age 
ever. This invention introduces Nitinol thin ?lm, a recent 
major advancement in material science and micro-electro 
mechanic technology, to help resolve longstanding limita 
tions in existing contraceptive intrauterine devices. 

[0006] Intrauterine contraceptive devices (IUDs) are 
objects inserted into the uterus to prevent conception. Intro 
ducing an object into the uterus for birth control is an ancient 
discovery that has evolved to become the modern IUD. The 
use of such devices is based on the fact that the presence of 
a foreign object in the uterus discourages conception. IUDs 
have been invented of numerous and varied solid shapes and 
con?gurations. The most Well knoWn shapes are the ring, the 
“S”, the coil or spiral, the “T” and the “T” With its trans 
versal arms bent doWn. These devices are con?gured to 
occupy a signi?cant portion of the uterine fundus in order to 
prevent expulsion through the cervical os, a lumen of a feW 
millimeters in diameter. 

[0007] Existing IUDs are most commonly inserted using 
an insertion tube and a complementary plunger. Prior to 
insertion, the extended arms of the “T” are manually inserted 
into the upper end of the insertion tube The tube is of 
sufficient diameter and malleability to constrain the 
extended arms of the device in a folded position during 
insertion. The loaded tube is pushed through the cervical os 
into the uterine cavity. When the desired position is 
achieved, the tube is WithdraWn to release the IUD While the 
inner plunger is manually held stationary. WithdraWal of the 
insertion tube alloWs the arms of the “T” to unfold inside the 
uterus. 

[0008] The required manual placement of the IUD in the 
insertion tube is disadvantageous because it is cumbersome, 
time consuming, and increases the possibilities of compro 
mising the sterile ?eld. Moreover, Where the IUD must be 
positioned by human manipulation, there exists a haZard of 
erroneous placement that could reduce contraceptive effec 
tiveness and may be a source of injury to the patient. 
Approximately 1 in 500 insertions of existing rigid IUDs 
cause perforation. 

[0009] IUDs of some con?gurations must be positioned in 
the insertion tube by draWing back on the “tail,” i.e., the 
string attached to the IUD for removal from the uterus. Such 
a method, hoWever, is undesirable for an IUD having a “T” 
con?guration since the arms Would be draWn upWards. In 
some devices the folding of the IUD or placement in the 
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insertion tube occurs after the initial placement of the 
insertion tube in the uterus, resulting in less control on 
placement position. 
[0010] Attempts have been made to reduce the siZe of 
convention solid IUDs to alloW use by younger Women, but 
reducing siZe and surface area result in a less effective 
contraceptive and an increased rate of expulsion. The chal 
lenges in adapting these devices for use by nulliparous 
Women include reducing siZe to reduce trauma and adverse 
reactions, While maintaining a large enough inert or medi 
cated surface area to maximiZe effectiveness and a siZe 
suf?cient to resist expulsion. These problems have limited 
the use of existing IUDs, especially in younger Women. 

[0011] The use of Nitinol is already Well established in 
other areas of medicine and thin ?lm devices are being 
developed to replace or expand these applications. For 
example, thin ?lm devices are successfully used in neuro 
and neurovascular surgery, Where miniaturization, ?exibil 
ity, and compliance are imperative to reach small vessels and 
to remove clots and block aneurisms. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0012] It is a general object of the invention to provide a 
neW and improved reversible contraceptive device and 
method for intrauterine use in humans and other mammals 

[0013] Another object to provide a device and method of 
use of the type described Which is relatively smaller, safer, 
less intrusive, easier to insert and remove, more comfortable, 
and less expensive to manufacture than currently available 
IUDs. 

[0014] In its general concept, the invention provides con 
traceptive IUD devices, and methods of use, made from 
thin-?lm, shape memory alloy materials exhibiting super 
plasticity and shape memory at the internal body tempera 
tures of humans and other mammals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective vieW of a device in accor 
dance With one embodiment of the invention. 

[0016] FIG. 2 is a perspective vieW of a device in accor 
dance With another embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The contraceptive devices of the invention are 
comprised of thin ?lms of a shape memory alloy (SMA), 
such as TiNi (also knoWn as Nitinol). TiNi thin ?lm is ~5 
microns thick and has shape memory at human body tem 
perature. At loWer temperatures, the material is in its mar 
tensitic state, is highly ductile, and can Withstand large 
deformations. At higher temperatures, such as that of the 
human body, the material undergoes a phase transformation 
to a more rigid austenitic state in Which it is not easily 
deformed. 

