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Processing Procedures

DOV

CYCLOTENE™ 3000 Series Advanced Electronics

Resins
Processing Procedures for CYCLOTENE 3000 Series Dry Etch Resins

o North America

o Europe, Middle East and Africa
« [atin America

s Asia-Pacific

The CYCLOTENE™ 3000 Series Advanced Electronics Resins derived from B-staged
bisbenzocyclobutene (BCB) monomers are dry-etch grades of the CYCLOTENE family of
products, and were developed for use as spin-on dielectric materials in microElectronics
device fabrication. The CYCLOTENE Resins are low dielectric constant and low dielectric
loss materials, and feature low moisture absorption, no out-gassing, low temperalure cure
and excellent planarization (Figure 1). Properties of the CYCLOTENE products are given in
Table 1. The CYCLOTENE Resins have been widely adopted in a variety of Electronics
applications, including silicon and compound semiconductor passivation, interlayer
dielectric, flat panel displays, IC packaging, inlegraled passives, MEMS, wafer bonding and
3D integration, and optoelectronic components. There are four formulations of the
CYCLOTENE 3000 Series products which are commercially available from The Dow
Chemical Company, as shown in Table 2.

An additional dry elch product, XUS 35077.00 type 02, was designed for flal panel display
applicalicns. Please reler 1o our processing guide “Technical Processing Guide for Flat
Panel Display Applications” for more information on that product.

The CYCLOTENE™ 3000 Serles Resins as well as the ancillary chemicals, including
adhesion promoters (AP3000), rinse solvent (T1100), and stripper (Primary Stripper A) are
stored at room temperalure. The shelf life for CYCLOTENE 3000 Series Resins at room
temperature is two years from the date of manufaciure.

Figure 1. Planarization ratio as a function of metal line width for dry etch grade BCB. The
metal line height is 41im.
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Table 1. Thermal, Electrical and Mechanical Properties of CYCLOTENE™ 3000 Series
Resins

Properly Measured Value

Dielectric constant 265 at 1-20 GHz
Dissipation Faclor 0.0008

Breakdown Voltage 5.3 x 108 Viem
Leakage Current 6.8 x 10-10 Afom? at 1.0 Mv/em?
Valume Resistivity 1 x 101 Q-cm
Thermal Conduclivily 0.29 Wim°K @24°C
CTE A2 ppm*C at 25°C
Tensile Strength 87 +7 MPa

Tensile Modulus 29+0.2GPa
Elongation 8+25%

Polsson's Ralio 0.34

Residual Stress on Si 28 + 2 MPa at 25°C
Tg > 350°C

Moislure Absorption <0.2%

Table 2: Formulations of the CYCLOTENE 3000 Series products

Solulion Properlies 3022-35 3022-46 3022-57 3022-63
Solvent Mesilylene Mesitylene Mesilylene Mesilylene
Viscosity (¢St @ 25°C) 14 b2 259 870
Thickness Range= (um) 10-24 24-58 5.7-15.6 95-28.0

2 The thickness data given above should not be construed as product specification.

Pressurized Dispense

In pressurized dispense, either nitrogen or helium can be used. Helium is less soluble than
nitrogen in resin solutions under pressure and causes fewer bubbles than nitrogen during
dispense and spin coating. Pressure should be released when the resin is not in use.

Cup Rinse and Exhaust

Cup rinse is recommended at the end of a cassele to prevent the spun-off resin from drying
aon the cup suiface and becoming a source of particles. Cup exhaust should be turned on
throughout the entire coaling process to evacuale the solvent vapor and to keep mist and
polymer fibers helow the wafer surface.

Materials for Delivery System

Teflon is the recommended material for the components of the CYCLOTENE™ Resin
delivery system, which include delivery lines, botlles, cap adapters, and filters. Kalrezis
recommended for O-rings and elastomeric components. HDPE is not compatible with the
mesitylene solvent.

Waste Dispose
It is recommended to dispose the wasle into a container for organic solvents.

