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The major accomplishments for this project are highlighted for the recent time frame cited above. 
In this summary I would like to breakdown the accomplishments into three different categories, 
which would correspond to each of the three contributing organizations for this project. 

I. MATERIALS DEVELOPMENT, IBM Research, Yorktown Heights, NY: Principal 
Investigators, Ravi Saraf, Judy Roldan and Carlos Sambucetti. 

1, The next generation of Polymer Metal Composite (PMC) has been developed to increase the 
bond strength. This new formation incorporated three basic changes: Reducing the filler content 
to increase overall bonding area between the PMC and the pad. Change the mechanical 
anisotropic properties of the paste to increase the limiting bonding force without fracturing the 
PMC. Finally, to change the binder formulation to improve the intrinsic bonding strength of the 
polymer to the metal pad. The failure mode for this improved formulation has migrated towards 
the preferable cohesive failure mechanism when doing peg testing of the material. 

11. PROCESS DEVELOPMENT, IBM Microelectronics, Endicott, NY: Principal Investigators, 
Mike Gaynes and Chuck Woychik 

1. Reliability Testing: Two different test groups were built and subjected to three different types 
of reliability tests, Accelerated Thermal Cycling (ATC) 0- 1 OOC, Temperature and Humidity 
(T&H) 85C and 80% relative humidity, and Bake at 125C. A major objective of this work was 
to show the stability of the joint with time. The first group tested used the as-received concave 
bump surface, whereas, in the second group a supplemental dispense was added to fill the concave 
surface. The effect of a supplemental dispense was thought to produce a better joint by 
eliminating the potential to produce a void at the bonded interface. From this woik it was shown 
that the initial time zero quality correlated to the overall reliability of the joint. 
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2. Bonding Optimization Evaluation: A design of experiments was performed to investigate the 
effect of bump height, bonding pressure, hole fill method (supplemental dispense or bump 
flattening), and encapsulation method (no encapsulation, Matshusita, Hysol45 1 1). This work 
revealed that the encapsulation process was very destructive, with the most damage occurring 
when using the 451 1 material. Currently, it is thought that the stress due to the coefficient of 
thermal expansion mismatch between the die and the substrate is not responsible for the joint 
damage, but more likely due to a chemical reaction of the conductive adhesive with the 
encapsulant material. 

3. Mechanical Testing of Bulk Conductive Adhesives: Two different formulations were tested 
using a peg fixture. The test peg using the first formulation failed adhesively at about 1100 psi, 
having a high standard deviation. When using the second formulation, the test peg failed 
cohesively, therefore less prone to defect-driven interfacial failures, at stresses over 2000 psi. 
This enhanced formulation was used to do photo bumping on the wafer in order to perform fbture 
bonding experiments. 

4. Paste Deposition Process Development: An experiment was done to study the effect of 
expose dose, develop time and baking temperatures on the adhesive bump yield. 
important observations from this work are, expose does and develop time seem to be critical 
factors for good resist definition. The baking operation increases the bump yields. The resulting 
bumps have a flatter surface than those produced using the conventional photobumping method. 
In addition, a design of experiments was performed to investigate different photoresists (T168, 
AX and GA40) and conductive adhesive formulations ( high and low fillers, Diemat and 
Staystik). From this work it was determined that AX and the high filler adhesive paste produced 
the highest bump yields and a flat deposit. 

Some of the 

11. EQUIPMENT DEVELOPMENT, Universal Instruments Corporation, Binghamton, NY, 
Principal Investigator: Mike Snyder. 

1, The fabrication of the second generation of laboratory bonding equipment has been completed. 
This equipment is capable of providing precise alignment and application of pressure and 
temperature to produce a PMC (polymer metal composite ) interconnection. 

2. Cost Estimation System for Flip Chip Attach Alternatives: A comprehensive computer model 
has been developed by Prof Daryl Santos, Binghamton University, to evaluate the cost to do flip 
chip attach using an electrically conductive adhesive (ECA). This model also makes it possible to 
compare all of the competing solder based flip chip attach methods most commonly used today 
(solder on chip, solder jetting, and solder plating). From this model, ECA is a viable competitor 
among all the current methods to do flip chip attach. 
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Fliv-Chip Attach Interconnection TechnoZogy 

R.F. S a r d  (l), J.M. Roldan, C.J. Sambucetti, 

T.3. Watson Research Center, IBM Carp., Yorktowp Heights, NY 10598 

Abstract 

Next generation PoIymedMetal. Composite (PMC) materialis developed for im- 
p y e d  performame in terms of bond reliability. The new. fmulation has better adhe 
sion with comparable conductivity and screenability properties to the previous optimum 
PMC. 