[0018] The contraceptive thin ?lm IUD is a micro-fabri 
cated three-dimensional object. FIG. 1 shoWs generally at 
10 a thin ?lm IUD device of frusto-conical shape in accor 
dance With one preferred embodiment of the invention. FIG. 
2 shoWs generally at 20 a thin ?lm IUD device in a generally 
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U-shape in accordance With another preferred embodiment. 
The invention contemplates that many other three-dimen 
sional geometric shapes can be used for the device as long 
as the portions of the device surfaces make contact With the 
uterus Wall sufficient to cause irritation of the Wall. The 
irritation is believed to be the physiological reaction Which 
prevents the mammal’s egg from attaching to the Wall, 
Which Would otherWise result in pregnancy. The uterus Wall 
reacts and essentially “thinks” that conception has taken 
place When it has not. 

[0019] Micro-electro-mechanical (MEM) techniques 
developed recently at TiNi Alloy Co permit the fabrication 
of seamless thin ?lm three-dimensional structures that Were 
impossible to fabricate in the past. Since this TiNi alloy ?lm 
has a “body temperature phase transformation”, then once 
inserted and released into the uterine cavity (temperatures 
~37° C.), the thin ?lm contraceptive expands Within the 
uterus so that the ?lm makes contact With the uterine Walls 
With sufficient force to maintain its predetermined shape. 
The inherent elasticity of the thin ?lm Will also enable it to 
comply and move With the Walls during contraction and 
relaxation of the uterine muscles. 

[0020] By virtue of the characteristics of TiNi shape 
memory alloy, the IUD can be folded or rolled at loW 
temperatures and introduced into the uterus Within a very 
narroW tube, ie a catheter of less than 1 mm diameter. Once 
inside the uterus, the contraceptive foil is released from the 
catheter. The inherent properties of the shape memory alloy 
alloW the IUD to automatically unfold and adopt a desired 
shape. The thin ?lm contraceptive IUD can be manufac 
tured, steriliZed and pre-packed inside a catheter, minimiZ 
ing contamination risks. The thin ?lm IUDs can be micro 
fabricated With appendages or tails. These Would not be 
placed extracervically but Would remain inside the uterus or 
cervix. Material for adding radio-opaque features to the 
contraceptive can also be used. A comparison betWeen a 
regular IUD insertion tube and that used for a thin ?lm 
contraceptive device is illustrated in FIG. 1. 

Fabrication of the Device 

[0021] In the invention three-dimensional shapes of thin 
?lms are fabricated using the general teachings of Busch et. 
al. US. Pat. No. 5,061,914, the disclosure of Which is 
incorporated by this reference. Multiple layers of TiNi thin 
?lm and sacri?cial material are sputter deposited sequen 
tially on a polished and oxidiZed silicon Wafer. The sacri? 
cial material can be chromium, aluminum, copper, or TiCu 
Sil, a material obtained through Wesgo Metals. Chromium is 
preferentially used as a sacri?cial layer. 

[0022] A thin chromium layer is sputter deposited on the 
oxidiZed silicon Wafer using RF sputtering at argon pressure 
of about 2 milliTorr. The thickness of the deposited thin ?lm 
can be 500 A or more. A thin layer of TiNi is sputter 
deposited on top of the chromium layer using DC sputtering 
at an argon pressure of about 2 milliTorr. The thickness of 
the deposited TiNi layer can be from 1 to 40 microns. A thin 
chromium layer is then sputter deposited on top of the device 
layer. Typical thickness of this layer is about 1000 A. This 
layer acts as a protective layer for the underlying TiNi layer 
during subsequent lithography steps and provides a sacri? 
cial layer that in the ?nal steps of fabrication is dissolved 
aWay chemically in order to selectively create a pocket 
betWeen the tWo device layers. 
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[0023] Three-dimensional thin ?lm shapes as shoWn in 
FIG. 1 require tWo photo masks (mask1 and mask2) With 
appropriate pattern designs. The design of mask1 determines 
the ?nal three-dimensional shape of the device; e.g., solid 
triangles for cones, rectangles for cylinders, semicircles for 
hemispheres, etc. Mask2 contains designs for fenestration or 
any other surface patterns that may be needed for the ?nal 
device. Mask1 is used to pattern the top sacri?cial layer 
deposited on the Wafer described above. 

