PermiNex™ 1000
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Low Temperature, Photoimageable Bonding Adhesive

DESCRIPTION

MicroChem PermiNex 1000 is an epoxy based, photo-
imageable bonding resist used as an adhesive layer
for the definition and capping of cavity structures such
as BAW, SAW, microfluidic devices, and others, where
critical alignment, low temperature processing and
high bond quality are desired. PermiNex 1000 is avail-
able in four standard viscosities allowing film thick-
nesses of 1 to > 25 pm to be achieved in a single coat.

FEATURES

® Permanent wafer bonding adhesives for
non-hermetic applications

Negative-tone, photoimageable adhesives
i-line exposure

Low temperature processing (< 200°C)
High quality, void free bonding

Superb adhesion to silicon and glass

PROCESSING GUIDELINES

The following conditions represent MicroChem’s
recommendation for a baseline process. It is expected
that a certain amount of engineering and optimization
will be required for customer-specific systems, facili-
ties and application. For guidance on optimizing the
process for a specific application, please contact your
local MicroChem Technical Sales Representative or
MicroChem Technical Support. The overall PermiNex
1000 bonding process flow is depicted in Figure 1.
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PermiNex™ 1000
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Figure 1. General bonding process flow

Substrate Preparation

To obtain maximum process reliability, substrates
should be clean and dry prior to applying PermiNex
1000 resist. For best results, substrates should be
cleaned with a piranha wet etch (using H,SO, & H,0,)
followed by a de-ionized water rinse. Substrates may
also be cleaned using reactive ion etching (RIE) or any
barrel asher supplied with oxygen.

Coat

PermiNex 1000 bonding resists are available in four
standard viscosities, as shown in Table 1. The film
thickness vs. spin speed curves are displayed in Figure
2. The curves were generated using a Brewer Sci-
ence®, Model # Cee® 200 coater, static dispense on

a 6” (150 mm) silicon wafers and a soft bake of 95°C
(times listed below in Table 2) on a level hot plate

and provide a guideline for selecting the appropriate
PermiNex 1000 resist and spin conditions to achieve
the desired film thickness. Please note that the exact
thickness obtained may be slightly offset from Figure
2 due to equipment type, setting differences and room
conditions.

PermiNex 1000 | Viscosity (cSt) = Density (g/mL)
1001 10 0.99
1005 135 1.06
1010 700 1.09
1015 1200 1.10

Table 1. PermiNex 1000 Viscosity

Recommended Program

(1) Dispense 1 ml of resist for each inch (25 mm) of
substrate diameter.

(2) Spin at 500 rpm for 5-10 seconds with acceleration
of 500 rpm/second.

(3) Spin at 3000 rpm for 30 seconds with acceleration
of 500 rpm/second.
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Figure 2. PermiNex 1000 Thickness vs. Spin Speed
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Edge Bead Removal PermiNex 1000

For thicker films (= 5 pm), an edge bead removal step 180 — - 1.50
may be necessary during the spin-coating process, 175 100
as a build-up of photoresists is likely to occur on the

outer edge of the substrate. The edge bead prevents 1o \ 0.0

close contact of the photomask with the wafers result-
ing in poor aspect ratio and resolution and subse-
quently poor bonding quality due to non-uniform film

1.65 0.00
160 | k -0.50

Index ot Retraction (n)
Extinction Coefficient (k)

155 | -1.00
thickness. In order to achieve the best lithographic and
bonding results, this thick bead should be removed. 180 S 150
) B ) 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300
This can be accomplished by using a small stream of Wavelength (nm)

MicroChem’s EBR PG at the edge of the wafer either
at the top or from the bottom. For edge bead removal
using EBR PG, please refer to the EBR PG technical
data sheet.

Figure 3. Chauchy Coefficients

Exposure

Table 3 gives the recommended baseline exposure
dose to produce 10 pm lines and spaces on silicon at
various resist thicknesses obtained in contact mode
using an EVG 620 with a HAS 500 Mercury Short Arc
Lamp (Advanced Radiations Corporation) and PL-
360LP long pass filter (Omega Optical). The use of a
long pass filter such as the PL-360LP from Omega
Optical is recommended when using a mask aligner
to eliminate UV radiations below 350 nm and obtain
vertical sidewalls in the PermiNex 1000 resists.