Figure 2 depicts a typical process flow of CYCLOTENE™ Resins on a planar substrate.
The detail of the procedure for each of the steps will be dascribed below.
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Surface Preparation .

The surface of substrates fo be coated with CYCLOTENE™ Resin should be free of
inorganic particles, organic residues and other contam-inants. Particles and residues cause
coating defects and may lead to subsequent adhesion problems. A brief treatment of O
plasma foflowed by DI water rinse is usually sufficient for general cleaning purposes. If
polyimide is present on the substrate, a dehydration bake (e.g., oven ar hotplate bake at a
temperature of 150°C or higher) followed by oxygen plasma treatment prior to BCB coating
is necessary to facilitate good adhesion.

Adhesion Promoter

Adhesion promoter is always recommended prior to BCB coating. The procedure for apply-
ing adhesion promoler on a substrate comprises dispensing, spreading {e.g., 50-300 RPM
for & seconds), and spin-drying at 3000 RPM for 10-20 seconds. Baking adhesion promoter
prior to BCB coating is usually not required, but it can improve the adhesion of BCB to
cerlain substrates. The adhesion promoter available from Dow, AP3000, is effective on
most surfaces, including silicon oxide, silicon nitride, silicon oxynitride, aluminum, copper
and fitanium.

Please refer to our application note "Processing Procedures for BCB Adhesion” for more
details on BCB adhesion to other materials.

NOTE; Vapor prime adhesion promolers developed for pholoresists (e.g., HMDS) do not work with lhe CYCLOTENE family of
resins.

Figure 2: Typical process flow steps for deposiiing BCB films on a substrate
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Resin Coating

Following the adhesion promoter process, BCB resin is spun onto the substrate. The
coating process is comprised of the following steps: dispense; spread; spin coat; backside
rinse; lopside (EBRY); spin dry; and soft bake. The delails for each of the steps are
described below. :

Dispense

Dispense of BCB resin can be done statically or dynamically (rotating the substrate at a
speed of 50-200 rpm}). For optimal material usage it is helpful to dispense the resin radially
from the edge of the wafer to the center, pariicularly for the higher viscosity formulations.
The dispense volume will depend on the size of the subsirate and the topography of the
substrate surface. Slightly greater dispense volume is often required with increasing
topography for a given substrate size.

Spread
Increase the substrate rotation speed to approximately 500 — 750 rpm for 5-7 seconds to
spread the resin out from the center of substrate.

Spin Coat

Increase the substrate speed to a rale which is appropriate to achieve the desired coating
thickness. Table 3 lists the correlation between cured fitm thickness and spin speed for
each of the CYCLOTENE™ 3000 Series Resins. Note that these data are for an open bowl
spin coater. When using a covered coater, film thickness will depend on both spin speed
and spin time, and will generally be thinner than the values in Table 3.

Table 3: Thickness after cure (in microns) versus spin speed.

Spin Speed CYCLOTENE™ CYCLOTENE CYCLOTENE CYCLOTENE
(RPM) 3022-35 Resin 3022-46 3022-57 3022-63
1000 226 5.46 13.8 26.2
1500 1.84 4.39 10.7 19.9
2000 1.59 3.76 9.04 16.5
2500 143 3.35 7.97 144
3000 1.30 3.05 7.21 12.9
3500 1.2 2.82 6.65 11.8
4000 1.13 263 8.20 10.9
4500 1.07 248 5.84 10.2
5000 1.01 235 5.55 9.64

NOTE: The dala given above are not lo be conslrued as product specifications.

EBR and Backside Rinse

Adjust the substrate speed to about 500 rpm and dispense the EBR solvent (T1100) for 5-
10 seconds to remove the edge-bead (about 1.5 mm from the edge of the wafer) from the
top side of the substrate and to remove any contamination from the backside of the
substrate. Top side edge-bead removal not required, but it is recommended. The backside
rinse (BSR) should not be omitied. The top side EBR and backside rinse can be performed
sequentially or simultaneously.

