APPLICATION NOTE

o

SKYWORKS®

APN3001: Epoxy Die Attachment for

GaAs Flip Chip Devices

This application note describes the recommended method for die
attachment of GaAs flip chip devices. A major concern in devel-
oping a process using epoxy as the attachment material for
assembly is the exposure to temperatures and subsequent
cooling during epoxy curing or the ability of the epoxy to with-
stand temperature cycling. All this can cause flexible PC boards
to expand and contract, causing stress on the dissimilar materials
of the assembly.

The epoxy to be used in the die attach process must be capable
of handling these stresses; the stresses are transferred to the
silver epoxy at the interface of the die and the board. The epoxy
joint volume and height will determine the strain that the epoxy
joint undergoes, directly affecting the reliability of that joint
between die and substrate or PC board. An increase in the
volume and height of the column will decrease the strains within
the epoxy joint. Care must be taken with the increase in epoxy
volume, as an increase in resistance may also occur that may
impact electrical performance.

Dispensed Epoxy Characteristics

The first step in developing a die attach process for the flip chip
devices is to select an epoxy that is capable of handling the
stresses of temperature cycling and the expansion and contrac-
tion of a flexible PC board (FR-4, epoxy-glass). There are many
epoxy materials available for such applications. The one recom-
mended and used to develop the process described here for
attaching the flip chip devices is Ablebond 8380 Electrically
Conductive Die Attach Adhesive manufactured by Ablestik
Electronic Materials and Adhesives of California. This material

is fast curing and is flexible, making it ideal for high thermal
stress conditions.

The epoxy die attach machines used to dispense the epoxy mate-
rial typically have two arms that pivot from epoxy dispense mode
1o a pick and place die pick up tool. When in the dispense mode,
the epoxy is dispensed from a reservoir by a fish line wire,
stamping tool or nozzle, in which a ‘tear drop’ of epoxy is placed
on the tip of the wire or stamping tool, ready to be positioned
onto the substrate or PC board. The epoxy dot size is typically
0.008" in diameter and approximately 0.001" in height or bond-
line. This size is adequate in that it facilitates a good fillet of
epoxy around the die but not enough to cause the epoxy to
bridge or short out the contact pads of the flip chip device.

Flip Chip Bondline & Fillet

[
Substrate or PC Board

Figure 1. Epoxy Bondline Thickness and Fillet

Epoxy Cure Process

Cure epoxy material per the manufacturer’s recommendations, by
convection or infrared ovens. The curing ovens should be clean
and not used for other purposes, or for curing other types of
epoxies, as this may adversely affect the epoxy being cured. The
curing process should be held as close as possible to a constant
temperature. When a box oven is used for curing and the product
is placed into the oven, the oven should not be opened until the
cure time is reached. This will insure that the product has
reached full cure time at the recommended temperature.

There are some important factors to consider when determining
cure time for a given epoxy attach process. One is to fully under-
stand and take into account the overall mass of the assembly to
be cured. Next, a study of the time-to-temperature ratio of the
assembly should be determined. This is to insure the assembly
has reached the recommended cure temperature of the epoxy.
With these factors understood, the recommended cure process
may commence.
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Die Shear Evaluation

A die shear evaluation was performed to determine the integrity
of the die attach process after subjecting the epoxy attached
assemblies to temperature cycling.

A sample of fifty flip chip devices were epoxy-attached to an
FR-4 circuit board per epoxy attach recommendations. The
assemblies were subjected to a visual inspection of 30x and
100x after die attach and epoxy cure, for epoxy or die fractures,
with no defects observed. The devices were also electrically
tested to insure continuity to the circuit board. The assemblies
were temperature cycled at -65° to +125°C, no dwell, and 30
minutes at each extreme for 25 cycles.

Once temperature cycling had been completed, the assemblies
were visually inspected (30x and 100x) and electrically tested
with no defects observed. All fifty flip chip devices underwent
shear testing according to MIL-STD-750, Method 2017 with the
results shown in Table 1.