[0024] Micro-photolithography techniques are then fol 
loWed. A thin layer of positive photo resist liquid is spin 
coated on the above Wafer at about 4000 rpm and baked at 
90° C. in a clean room convection oven. Using an ultraviolet 
light mask aligner, the Wafer and mask1 are aligned and the 
photo resist layer is UV exposed though the mask plate 
Which transfers the patterns from mask1 on to the photo 
resist layer. The Wafer With exposed photo resist is immersed 
in developer solution to selectively remove the exposed 
sections of the photo resist thus creating WindoWs in the 
photo resist layer on the Wafer. When immersed in a 
chemical etchant, these WindoWs in the photo resist alloW for 
the selective etching of the chromium layer. After patterning, 
the photo resist layer is chemically dissolved aWay by 
immersing in a solvent. 

[0025] The Wafer is loaded back into the sputtering cham 
ber that is taken to high vacuum. In the chamber, the top 
exposed surface is sputter-etched to remove any contami 
nation. Sputter-etch is a process similar to sputtering except 
that in the case of sputter-etch the argon ions are accelerated 
to the substrate surface rather than the target surface. Highly 
energetic argon ions When operated in “sputter-etch” mode 
also remove the undesired thin native oxide layer on the 
surface, Which may have formed during the lithography 
process. FolloWing sputter-etch, another layer of TiNi ?lm 
folloWed by another layer of chromium are sputter deposited 
on the substrate. The resulting TiNi ?lm is heat-treated at 
500° C. in vacuum for crystallization so that the material 
exhibits the properties of shape memory and superelasticity. 

[0026] Photo resist is spin coated again to pattern the 
layers With designs in mask2 using the photolithography 
steps described above. In this step, after etching the top 
chromium layer, the underlying TiNi layers are also chemi 
cally etched With the same mask design in order to de?ne the 
device’s outer features. This is folloWed by the complete 
removal of the photo resist layer. To separate the devices 
from the surface of the substrate, the Whole Wafer With 
patterned layers is immersed in a chemical etchant to 
completely dissolve the sacri?cial layer. The etchant for this 
purpose should etch the sacri?cial material selective to the 
device layer. This etching not only separates the devices 
from the substrate surface but also selectively creates an 
empty pocket betWeen the tWo TiNi layers by etching aWay 
the chromium layer from betWeen. 

[0027] A pattern of fenestrations 14 (FIG. 1) or 22 (FIG. 
2) can be formed in the TiNi layer. To create fenestration 
patterns, the photo resist layer is patterned using mask2, 
Which contains the necessary fenestration patterns. The 
basic process sequence to fabricate thin ?lm devices With 
fenestration patterns is the same as the one described above 
except for the added designs on mask2. As described above, 
after patterning the photo resist layer With fenestration 
patterns, the chromium and TiNi layers are patterned by 
chemical etching. 
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[0028] The released multi-layered thin ?lm devices from 
the above steps are in planar form Which may be of various 
siZe and shapes: triangular, rectangular, semicircular etc. 
These multi-layered thin ?lm devices may then be trans 
formed into their corresponding three-dimensional shapes 
12 (FIG. 1) by inserting a stainless steel mandrel into the 
pocket betWeen the TiNi layers and re-annealing them at 
500° C. in vacuum. Re-annealing of the thin ?lm device With 
an inserted mandrel causes shape-setting according to the 
shape of the mandrel. Conical and hemispherical thin ?lm 
devices With appended tentacle-type tails 16 or ridges 18 
(FIG. 1), or grooves 24 (FIG. 2) may also be fabricated 
using the same processes. 

[0029] In planar deposition of TiNi to produce three 
dimensional structures, multiple layers, are deposited by 
planar sputtering, With intermediate sacri?cial layers pat 
terned selectively, producing structures that can be opened to 
produce cones, cylinders, and other shapes. Multiple alter 
nating layers of TiNi ?lm and Cr sacri?cial layers are 
applied by sputtering alternatively from a TiNi target, pat 
terning, depositing a sacri?cial layer from a Cr target, 
patterning a second time, and depositing a second TiNi layer. 
The number of TiNi layers is not limited to tWo: more 
complex structures may be formed by iteration of this 
sequence. 

