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Abstract—Advanced microtechnologies offer new opportunities titanium, glass and specific ceramics. The packaging is rigid
for the development of active implants that go beyond the design of and dimensions exceed sizes of several centimeters. Flexible
pacemakers and cochlea implants. Examples of future implants in- g4, ctyres like electrode wires and lead outs are insulated and

clude neural and muscular stimulators, implantable drug delivery . .
systems, intracorporal monitoring devices and body fluid control covered with silicone rubber (PDMS), polyurethane and other

systems. The active microimplants demand a high degree of de- Polymer materials which have been extensively tested for their
vice miniaturization without compromising on design flexibility = biocompatible material properties. The development of flex-
and biocompatibility requirements. ible polymer carriers for holding and interconnecting chips and
In need for integrating various microcomponents for a complex iniatyrized components offer the possibility to develop micro-
retina stimulator device, we have developed a novel technique . . . . -
for microassembly and high-density interconnects employing el_ectron_lc and mlcr_ooptlcal systt_ams WhICh are in direct contact
flexible, ultra-thin polymer based substrates. Pads for intercon- With delicate soft tissues and biological structures. Instead of
nections, conductive lines, and microelectrodes were embeddedstandard housed IC components bare or “naked” silicon chips
into the polyimide substrate as thin films. Photolithography and  and dice are used for hybrid integration to minimize component
sputtering has been employed to pattern the microstructures. dimensions. The combination of mold array process (MAP) and

The novel “MicroFlex interconnection (MFI)” technology was . . .
developed to achieve chip size package (CSP) dimensions WithoutbaII grid arrays (BGA) yield package sizes from 1.6 to 1.3 mm

the requirement of using bumped flip chips (FC). The MFI is [1]. Chip scale packages (CSP) combine flip-chip (FC) tech-
based on a rivet like approach that yields an electric and mechanic nology with surface mounting technology (SMT) and BGA [2].

contact between the pads on the flexible polyimide substrate and Wafer level CSPs (CSP-WL) lead to smallest package footprints
the bare chips or electronic components. Center to center bond since no additional interposers, lead frames and polymer layers

pad distances smaller 10Q:m were accomplished. . . TR
The ultra thin substrates and the MFI technology was proved to are needed [3]. The process involves a six step redistribution

be biocompatible. Electrical and mechanical tests confirmed that and bumping procedure to prepare the CSP chip for SMT. The
interconnects and assembly of bare chips are reliable and durable. CSP chips can be mounted on rigid FR4 boards [2] as well as

I_3ased on our experience_with the ret_ina stimulator implant, we de- gn rigid-flex [3] or flexible substrates and carriers [4], [5].
fined design rules regarding the flexible substrate, the bond pads, This paper introduces a “MicroFlex Interconnection (MFI)”

and the embedded conductive tracks. It is concluded that the MFI technol The MEI technol | hotolith hi
opens new venues for a novel generation of active implants with €€NNology. 1he echnology employs photolithographic

advanced sensing, actuation, and signal processing properties. ~ Processes to prepare an ultra-thin (&) film on which un-

Index Terms—Biomedical microdevices, electromechanical con- prepared single S_i!icon dice with conventional Al pads can be
tact, flexible substrates, high density interconnects, high density mounted. No additional solderable layers and bumps are needed