Soft Bake
A level hotplate with good thermal control and unifor-
mity is recommended for use during the Soft Bake step
of the process. Convection ovens are not recommend-
ed. During convection oven baking, a skin may form on
the resist. This skin can inhibit the evolution of sol-
vent, resulting in incomplete drying of the film and/or
extended bake times. Table 2 shows the recommended
Soft Bake temperatures and times for the various
PermiNex 1000 products at selected film thicknesses.
Note: With optimal exposure, a visible latent image
will be seen in the film within 5-15 seconds after
THICKNESS SOFT BAKE TIMES being placed on the PEB hot-plate and not before. An
exposure matrix should be performed to determine

microns Minutes @ 95°C _
optimum dosage.
1 2-4
5 4-8
10 10-15 THICKNESS EXPOSURE ENERGY
15 15-25 .
microns mJ/cm?
Table 2. Soft Bake Times 1 360 - 800
5 480 - 800
Optical Parameters 10 640 - 800
The dispersion curve and Cauchy coefficients are 15 720 - 800
shown in Figure 3. This information is useful for film
thickness measurements based on ellipsometry and Table 3. Exposure Dose

other optical measurements.
Post Exposure Bake (PEB)

A post exposure bake is required to complete the
curing reaction and should take place directly after
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exposure. Table 4 shows the recommended time
and temperatures for various approximate thickness
targets.

THICKNESS PEB TIMES
microns minutes @ 70°C
1-15 2

Table 4. PEB Times

Development
PermiNex 1000 series resists have been optimized

for development in PN 1000 Developer (solvent blend).

They can be developed in a variety of develop modes
including immersion, spray, puddle or spray/puddle.
Strong agitation is recommended when developing
high aspect ratio structures and/or thicker structures.
The recommended development times for an immer-
sion process are given in Table 5.

THICKNESS DEVELOPMENT TIME
microns minutes
1 4
5 4
10 7
15 10

Table 5. Development Times for PN 1000 Developer

Rinse and Dry

When using PN 1000 Developer, spray rinse the devel-
oped image with fresh developer for the approximate
times listed in Table 6. Dry with filtered, pressurized
air or nitrogen.

THICKNESS RINSE TIME
microns seconds
1 10-15
5 10-15
10 10-15
15 25-30

Table 6. Rinse Times with PN 1000 Developer

EOR——T

5, 10, 25 um features, 5 pm thick PermiNex 1000 coating
Contact Aligner Exposure

Bonding

The bonding process steps are listed below and bond-
ing parameters summarized in Table 7. The bonding
parameters are specific to a 6” (150 mm), 575 pm thick
patterned Si wafer bonded to a glass wafer using an
Ayumi AD-300 wafer bonder. Bonding parameters
should be optimized for different bonding tools, wafer
type, size and thickness, surface topography, bond
pattern and coverage area.

Bonding steps:

1. Set stage temperature to 150°C

Assemble wafers for bonding

Establish vacuum at 9-10 Pa

Bonding: ramp pressure and hold at 10.6 kN

(0.58 MPa) for 30 seconds

5. Optional Hard-Bake at 180°C for 60 minutes
(see page 5)

6. Release vacuum

7. Remove bonded wafers

hoDn
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WAFER SIZE' RESIST TEMPERATURE | FORCE
THICKNESS
inches microns °C seconds kN
6 1-15 150 30 10.6

Table 7. Bonding Parameters

The silicon to glass bonding performance of 10 ym
thick patterned PermiNex films was also evaluated in
a SUSS MicroTec SB8e bonder (pillar structure) and
EV Group EVG529IS bonder (pixel structure). High
strength and high quality bonding was obtained at
150°C/30 seconds at forces in the 10-16 kN range.

Hard Bake

For maximum bond strength and integrity, an
180°C/60 minutes hard bake should be incorporated
after the bonding step.

BOND CHARACTERIZATION

A glass wafer was bonded to a patterned silicon wafer

to facilitate visual inspection of the bonding interface
through the glass wafer. No critical voids or defects
were observed.

Representative images below were obtained after
bonding 10 um films (pixel pattern) in the EV Group
EVG529IS bonder.

Visual Inspection

Adhesive wall

10 pm thick polymer adhesive cavity wall
No visible cracking at high aspect corner structures
and void-free conformal interface

Seal Quality

The bonded wafers are submerged in water. Water
flows into the open scribe channels. Voids or defects in
the bond layer will create pathways for water to enter
the cavity. Vacuum is applied, visual inspection reveals
Newton rings, which indicates void free, successful
bonds.