Spin-Dry
Following the EBR and backside rinse, the substrate is spun at 2000 rpm for 20-30 seconds
to dry the backside of the substrate.
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Bake

After the spin coating process, the BCB film should be baked on a holplate to remove
solvents and to "stabilize” the film in order to avoid material flow during subsegquent handling
and curing. The temperature and time for the bake of the CYCLOTENE™ Resins are nol
crilical. The hotplate femperature can be set from 80°C to 150°C and the fime can be as
shorl as 60 seconds.

After coating and bake, the films are cured to achieve their final properties. The cure of
CYCLOTENE™ Resins can be performed using a variety of fools, including convection
oven, vacuum oven, tube furnace, reflow belt oven, and holplate. Except for early out-
gassing of residual solvent, CYCLOTENE Resins do not evolve volaliles during cure, thus
there are no constraints on the heating rate. (However, note that optimum planarization is
achieved with a relatively slow ramp.) The only constraint is thal, since films of
CYCLOTENE Resin are susceptible to oxidation at elevated temperature (=150°C), the
cure must be carried out under an inert atmosphere, with an oxygen cancentration below
100 ppm. This condition can be readily achieved by flowing inert gas (nitrogen or argon)
through a convection oven, tube furnace, or by using a vacuum furnace or oven.

CYCLOTENE Resins can flow during the cure process. For optimum thickness uniformity,
the substrates should be cured in a horizontal orientaticn.

Soft Cure

The soft or partial cure for the CYCLOTENE family of resins is designed fo reach
approximately 80% conversion (polymerization) and it is used for successive coating of the
resin (i.e., double or triple coals) or multitayer structures (e.g., BCB/metal/BCB) in which the
two BCB layers are in contacl. See Table 4 for a recommended partial cure profile in a
convection oven.

Hard Cure

The hard or full cure is typically carried out as final cure after all polymer layers of the device
structure have been completed, and it is designed to achieve 95-100% conversion. A
typical suggested profile for hard cure is 250°C for one hour in a box oven or furnace. See
Table 4 for a recommended full cure profile in a convection oven. Cure of CYCLOTENE
Resins at a temperature higher than 250°C does not adversely affect the properties of the
film, but the temperature should not exceed 350°C. Figure 3 presents the extent of cure as
a function of cure time and temperature.
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Figure 3: The extent of BCB cure as a function of iemperature and time.
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Table 4. Oven cure profiles for CYCLOTENE™ 3022 Resin.

Step Parlial Cure Full Cure

1 15 minute ramp to 100°C 16 minute ramp to 100°C
2 15 minute soak at 100°C 15 minute soak at 100°C
3 15 minute ramp fo 150°C 15 minute ramp to 150°C
4 15 minute soak at 150°C 15 minute soak at 150°C
5 60 minute ramp fo 210°C 60 minute ramp fo 250°C
6 40 minute soak at 210°C 60 minute soak at 250°C
7 Cool to <150°C Cool fo <150°C

For rework of a BCB film after bake and prior fo cure, T1100 is the recommended solvent,
This can be done by dispensing T1100 an the track, or by immersing the substrate in a
T1100 bath at room temperature. The BCB films after soft cure can be removed by
immersing the film in a Primary Stripper A bath at 90-100°C. Removal rate of soft cured
BCB film increases with higher bath temperature, and is about 2um/our at 80°C and about
Bam/hour at 100°C. Alter the siripping process with Primary Stripper A, the substrate
should be rinsed with isopropanol, followed by DI water rinse and dry. An Q2/CF 4 plasma
treatment after strip and rinse will help to completely remove any organic residues. Fully
cured CYCLOTENE™ Films are highly resistant to most chemicals, which makes them
difficult to remove. Once the film is fully cured, plasma stripping {oxygen/fluorine plasma) is
usually the only viable means of removing it. A piranha (H202/H2S04) or fuming nilric acid
bath will remove fully cured BCB films, but metals and underlying device structures will
generally not tolerate such an aggressive cleaning agent.