packaging, microassembly, microimplants, neuroprosthetics, poly- to prepare the chip. The chip is mounted on the flexible substrate
imide, retina implant. in a rivet-like approach employing gold ball studs with ther-
mosonic bonding. The footprint of the interconnect is smallest,
corresponding to the size of the chip. MFI allows high-density
interconnects with center to center pad distances less than 100
CTIVE biomedical implants employ electronic and tech;,m_ The applied materials and material compositions have been
nical systems to restore physiological functions that weggtensively tested for biocompatibility since the method was in-
destroyed or impaired either by disease or accidents. Smallgghted for biomedical applications. Passive light-weight polymer
footprint, high functionality, highest reliability and biocompatiyevices with integrated microelectrodes have been described
bility are one of the mostimportant requirements for active megreviously for interfacing regenerating peripheral nerves [6]. The
ical implants. The smaller the device the less invasive is the pigr| technology is described in this paper. The MFI technology
cedure of implantation. On the other hand, devices need t0\R&sinvented for hybrid integration ofaretinalimplant. The retina
packaged to have a biocompatible tissue interface and to Wifiplant has been developed for stimulating the ganglion cells of
stand biodegradation in the body. Packaging consumes m@g retina. In the eye, space for implantation is very limited. The
space in biomedical implants. Established biocompatible M@ technology has served as a high density interconnection and
terials for housing electronics for example in pacemakers gf§ckaging technology to integrate microelectrode arrays and sil-
icon chips for telemetry and nerve stimulation on a single, highly
Manuscript received September 15, 2000; revised March 12, 2001. flexible substrate with smallest footprint. The layout of the MFI
The authors are with the Fraunhofer Institute for Biomedical Engineering, $faxible substrates were designed in a way that surface mount
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TABLE |
PHYSICAL PROPERTIES OFPOLYIMIDE PYRALIN Pl 2611

tensile elongation density at Young’s glass melting | coefficient | dielectric | dissipation | dielectric volume
strength 25°C modulus | transition | point of thermal | constant factor @ strength resistivity
expansion | @ 1 kHz, 1 kHz,
(CTE) 50%RH | 50%RH
units kg/mm? % gem® kg/mm? °C °C (°Cyx 10°¢ (1) (tand) Viem Q-cm
PYRALIN 35 25 1.07 854 > 400 none 3 2.9 0.002 2.10° >10'¢

PI2611

directly ontothe flexible carrier. In the following, we describe the

requirements for implant biocompatibility in regard to material = PLZETT spim on Waler (10
and mechanical performance, the manufacturing of the ultra-tt
flexible polyimide carriers with embedded metallization layers X M-

or
o

and the MFI process including reliability testing. Design rule
are presented which were derived from the requirements 1
active retina implants.

. —
and R I ¥ia
[l. BIOCOMPATIBILITY OF MATERIALS
Biomedical implants have to fulfill different requirements for - = -
a long-term implantation. They have to be stable in the physi T ot secnd metal

logic environment, i.e., no degeneration should occur. All par d mretallzation
of an implant have to be non toxic for the cells or have to b
encapsulated with a non toxic material that serves as a diffusi
barrier for these substances. The devices have to be desig - =" pattem of the RIE mask
with a “smooth” geometry to prevent induced trauma of tisst
and nerves by sharp edges and corners. Additionally, the me
rial itself should not be brittle or heavy weighted. The implan o og— —
substrate should be flexible to conform to the natural soft tissi
structure. A retinal implant is a good example. The shape
the implant structure has to adopt to the concave shape of
inner eye. Among other polymers, polyimide (Pl) was identi
fied as a potential candidate which serves as substrate and carrier . - ) ) i
for microelectrodes, silicon ChipS and embedded cable strar\'ai%; 1. Process_ for micromachining ultra-t_hm, flexible polylmlde substrates
patterned microelectrodes, tracks, and interconnection pads.