Cavity under
Vacuum

Adhesive

Open Scribe

Bonded glass to silicon test cavity structure
10 pm thick polymer adhesive
Demonstrated high seal integrity
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OPTICAL PROPERTIES STORAGE

Store PermiNex 1000 resists upright and in tightly

closed containers in a cool, dry environment, away
100

o 7 —___—————| from direct sunlight at a temperature of 40-70°F
80 e (4-21°C). Store away from light, acids, heat and
< 70 |/ \\// sources of ignition. Shelf life is thirteen months
%’ 60 ﬂ, from date of manufacture.
A | N |
2“1 ptorvassatosomn | | DISPOSAL
= 20 ;/Z/ PermiNex 1000 resists may be included with other
10 waste containing similar organic solvents to be dis-
0 ‘ ‘ : : : : : : carded for destruction or reclaim in accordance with
320 360 400 440Wa3e8&ngtsz(‘gm) 560 600 640 680 local state and federal regulations. It is the respon-
sibility of the customer to ensure the disposal of
PermiNex 1000 resists and residues is made in ob-
Process conditions (10 pm film): servance of all federal, state, and local environmental
Softbake: 12 minutes at 95°C regulations.
Exposure: 800 mJ/cm?
Hardbake: 60 minutes at 180°C ENVIRONMENTAL, HEALTH AND SAFETY
Figure 4. Optical Transmission Consult with the product SDS before working with
PermiNex 1000 resists. Handle with care. Wear chemi-
cal goggles, chemical gloves and suitable protective
clothing when handling PermiNex 1000 resists. Do not
PHYSICAL PROPERTIES

get into eyes, or onto skin or clothing. Use with ad-
equate ventilation to avoid breathing vapors or mist. In
case of contact with skin, wash affected area with soap

(Typical values)

Shear Adhesion on Si (MPa) 55 and water. In case of contact with eyes, rinse immedi-
ately with water and flush for 15 minutes lifting eyelids

Shrinkage (%) 5 frequently. Get emergency medical assistance.

Tg (°C] . 105 The information is based on our experience and is, we

Thermal Stf'bi“ty in Air, 5% wt. loss (°C) 296 believe to be reliable, but may not be complete. We

CTE (ppm/°C) 90 make no guarantee or warranty, expressed or implied,
regarding the information, use, handling, storage, or

Young's Modulus (GPa) 2.2 possession of these products, or the application of any

Elongation (%) 5 process described herein or the results desired, since

Residual Stress (MPa) 10 the conditions of use and handling of these products

Tensile Strength (MPa) 65 are beyond our control.

Electric Strength (V/um) 115

Resistivity (Q.cm) 10%

Water Absorption (%) 0.6
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DISCLAIMER

Notwithstanding anything to the contrary contained in
any sales documentation, e. g., purchase order forms,
all sales are made on the following conditions:

All information contained in any MicroChem product
literature reflects MicroChem’s current knowledge

on the subject and is, we believe, reliable. It is offered
solely to provide possible suggestions for customer’s
own experiments and is not a substitute for any
testing by customer to determine the suitability of
any of MicroChem products for any particular
purpose. This information may be subject to revision
as new knowledge and experience becomes available,
but MicroChem assumes no obligation to update or
revise any data previously furnished to a customer;
and if currency of data becomes an issue, customer
should contact MicroChem requesting updates. Since
Microchem cannot anticipate all variations in actual
end uses or in actual end-use conditions, it makes no
claims, representations or guaranties, expressed or
implied including, without limitation any warranty of
merchantability or fitness for a particular purpose;
and customer waives all of the same. MicroChem
expressly disclaims any responsibility or liability in
connection of any use of this information including,
without limitation, any use, handling, storage or pos-
session of any MicroChem products, or the application
of any process described herein or the results desired
or anything relating to the design of the customer’s
product. Nothing in this publication is to be considered
as a license to operate under or a recommendation to
infringe any patent right.

CAUTION

This product is not designed or manufactured for, nor
is it intended for use in any medical device or for any
other medical application. Do not use this product in
any medical applications [including, without limitation,
any permanent implantation in the human body or any
animals (other than laboratory animals used for ex-
perimental purposes), or contact with any body fluids
or tissues] unless otherwise expressly and specifically
provided for in a written contract between MicroChem
and the customer. The complete MicroChem Medical
Disclaimer Statement is available upon request or on
the MicroChem website at www.microchem.com.
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United States

Headquarters

MicroChem Corp.