A next getmation formulation with significantly improved adhesion has been ob- 
tained 
The contract with OSU has been initiated 
A significant improvement in tensile str- is observed due to Ag/polymer inter- 
action 

Saraf-Yorktown 1 DOE ConraCr NO. DE-FC04-94AL98817 
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Next Generation Formulation 

It has been reaked that although most of the adhesion between the substrate and the 
chip would be due to the (underfill) encapsulation, an adhesion above 12 MPa is required 
for a reliable bond. Most of the M u r e  fiom the Endicott studies appear to occur during 
the encapsulation process. It was further inferred from the Studies that a higher bond 
streagth, preferably fhcturing in an adhetwe mode is required. .Thus the major thrust 
for us in the past 6 month has been to improve the adhesion and alter the failure 
mechanism (if possible) fiom cohesive to adhesive. 

, 

L S M G J  

w 
"bee basic approaches were sought: 

1. Reducing the filler content to increase overall bondhg area between the PMC and 
tbe pad. 

2. hcrease the mechanical anisotropic properties ofthe paste to increase ~2 limiting 
bonding force yithout fracturing the PMC. 

3. Change the binder formulation to improve the intrinsic bonding strength of the 
polymer to the metal pad. 

Apart from the decrease in conductivity, the first concept of reducing tbe filler was r e  
jected due to two major m o n s .  (a) The lower filler content increase the malleability 
of the bond, causing the bond-line to squeeze significqtly at:moderate bonding loads. 
A smaller bond line is difficult to UndefilI. More importantly, the stress due to tbermal 
mismatch between the chip and the substrate is inversely proportional to the bond line 
thickness (see for example, 4/4/96 report, Saraf et d.). (b) The p a ~ e  adhesion to resist 
(employed during screening) increases significantly. The paste becomes difficult to d i s  
pense by the photo bumping process developed by Endicott. 

In the second approach, we tried increasing the diffkrence between mechanical properties 
of the paste dong the thickness and in-plane direction. During the bonding process, the 
compressive stress energy during loading needs to be dissipated..The dissipation mainly 
occurs due to stress relaxation in the in-plane direction dther by-flow (viscous &si. 

SaIaf-Yorktown 2 DOE C6nracr No. DE-FC04-94AL98817 
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pation) or by cracking. The latter, i.e., cracking or hcturing is not desirable. The in- 
crease in flow would decrease the stress dissipation by h c t u e .  As a result, the bonding 
load threshold can be increased. An increase h bonding load without cracking the bonds 
would decrease the bonding time and increase the bonding.strength. The former d e  
creases the process cost and the latter improves the reliabiIity. The anisotropy of the 
material was altered by changing the morphology of the Ag clusters. However, no sig- 
nificant improvement in propedes have been achieved. We are c-g this effort. 

. 

The kt approach of reformulating the binder, although requires significant departures 
from the previous formulations, has shown the most promise. Table 1 compares the 
adhesion strength of three paste formulations. The first paste labeled Ykt55 is the pre- 
vious generation PMC optimized for high conductivity and 6ne.pitch screenability. The 
other two formulations labeled Ykt595 and YktS58 were recently developed. The 
ykt595 is presently under investigation for reliability at Endicott The adhesion ,strength 

for tbe PMC in Table 1 are measured for Au surface Imded'at 220 &degree.C. The 
adhesion has significantly improved from &k12 MPa to as20 MPa and the failure is 
adhesive in contrast to cohesive observed for the previous formulation. The rheology 
of the material is under investigation. However preliminary.results indicate that the 
screenabil jty of Ykt595 is similar to Ykt55. The resistivity has however increased .from 
&similar.22 &mu.&Omega.-cm (for W S )  to &similar.4S &mu.&Omega.-cm (for 
Ykt595). 

. The enhanced adhesion to Au surfizce, low resistivity gad preliminary screenability re- 
sults. indicate that the next generation PMC reported ahve 'may be appropriate as an 
interconnect material for Flip Chip Attach (FCA) technology. . 

(1) To whom correspondence may be addressed; saraf@watson.ibmwm 
(9 14)-945 3239(voice)/2 14 1 (FAX) 

Sataf-Y&lOWn 3 DOE Comact No. DE-FCO4-94AL98817 
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Elbow Method 

8-12 MPa 

21-28 MPa 

26-35 MPa 

Contact resistance: &similar.0.6 &mu.&Omega.-cm&supZ. 
(4.9 m&Omega. and 1.2 m&Omega. for 5 and 10 mil pads) 

Strain at break: 80420% 

Solder adhesion: 35-40 MPa 

salaf-Yorkcown 4 
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Objective: The objective of the reliability testing is to investigate the overall joint stability of the 
PMC mate~al as a function of time and in particular, to monitor the stability over time as a 
h c t i o n  of the t-zero joint resistance. 