Certain polyimides have proven to be biocompatible when in-
teracting with blood [7]. Polyimide has also been used as
insulator on flexible 125:m thin Kapton carriers with vacuum
evaporated thin film multielectrode arrays [8]. The polyimid
was patterned photolithographicly and etched with photores
developer. The whole microelectrode structure had been appl
to record cardiac signals inside the wall of the heart. Various
polyimide types are available on the market. We performed cy-We have developed a process technology for manufacturing
totoxicity tests according to ISO 10 993 to confirm the biocomdltra-thin highly flexible substrates on which metal micro-
patible performance of the polyimides. Most of the examineslectrodes, conducting tracks, and interconnection pads are
polyimides turned out favorable to be used as biocompatible inkeposited. The final Pl design provides for interconnecting
plant material. Inflammatory reactions of Polyimide in cochlesilicon chips and SMDs directly on the thin PI film when using
implants were modest, when present [9]. We have chosen the MFI technology. The thin PI ribbon films and the MFI
polyimide PYRALIN P12611(HD Microsystems). Pl 2611 wasare manufactured with standard thin film and micromachine
particularly selected because of its relatively low water uptakechnologies. To reduce interfaces and expensive packaging
and its thermal expansion coefficient near to the one of siliceachniques the electrodes and substrates were designed using
nitride (SkN,). The P1 2611 exhibits excellent insulation charthe same material in a single process. The multi-layer process
acteristics and dielectric strength at a low density as well as hifgir integrating metal tracks, micro vias and MicroFlex inter-
material flexibility. A summary of the physical properties of Ptonnections is illustrated in Fig. 1. At first, a layer of polyimide
2611 is shown in Table I. is spun onto a silicon wafer. The metallization (Ti/Au, Pt, Ir) for

Pl 2611 is processed with standard cleanroom equipmémterconnection pads, connecting lines, and electrode sites was
for microelectronics. It is patterned using reactive ion etchirdeposited in a subsequent step using thin film sputtering. Struc-

?IQIE). The processing technology of Pl 2611 is shown in the
éollowing section.

ist
’@d FLEXIBLE MICROMACHINED SUBSTRATES AND EMBEDDED
METAL STRUCTURES
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Fig. 2. Schematic illustration of the ‘“rivet-like” electronic and mechanic
interconnection between the thin (18n) polyimide flexible ribbon substrate
and the chip underneath. The interconnection technique has been termed

MicroFlex interconnection (MFI). ball studs
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— Al — — ribbon fex-cahle Fig.4. Three-dimensional graphic presentation of the MFI process connecting
e patterned metal structures embedded in polyimide films with aligned chips at the
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Fig. 3. Graphical illustration of the modified ball-wedge bonding process for
MicroFlex interconnects. (a) Alignment of the Pl ribbon substrate with the chip
underneath. (b) Bonding and fixation of the chip to the Pl substrate.

tures were patterned applying a lift-off technique [Fig. 1(b)]. iy —
After metallization, a second PI layer for insulation was spun

onto the wafer [Fig. 1(c)]. RIE was used for patterning vias (1€lg. 5. Metallurgic micrograph showing a vertical cut through the inter-
pm) into the second Pl layer [Fig. 1(c)]. The top and the bottofgnnected microstructures.

metal layer (Ti/Au, Pt, Ir) were interconnected through the vias

by deposition of a second metallization layer [Fig. 1(d)]. In the f PR L A

final step, a polyimide layer of sm was spun on for insulation. :::" :I':':I'I':'J;'f:'lrl’;';' pecy

RIE was used to open the electrode sites and connection pads
and to separate the devices by etching the outer shapes down
to the support wafer [Fig. 1(f)]. Subsequently, the Pl substrates
with the embedded metallization layers were stripped from
the wafer. The single devices were lifted manually from the
wafer with tweezers. The PI ribbon substrates exhibited a total
thickness not exceeding 15m. The substrates were highly
flexible and bendable.

ball studs
{*rivels’)

IV. MICROFLEX INTERCONNECTION(MFI) TECHNOLOGY

When devising active neural implants it is mandatory to intesg. 6. SEM micrograph of the patterned polyimide/metal film with “rivet-
grate passive and active electronic components close to the ¥ig- ball studs placed in arrays.
croelectrodes. We developed a new assembly method to inter-
connect ICs and surface mount devices (SMDs) with our highlgivet-like” interconnection is performed utilizing a common
integrated flexible ribbon substrates achieving smallest padkermosonic ball bumping process. A gold ball is bonded onto a
aging dimensions. We termed this technique MicroFlex intemetal pad by applying force, temperature, and ultrasonic energy
connection (MFI). One of the key characteristics of the MFI i§-ig. 2). The gold ball acts as a stud or metal “rivet” that elec-
the introduction of connection pads that have a central via. Thieeally and mechanically interconnects the metallized PI car-
via is used to place a stud on top of the metal pad, which camer with the chip or with other microcomponents or substrates
nects through the via of the ribbon cable to the bottom chip. Thederneath. After aligning the PI ribbon pads and vias with
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Fig. 7. Metal test structure embedded in polyimide to measure the resistance of the MicroFlex interconnects. Via holes have a diameter of 50