Please refer o the application note “Rework Procedures for CYCLOTENE 3000 Series and
4000 Series Resins” for more details on rework.

UNRESTRICTED — May be shared with anyone
& Trademark of The Dow Chemica! Company ("Dow”) or an affiiated company of Dow 888-00006-0512
CYCLOTENE™ 3000 Series Advanced Electronic Resins / Growth Technologies 09/2012, Rev. 0




Plasma Etch

Page7 of 10

Pattern definition of films made with the CYCLOTENE™ 3000 Resins can be accomplished
by means of a plasma efch process in conjunction with photoresist (PR) processing, and
using either soft mask or hard mask approaches.

Etch gases

The plasma used to elch CYCLOTENE Films generally requires both oxygen and fiuorine
species since silicon is present in the backbone of the polymer. A mixture of oxygenand a
fluorine-containing gas (CFs, CaFe, CaFa, SFe, NF3, etc.} has been found to produce a
controlled etch rate using parallel plate or react-ive ion etchers. Commonly used gas
mixtures are 4:1 QofCF4, or 5:1 02/SFe. More fluorine can increase BCB etch rate initially,
but when the fiuorine component exceeds a certain limit, the BCB elch rate decreases.
Figure 4 shows efch rate vs gas composition in O2/CF4. SFe tends to give faster etch rales
than CF4. Maximum elch rates are achieved with about 55-60% CF4 in O2 [1], or about
20% SFs, or about 20% NF3 [2]. Though itis generally not recommended, elching of BCB
in O without any fluorine has been reported. [3].

An inert gas (N2 or Ar} can be also added fo the reactor to increase the overall pressure in
the chamber and moderate the chemical vs. physical components of the plasma. As a
result, both etch profile and efch uniformity can be improved. Adding more inert gases can
lead to an increased etch rate and higher etch selectivity of CYCLOTENE Resins over CVD
oxide and nitride. Lower concentrations of fluoring also give better selectivily to nitride.
Higher power and pressure can increase BCB efch rates, but may afso lead to etch non-
uniformity. Soft cured and hard cured BCB films show similar etch characteristics.

Figure 4: Etch rates as a function of gas composition for reactive ion etch process.
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MOTE: Oxygen plasma withoul a fluorine component can create an undesirable amorphous silicon oxide on the surface, thus,
the etching process becomes self-passivating, and Lhe etch rale stows down and eventually stops. The resulting surface SiO2
layer s brittfe and can lead to cracking of the BCB fm. In addition, materials deposited on top of this oxide {e.g., melals,
CYCLOTENE Resins, elc.) typically show poor adhesion. Ina via elch scheme lhe surface of the polymer is prolecled by the
soft mask or hard mask, but lhe via side walls can be damaged. For these reasons, plasma etching in Oz is not
recommended. Similarly, restst stripping in an 02 plasma should also be avoided.
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Etch tools

A variety of etchers have been used. Both reactive ion etchers (RIE) and inductively
coupled plasma (ICP} tools have been used with good results. Downsiream efchers have
also been used. Barrel etchers are not recommended, because (a) the etch uniformity is
quile poor, the elch rate being much greater at the edge than at the center, and (b) the lack
of temperature control can lead to film surface oxidation and SiO2 formation even when
fluorine is present,

Soft Mask Process

In‘this process, the photoresist employed for pattern definition is also used as a sacrificial
mask for BCB etching [4,5]. Etch seleclivity between BCB and photoresist films is usually
found to be about 1:1, so the resist thickness should be greater than the BCB thickness.
Compatibility of the resist stripper with BCB should also be considered. Figure 5 shows the
etched thick BCB profile using O2/CF4 chemistry on Tegal's 981 plasma etcher using a
photoresist etch mask, showing sloped side wall profile and no visible etch residues. [6]