[0030] During fabrication of three-dimensional nitinol 
thin ?lm structures, a metal such as copper is added as an 
integral part of the device. This is accomplished either by 
electroplating or by sputter deposition depending on the 
design of the ?nished ?lm contraceptive product. The tails 
16 (or strings, ribbons etc.) can be formed in the device as 
integral features rather than attached or Welded onto it. The 
tails can function as features for retrieval of the device, 
similar to the regular IUD tail, or as the medicated or 
contraceptive agent (copper) carrier. 

1. A method of preventing conception in a human or other 
mammal comprising the steps of providing an intrauterine 
device comprised of a thin ?lm of shape memory alloy 
material, and placing the device in the uterus of the human 
or other mammal. 

2. A method as in claim 1 in Which the material has a 
crystalline phase change transformation temperature at 
Which the device changes from an elastic phase shape When 
the material is beloW the temperature to a memory shape 
When the material is above the temperature, inserting the 
device into the uterus When the device is in the elastic phase, 
and enabling the device to change to the memory shape 
responsive to heat from the uterus. 

3. An intrauterine device for use in the uterus of a human 
or other mammal, the device comprising a thin ?lm formed 
of a shape memory alloy material that is characterized in 
having a crystalline phase change transformation tempera 
ture by Which the ?lm changes from an elastic phase shape 
When the material is beloW the temperature to a memory 
shape When the material is above the temperature, the elastic 
phase shape being sufficient to enable insertion of the device 
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into the uterus, and the memory shape being sufficient to 
enable contact of at least a portion of the thin ?lm With a Wall 
of the uterus to prevent conception. 

4. An intrauterine device as in claim 3 in Which the 
memory shape is sufficient to conform to a portion of the 
uterus Wall. 

5. An intrauterine device as in claim 3 in Which the 
memory shape is sufficient to resist ejection through a 
cervical channel leading from the uterus. 

6. An intrauterine device as in claim 3 and further 
comprising a catheter enclosing the thin ?lm When the ?lm 
is in its elastic phase shape for enabling insertion of the 
device into the uterus. 

7. An intrauterine device as in claim 3 and further 
comprising a structure formed on the thin ?lm, the structure 
being selected from the group consisting of an appendage, a 
fenestration, a ridge, a groove and an indentation. 

8. An intrauterine device as in claim 7 in Which the 
structure is formed of a material selected from the group 
consisting of the same material forming the device, a metal, 
a polymer and an organic compound. 

9. An intrauterine device as in claim 7 in Which a plurality 
of structures are arrayed on the thin ?lm in a pattern Which 
is sufficient to control cell migration. 

10. An intrauterine device as in claim 7 in Which a 
plurality of structures are arrayed on the thin ?lm in a pattern 
Which is sufficient to control cell groWth. 

11. An intrauterine device as in claim 7 in Which a 
plurality of structures are arrayed on the thin ?lm in a pattern 
Which is sufficient to bind With speci?c proteins. 

12. An intrauterine device as in claim 7 in Which a 
plurality of structures are arrayed on the thin ?lm in a pattern 
Which is sufficient to chemically modify the environment of 
the uterus. 

13. (canceled) 
14. (canceled) 
15. An intrauterine device as in claim 3 in Which at least 

one surface portion of the thin ?lm has an attachment 
selected from the group consisting of copper, a hormone and 
a compound that enhances conception. 

16. An intrauterine device as in claim 3 in Which the 
material comprises a ternary alloy having an element 
selected from the group consisting of palladium, hafnium, 
platinum, aluminum, copper and nitrogen. 

17. An intrauterine device as in claim 3 in Which thin ?lm 
comprises a portion Which deliver a chemical selected from 
the group consisting of a chemical, a drug and a medication. 

18. An intrauterine device as in claim 17 in Which the 
chemical is delivered to a body part selected from the group 
consisting of the uterus, the cervix, the vagina and the 
fallopian tubes. 

19. An intrauterine device as in claim 3 in Which the 
device comprises a portion having changable properties 
selected from the group consisting of degradable, erodible 
and re-absorbable. 