the metal pads of the bottom structure [Fig. 3(a)] a ball-wedge L=l
process is initiated. The capillary is lifted [Fig. 3(b)] and the

wire is separated from the bond. Since the via holes of the PI

structure are slightly smaller than the gold stud, but large enough l
to achieve a gold ball bond through the via hole onto the sub- I

strate pad, a robust mechanical and electrical interconnection is
achieved. A graphical three-dimensional representation of the
MFI process is given in Fig. 4. Fig. 5 shows a metallurgic photo
through the ball stud which connects the metal pads of the poly-
imide flex-cable with the bottom chip. A tight connection of the
ball stud with the polyimide foil and the bottom substrate is vis-
ible. In Fig. 6, an array of the rivet-like interconnects is shown. \
L

V. TESTING OFINTERCONNECTIONPROPERTIES

A test structure was designed for investigating possible resis-
tance changes of ball studs under various conditions (Table II).
Four large gold pads (3, & 3, 5 mn?, 300 nm layer) and two R
small gold pads with 5@:m vias were embedded in a 10n i
polyimide film. Each of the small pads was connected to two R sut
large pads Fig. 7). The pads were patterned to perform 4-wire re- I
sistance measurement. The rivet connected the polyimide struc- . _ _
ure through he hols n the smalpads o he auminum sl 2o5%, 51 ) TG, i TS S
strate below. Aluminum is a common material for contact pagierconnectsR., = resistance contact padg,,. = resistance ball studs,
on bare chips. A 1.5 mm thick aluminum substrate was usedfe.. = resistance of Al substrate.
keep the resistance of the substrate as low as possible for not
interfering with the resistance measured for the bull studs. Therresponding model of the measurement is shown in Fig. 8(b).
resistance was measured over two contact bonds [Fig. 8(a)]. Magious tests were performed according to MIL standard 883.

R

had
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Fig.9. Resistance measurements of MicroFlex interconnects when exposeu w

temperature cycles from40° C to 150° C over a period of 111 h corresponding _. . L . .
to 35 temperature cycles. Fig. 12. Effect of 95% relative humidity on the resistance of MicroFlex

interconnects during five days.

High temperature 300°C
gh femp TABLE I
" PROCEDURES FORTESTING THE RELIABILITY OF THE MFI TECHNIQUES THE
0.08 \ LA PROCEDURESWERE ADOPTED FROM MIL STANDARD 883
0,07 4—0—probe 1 } ;
: I
_, 0,086 # ~—S#—probe 2 - J7[ Temperature cycle -40°C to 150 °C in air, 5 min dwells for 110 h
% 0,05 H probe 3 EE /AR Temperature shock —180°C and 100°C liquid temperatures, 100 cycles
£ 0,04 < probe 4 Biased humidity and temperature | 70°C / 95% relative humidity for 110 h
® 0.03 || X probe 5 High temperature operational life | 300°C, 240 h
@ 0'02 7 T Vibration 50- 2000 Hz, gp.4=20 m/s>, 48 h
0,01 1
0" ‘ :
0 22 44 66 88 110 132 154 176 198 220 242 264 286 VI. MFI TECHNOLOGY APPLICATION IN IMPLANTABLE
timelh] NEURAL STIMULATORS