Force/Code | Force/Code | Force/Code | Force/Code | Force/Code
300 g/ 150 g/1 100 g/1 350 g/ 200 g/
100 g/1 200 g/1 150 g/1 400 g/2 200 g/2
300 g/ 200 g/1 150 g/2 200 g/ 150 g/1
200 g/1 200 g/ 100 g/1 100 g/1 250 g/
300 g/2 200 g/1 100 g/1 450 g/2 250 g/
400 g/2 350 g/ 100 g/1 200 g/2 350 g/2
100 g/1 150 g/1 150 g/1 250 g/1 250 g/2
250 g/ 100 g/1 200 g/ 100 g/1 400 g/2
150 g/1 200 g/2 100 g/1 250 g/1 100 g/1
350 g/ 300 g/ 150 g/1 250 g/1 200 g/

Die Shear Code

1 = Die break leaving 100% residual GaAs material on surface of substrate.
2 = Die lift leaving no residual GaAs material on surface of substrate.
Minimum force for GaAs material is one half (1/2) that of silicon.

Code 1: Minimum force 100 grams.

Code 2: Minimum force 200 grams.

Table 1. Die Shear Data

Temperature Cycle vs. Die Shear

The purpose of this evaluation was to determine if multiple tem-
perature cycling would degrade the mechanical integrity of the
epoxy die attach. A sample of thirty flip chip devices were epoxy
attached to FR-4 boards using Skyworks Solutions’ epoxy attach
process recommendations described above.

The format for this evaluation was to run a series of temperature
cycles (-65° to +125°C, no dwell, and 30 minutes at each
extreme) for a total of 150 cycles. All assemblies were visually
inspected at 30x and 100x and electrically tested for continuity
before and after each set of 25 total cycles. Die shear tests were
performed on groups of five (5) flip chip devices after each 25
cycles for a total of 150 cycles for the final five flip chip assem-
bles. The conclusion of the 150 cycles showed no degradation in
die shear.

Number of Cycles Sample Number Force/Code
25 1 100 g/1
2 150 g/
3 100 g/1
4 150 g/
5 300 g/2
50 6 200 g/
7 300 g/1
8 200 g/2
9 150 g/1
10 100 g/
75 11 150 g/1
12 250 g/
13 100 g/1
14 150 g/
15 150 g/1
100 16 200 g/2
17 100 g/1
18 200 g/
19 100 g/1
20 300 g/
125 21 200 g/1
22 250 g/
23 300 g/1
24 200 g/
25 150 g/1
150 26 200 g/
27 350 g/2
28 100 g/
29 100 g/1
30 100 g/1
Die Shear Code

1 = Die break leaving 100% residual GaAs material on surface of substrate.
2 = Die lift leaving no residual GaAs material on surface of substrate.
Minimum force for GaAs material is one half (1/2) that of silicon.

Code 1: Minimum force 100 grams.

Code 2: Minimum force 200 grams.

Table 2. Die Shear vs. Temperature Cycling
(150 Total Cycles)
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Conclusion

The epoxy die attach process outlined for the Skyworks Solutions’
GaAs flip chip devices and the use of Ablestik Ablebond 8380
stress absorbent conductive epoxy should produce a consistent
process and reliable bond.

1. Cleanliness: It is a good idea to clean flexible or hard
substrates to free them of contaminants before epoxy die
attachment takes place.

2. Epoxy Storage: Adhesive should be stored per the manufac-
turer’s recommendations.

3. Epoxy Dispensing: Dispensed epoxy dot size approximately
0.008" and a bondline thickness of approximately 0.001"
between die and substrate.
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4. Die Attachment: Align bond pads of device to
dispensed dots, using even force of approximately
30 grams of bond force.

5. Epoxy Curing: Cure per manufacturer’s recommendations. Once
product is placed into curing operation, product in process should
not be disturbed.

6. Attachment Quality: The strength of the die attachment can be
verified by stressing the attachment joint to failure by performing
die shear test on a sample basis. The force of the shear test
equipment on the die is increased until the component pops
from the surface of the circuit recording a gram force value at
the time of fracture from substrate. This value for pass or fail
criteria is based on the contact bond pad size of the die and
compared against MIL requirements.
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Copyright © 2002, 2003, 2004, 2005, 2006, 2007, 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.
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