Hard Mask Process

Inorganic materials such as CVD dielecliic films (SiCs, SiN) or melal films (Al, Cr) can be
used as a non-sacrificial mask for BCB etching. If an incrganic dielectric malterial is adopted
for the hard mask, the hard mask layer can be retained as a part of the dielectric structure.
Due to the presence of fluorine in the elch gas, there will be a finite efch rate of the hard
mask material, and its thickness should take this into account. In the case of using a metal
as the hard mask, the etchant used for the metal removal should be compatible with BCB.
Figure 6 shows etched via profiles in 1um thick BCB, using a 0.3um thick oxide hard mask,
which was conducted with more complicated etch chemistry on a Lam TCP 9100 etcher. [7]

Figure 5. Field and sidewall view of etched thick BCB (7um) on Tegal's 981 plasma elcher.
AZ-P4620 pholoresist {15um) was used as soft mask.
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Figure 6. Sub-micron BCB via profile etched in a Lam TCP9100 etcher {Pressure: 10
mTorr, TCP Power: 1500 W, RF Power: 700 W, O2: 18 scom, CaFg: 2 scem, No: 40 scem).
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Before using this product, associated generic chemicals, or the analytical reagents required
for i control, consult the supplier's Material Safety Data Sheet (MSDS)/Safely Data Sheet
(SDS} for details on material hazards, recommended handling precautions and product
storage.

CAUTION! Keep combustible and/or flammable producis and their vapors away from heat,
sparks, flames and other sources of ignition including stalic discharge. Processing or
operating at temperatures near or above product flashpoint may pose a fire hazard. Use
appropriate grounding and bending techniques to manage static discharge hazards.

. CAUTION! Failure to maintain proper volume level when using immersion heaters can

expose tank and solution to excessive heat resulting in a possible combustion hazard,
particularly when plastic tanks are used.

Store products in tightly closed original containers at temperatures recommended on the
product label.

Dispose in accordance with all local, state (provincial) and federal regulations. Empty
containers may confain hazardous residues, This material and its contalner must be
disposed in a safe and legal manner.

Itis the user's responsibility to verify that treatment and disposal procedures comply with
local, state (provincial) and federal regutations. Contact your Dow Electronic Materials
Technical Representative for more information.

Dow has a fundamental concern for all who make, distribute, and use ils products, and for
the environment in which we live. This concern is the basis for our product stewardship
philosophy by which we assess the safety, health, and environimental information on our
products and then take appropriate sleps to protect employee and public health and our
environment. The success of our product stewardship program rests with each and every
individual involved with Dow products - from the inilial concept and research, to
manufacture, use, sale, disposal, and recycle of each product.

Dow strongly encourages its customers to review both their manufacturing processes and
their applications of Dow products from the standpoint of human health and environmental
quality to ensure that Dow products are nof used in ways for which they are not intended or
fested. Dow personne! are available to answer your questions and to provide reascnable
technical support. Dow product literature, including safety data sheels, should be consulted
prior to use of Dow products. Current safety data sheets are avaitable from Dow.

For Industrial Use Only. This information is based on our experience and is, to the best of our knowledge, true and accurale.
However, since conditions for use and handling of products are beyond our conlrol, we make no guarantee of warranty,
expressed or implied, regarding Lhe information, the use, handling, storage or possession of the products, or the applications of
any process described herein o the resulls sought to be obtained. Nothing herein shall be conslrued as a recommendalion lo
use any product in violation of any patent rights.

NOTICE: No freedom from infringement of any patent owned by Dow or ofiers is lo be inlerred. Because use condilions and
applicable laws may differ from one location to another and may change with time, Cuslemer is responsible for detemining
whether producls and the information in this document are appropriate for Customer's use and for ensuring that Gustomer's
workplace and disposal practices are in compliance with applicable laws and olher government enactments. The product
shown in this lilerature may not be available for sale and/or available in all geographies where Dow is represented. The daims
made may not have been approved for use in all countries. Dow assumes no obligation or liability for the information in this
document. References lo “Dow” or the *Company™ mean the Dow legal enlity selling the producls lo Customer unless
olherwise expressty noled. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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