Fig. 10. Effect of high temperature (30€) during 12 days on the resistance 1 € MFI technology was developed to design an implantable
of MicroFlex interconnects. retina stimulator. The retina stimulator comprised a flexible sub-
strate with integrated microelectrodes, two bare silicon chips,
one diode, one capacitor, and a receiver coil. The application
specific receiving chip decodes the inductively transmitted en-
ergy and data signals. The other silicon chip controls the ad-
dressing of one of the 24 microelectrodes of the stimulator array.
e , e — All components were assembled on an individually designed
T — - — ol #  polyimide substrate. The bare chips were mounted and inter-
a0 connected on the flexible Pl substrate using the MFI technology.
12045 o ) B erche 3 The SMD capacitor and SMD diode were soldered onto 300 nm
o thick Au pads, which were sputtered on the flexible substrate.
B 2 1 L s " Solder paste (Sn62 Pb36Ag, GLT, Pforzheim Germany) was dis-
numbsr of eycles pensed on the Au pads. After SMD components were positioned
onto the paste.
Fig. 11. Resistance measurements of MicroFlex interconnects as a function ofrhe P| carrier including the SMD was placed on a hot plate
thermal shock cycles. .
and heated to 230C until the melted solder homogeneously
formed around the SMD and on the Au pads. A sketch of the
The contact resistance was measured before and after expoassembly is shown in Fig. 13. Fig. 14 shows the front end of
to the testing procedure. Measurements were taken on sevéralretina stimulator device with microelectrodes placed on a
samples and average values were calculated. The results on @ouble ring polyimide structure and the stimulator chip mounted
perature cycling, high temperatures, temperature shock and ane interconnected using the MFI technology. In Fig. 15, the en-
midity exposure are seen in Figs. 9-12, respectively. The resudtgy and signal receiving part of the retina stimulator is shown.
are summarized in Table Ill. No major change of resistance wabl bare chips have been assembled and interconnected with
observed during temperature cycling, temperature shock, ahd MFI technology. A complete version of an MFI assembled
exposure to high humidity. A significant increase of resistancetina stimulator is seen in the photo of Fig. 16. The flexibility
was observed when the testing structure was exposed to hifhhe polyimide substrate with the hybrid assembled compo-
temperatures of about 30C. The resistance changed from lesaents is clearly visible. In a final step, the electronic compo-
than 5 nf2 to more than 70 /1. nents and the polyimide substrate are encapsulated with medical

Thermal shock
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TABLE Il
RESULTS ONRESISTANCECHANGES OF THE“M ICROFLEXED’ | NTERCONNECTSBEFORE ANDAFTER EXPOSURE TOTEST CONDITIONS
test conditions resistance standard deviation | resistance [mQ)] | standard deviation
[mQ] before [mQ] before after [mQ] after

Temperature cycle 2,29 (n=45) 0,22 2,54 (n=45) 0,26

Temperature shock 2,04 (n=18) 0,11 2,20 (n=18) 0,39

Biased humidity and temp. | 2,23 (n=45) 0,19 2,08 (n=45) 0,29

High temp. operational life | 2,88 (n=45) 0,58 56,15 (n=45) 15,74

Vibration 2,54 (n=18) 0,157 1,79 (n=18) 0,14

CR AT

4

Fig. 13. Sketch for the MFI assembly of silicon chips and SMDs on either side

of the flexible polyimide substrate.

. stimulator chip

recarqar chip

dinoa canactar

Fig. 15. Energy and signal receiving part of the retina stimulator containing
MFI assembled microparts.

placed into a medical grade silicone tube (25 mm length, 3.5
mm inner diameter, 4 mm outer diameter), filled with two part
medical grade silicone (NuSil Med-6015), and sealed with a sil-
icone adhesive (NuSil Med-1000). A modified MFI technology
was used to connect the stimulator site of the multiplexer with
an active stimulator structure, e.g., a cuff electrode for periph-
eral nerve stimulation.

VII. DESIGN REQUIREMENTS FORHIGH DENSITY FLEX
SUBSTRATES AND INTERCONNECTS

From our experience with the retina stimulator we have de-
rived design rules and interconnection density requirements. A
summary of the requirements is given in Table IV.