200 Flanders Road
Westborough, MA 01581

Tel: 617 965 5511

Fax: 617 965 5818

URL: www.microchem.com
E-mail: sales@microchem.com

China, Hong Kong, Indonesia,
Philippines

Headquarters

Teltec Semiconductor Pacific Limited
2802 Wing On House

71 Des Voeux Road, Central, HONG KONG
Tel: +852 2521 4213

Fax: +852 2810 6090

URL: www.teltec.biz

E-mail: info@teltec.asia

Contact: Judy Chang

Shanghai Representative Office
Teltec Semiconductor Pacific Limited
Room 302, Enterprise Square,

#228 Mei Yuan Rd, Shanghai, 200070,
CHINA

Tel: +86 21 63813293 / 63813292

Fax : +86 21 63813297

URL : www.teltec.biz

E-mail : teltecshanghai@teltec.asia

Singapore, Thailand, Malaysia
Teltec Semiconductor Pacific (Singapore)
Pte Ltd

545 Orchard Road

Far East Shopping Center, #13-07
SINGAPORE 238882

Tel: +65 6734 8619

Fax: +65 6734 7381

URL: www.teltec.biz

E-mail: teltecsg@teltec.asia
Contact: Justin Kow

Taiwan

Teltec Semiconductor Pacific (Taiwan)
Ltd.

6F-6, No.28, Tai Yuen St.

Tai Yuen Hi-Tech Industrial Park,

Chu Pei City, HsinChu, 302 Taiwan, R.0.C
Tel : +886 3 5525 333

Fax : +886 3 5525 323

URL: www.teltec.biz

E-mail: teltectaiwan@teltec.asia
Contact: Swallow Huang

France, Belgium, Portugal, Spain
Chimie Tech Services

7, rue Marcelin Berthelot

Zone Industrielle

92762 Antony Cedex, FRANCE

Tel: +33 (0] 1 55 59 55 75

Fax: +33 (0) 1 5559 55 90

URL: www.chimietech.com

E-mail: anerozzi@chimietech.com
Contact: Annabel Nerozzi

Germany, Denmark, Finland, Greece,
Luxemburg, Netherlands, Norway,
Sweden, Poland, Czech Republic,
Bulgaria, Romania, Turkey, Iceland,
Slovenia, Slovakia, Russia, Armenia,
Azerbaijan, Estonia, Georgia,
Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Moldova, Tajikistan,
Belarus, Uzbekistan, Switzerland,
Austria, Italy

Micro Resist Technology GmbH
Kopenicker Str. 325

12555 Berlin, GERMANY

Tel: +49 (0) 30 64 16 70 100

Fax: +49 (0) 30 64 16 70 200

URL: www.microresist.de

E-mail: sales@microresist.de
Contacts: Anja Hinz and Gabi Gruetzner

India

Global Marketing Services

263, 3rd Main, ISRO Layout,
Bangalore - 560078, INDIA

Tel: +91 80 26665684

Fax: +91 80 26663255

Mobile: +91 9845471451

URL: www.gms-india.com
E-mail: kishore@gms-india.com
Contact: Ismail Kishore

Israel

Science Technologies & Services Limited
Beit Taasiot Haela

Kibbutz Netiv Halamed He 99855, ISRAEL
Tel: +972-2-9922268

Fax: +972-2-9922278

URL: www.sts-israel.com

E-mail: adan@sts-israel.com

Contact: Nachum Adan

Global Distribution

Japan

Nippon Kayaku

11-2, Fujimi 1-Chome, Chiyoda-Ku,
Tokyo 102-8172, JAPAN

TEL: +81-3-3237-5209

FAX: +81-3-3237-5359

URL: www.nkc-mems.com

E-mail: keisuke.iwanaga@nipponkayaku.
co.jp

Contact: Keisuke lwanaga

Korea

K1 Solution, Inc.

#1313, A-dong

Kwangmyung Techno-Park, Soha-dong
1345 Bun-Ji, Gwangmyeong-si
Gyeonggi-do, KOREA

Tel: +82-2-838-2866

Fax: +82-2-6008-2867

URL: www.k1solution.com
E-mail: info@k1solution.com
Contact: JW Jung

United Kingdom, Ireland
A-Gas Electronic Materials
Unit 3, 10 Centre

Swift Valley

Rugby, Warwickshire

CV21 1TW, UK

Tel: +44 0 1788 537535
Fax: +44 0 1788 535835
URL: www.agasem.com
E-mail: customerservice.em@agas.com
Contact: Benjamin Mogg

Australia

M.M.R.C Pty Ltd. (Micro Materials &
Research Cons.)

Suite 126, 19 - 29 Milton Pde
Malvern, Vic, 3144

AUSTRALIA

Tel: +61 3 9885 1752

Fax: +61 3 9885 2603

URL: www.mmrc.com.au
E-mail: myoung@mmrc.com.au
Contact: Michael Young
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