VIII. D ISCUSSION ONSUBSTRATES ANDINTERCONNECTS FOR
BIOMEDICAL IMPLANTS

In need for a new assembling and interconnection technology
for a retina implant, we have developed the MicroFlex Inter-
connection (MFI) technology which enables us to assemble
and interconnect bare dice and SMT components on ultra-thin,
highly flexible polyimide substrates. Interconnection densities
smaller than 10Qum have been achieved. The MFI technique
requires minimal interconnection space, corresponding to small
space requirements in flip chip technology and chip scale pack-
aging. The MFI technology requires only one bonding process
to mount and connect bare chips and other microcomponents

Fig. 14. Micrograph showing the front end of the retina stimulator device, TH® @ flexible substrate. Chips and substrates do not need any

chip was assembled and interconnected using the MFI technology.

bumping procedure before assembling and interconnecting.
The MFI utilizes simple ball studs from wire bonding as

grade silicone (e.g., from NusSil Technology, Carpinteria, CAJivets to interconnect the discrete components directly onto the
Currently, we are working on advanced devices for implantalilein polymer substrate. No fiber push connection bonders are
neural stimulators. Fig. 17 pictures an MFI assembled and imeeded that go through substrates [4] since our substrates are
terconnected generic multiplexer system. The multiplexer wdgnner than 2Qum.



372

IEEE TRANSACTIONS ON ADVANCED PACKAGING, VOL. 24, NO. 3, AUGUST 2001

TABLE IV
DESIGN RULES AND INTERCONNECTIONDENSITY REQUIREMENTS FORMICROIMPLANTS
bond pad Description Value
substrate
thickness D 4..5um
track
thickness <0,6um
width b 210um
gap a >10um
bond pad
inner diameter dii | single layer: 30um < d;; < 80pm
diz | multilayer:  50um < di> < 80um typ.
L - di=60um
bond pad bond pad "
via interconnection 2. metallization 1. metallization outer diameter ds | round: & d,> (di+30um)
j \ square: [ d, 2 (di+30um) x (di+30um)
v ' ot typ. dy= (di+50um)
B ~5% | gap bond pad/bond pad c >10um
i WD*};F' gap from tracks k >10pum
! S via
g ir_m_ _J‘__> (_k_* 7_)1 a e diameter (multilayer) g 210um
el
‘ diameter (single layer) h >20um

Fig. 16. Photo of the complete assembled retina simulator. The photo demonstrates the mechanical flexibility of the assembled device.

The MIL adopted tests of the MFI technology have demonudres might be explained by the “Kirkendall” effect. The reduced
strated that MFI is a rather robust and reliable interconnectioonductivity is most likely due to the diffusion of gold into the
technology. The increase of resistance during 30Q@empera- aluminum. The Kirkendall effect can be neglected at tempera-
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We learned from our experience with patterning the polyimide
2611, that alterations, for example in gas compositions for re-
active ion etching, may lead to a toxic behavior of the patterned
material.

Preliminary experiments have shown that polyimide sieve
structures with microelectrodces are functional after six month
of implantation in animals [17]. The MFI assembled and
o 17, Generic multiol olded bolvimide substrate for biomed irlwterconnected retina stimulator is currently tested in animal
T oenrt Ml onunflded polimde substate o bomedRlxperiments under operating conditions. It is hoped that the
end and to multistrand cables on the opposite site. favorablein-vitro and ex-situresults of the retina stimulator
device are confirmed in the animal studies. We also apply the

tures below 40 C. Implants in contact with living tissue aIwaysMFI technology sgccessfully n .other appllc.anons., &9 for
cuff-type neural stimulators, for interconnecting miniaturized
operate at temperatures below Y40, therefore no adverse ef-

fects due to diffusion of this type are expected. For other applﬁl_trasound array sensors and for assembly and interconnection

. e : . . of pressure sensors and control chips in active catheters. It
cations, the diffusion of gold into the aluminum can possibly b :

) o o should be stated that the presented approaches for intercon-
avoided with diffusion barriers in the IC contact pads.

- : . nections and assembly definitely do not suit for all active
Polyimide has been used as a major material for the uItra-t)&( y y

ior il dinsulation | P ttrends in mi [bmedical implant applications. The MFI technology is
carner fims and insulation 'ayers. Fresent trends in micropag articularly suited for devices that need to be implanted into
aging |nd|cate.th.a.t copper/benzocyclobutene (CEJ/BCB) IS USH] logical structures with complicated shapes and extreme
for the low resistivity of Cu and for the well established Process finements in available space. The eye is a good example for

to pattern BCB [10]. Copper is a widely used conductor mMaich stringent requirements

terial, also in polyimide substrates [4], [5]. Copper is known The present MFI technology relies on a skilled operator to

to be tO).('C n CoﬁtaCt with living tissue causing severe Im'Iignthe structures, and to place the bonds. In order to establish
munolog|(?al reactloqs [11]. We have L.jse.d platlnurn-:.:md 99 He MFI technology as a packaging and interconnection tech-
as rather inert materials known for the'.r blocomp§t|b|l|ty ul]hglogy in the semiconductor industry collaborations are needed
It should be s_tated that \{vhen COPPEr 1S approprla_ltely isola 0 automate the procedures and to develop cost-reduced proce-
from body f_de_, COpper 1s us_e_d successful_ly as implant MAures for high-volume production of MFI assembled devices.
terial, despite its toxic reactivity to body tissue. Donaldson
et al. have achieved excellent protection of thick film micro-
electronic assemblies using one-part silicone adhesives as an
encapsulant [12]. We have used nontoxic platinum as conduc-
tors since packing of flexible polyimide substrates with silicone A new technigue for interconnecting microdevices with
rubber has not been tested extensively enough to be sure fleatible substrates was developed, termed MicroFlex intercon-
body fluids get in conduct with the conductor. The disadvamection (MFI) technology. The technique was applied to devise
tage of platinum and gold is their higher resistivity in contrast retina implant microsystem as demonstrated in this paper.
to the one of copper. We are currently looking into electrdther implantable devices are currently developed, among
plating procedures to increase the conductivity in our devicedich are cuff-shaped stimulators with integrated multiplexer,
without the use of copper. novel miniaturized ultrasound arrays and controller chips for
Our microelectronic implants on flexible polyimide subendoscopic applications, and pressure sensor chips and cables
strates have been encapsulated in medical grade silicdaeapplication in catheters.
rubber. Silicone has been reported as suitable encapsulant forhe MFI technology allows hybrid integration and assem-
implantable microelectronics including solder material [13hling of bare silicon dice (ICs) and soldered SMD components
[14]. In order to provide further environmental and dielectriat either side of the same flexible substrate. The dice are di-
insulation, the use of additional Parylene C coatings will bectly bonded onto the substrates with a “rivet” that intercon-
investigated in future applications. Coatings with paryline havects through the via in the polyimide film onto the chip. The
proven to be an excellent choice for brain probes or cochlea @aocedure of screen-printing bumps onto the chip or onto the
implants [15]. substrate is avoided. Testing according to MIL standards has
BCB may prove to be well suited as an alternative material temonstrated that the MFI technology is robust and reliable.
the polyimide Pl 2611. Modified BCB is used as a curing mauture work is directed toward the automation of the MFI tech-
terial for certain biomedical implants. Preliminary cytotoxicitynology in order to establish a high-density interconnects and
tests have shown that the material is nontoxic when used faacking technology suited for high-volume applications.
curing synthetic polyolefins [16]. Extensive tests on the non- We conclude that the MFItechnology, comprising highly flex-
toxic effects of BCB are needed. In particular, the tests hailde substrates, high density interconnects, and simple assembly
to demonstrate nontoxic effects when the material is in coof bare chips and other microcomponents, opens new venues for
tact with highly sensitive neural structures. Furthermore, BCBnovel generation of active biomedical implants with advanced
needs to be proven biocompatible after it has been processahsing, actuation, and signal processing properties.

IX. CONCLUSION
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