Findings The three tests utilized were m ATC test (0 to 100 €), a ternperatm-hadity test. (85 
C/80% RH), and a thermal age test (125 C). Two groups of cards were monitored. The cards in 
the first group were bonded without m&catim - that is, with the concave bump Surtace as 
mentioned in the previous quarterly report. The cards in the second group utilized a supplemental 
dispense of paste on the card for the purposes. of filling the concave surfhe of the deposits. A 
rudimentary standard was devised to judge the quality of the joints. The resistance of each joint 
without any deposit was calculated. This includes the card resistance along.with the chip 
resistance for each joint and is considered to be the theoretical minimum for a joint’s resistance. 
Ea& joint was then compared tu its theoretical minimam anct given a rating of “good”, “marginal”, 
or “poor” depending on the joint’s t-zero resistance relative to it‘s minimum. Roughly speaking, a 
joint which fell below 140% of it‘s minimum was considered good. A joint which f5U between 
140% and 180% was considered marginal and a joint resistance above 180% was considered poor. 
This standard was a posteriori in the Sense that the t-zero res iskm of many joints were reviewed 
and based on the “natural breaks” in their respective performances, the standard was devised. 
Therefore, few of the joints fill near the margins of their respective categories. 

Results for the tests can be seen on the next page. These results give the cumulative failure 
percentages fbr a m b e r  of categories after 2000 cycles of ATC, 1000 homs of T/H, or 1000 
hours of thermal aging, respectively. One can see the marked performance &rences between the 
variobs categories of joints. Overall, 4.4% of the “good” joints failed compared to 43.9% of the 
“poor” joints. Card 2 in group 1 saw 93.3% of it‘s joints fail while card 5 in group 2 saw no 
failures: Duetuthe unusual numberoffails from c a d  2, the validity ofthe resultsfromthat-card 
have been questioned. It is possible that the card was contaminated in some manner. Card 3 in 
group 1 was pulled after 400 cycles and therefore, results were nut availitble for that card. 
Overall, the tests show some promise for the material but the concave surEdce of the bumps (which 
produces p00rj~ht.s) must be addressed. 



Total cnrmrlative fiihrre percentage f%r each group after 2000~cycles A X ,  1000 hours T/H, or 
1000 hours thermal age: 

Totak PoorjointS: 43.9 
Marginal joints: 23.3 
Goodjoints: 4.4 

Poorjoints 
Mar. joints: 
Goodjointsr 

Group Card 
1 1 

2 
3 
4 
5 

2 1  
2 
3 
4 
5 
6 
7 

ATC T/H ThermAge 
42.9 4&.;0 62.5 
15.4 36.4 16.7 
5.6 5.3 0.0 

- Test 
ATC 
T/H 
ATC 
T/H 
ATC 

ATC 
ATC 
ATC 
T/H 
T/H 

T Age 
T Age 

Fail YO 
20.0 
93.3 
NIA 
6.3 
6.3 

37.5 
12.5 
28.6 
13.3 
0.0 
9.1 
31.3 



Objective: The objective here is to test the effect of Varions parameters suck a s  bump height and 
encapsulant on the t-zero joint quality. 

Findings: With the previous inhmation- regarding the @ m c e  of the joints based on their t- 
zero quality, an experiment was devised whereby chips were bonded to cards with mering 
conditions. A DUE was p d m d  with the fbllhg-predictor variables bump hi& bonding 
pressure, %ole fill method" (either supplemental dispense or bump flatten), and encapsulation 
method (either no encapsnlation, Mhhtmta * , or Hysol 4511). Results showed that the 
encapsulation process was very destructive to joint integrity with the most damage produced by 
45 1 1. It was thought that the low CTE of 451 1 relative to the PMC material created-z-axis tensile 
stresses upon cool down and that this was the dominant fiilure mechanism. Subsequent work did 
notsupportthistlrecny. 

A simple analytical model was constructed which showed that even with a CTE difference of 75 
ppm between the PMC and the encapsulant, the normal stress applied to the bumps would nut be 
large (less than 50 psi). A secund experiment was ~ n '  whereby chips.were bonded to glass. slides 
and encapsulated with five different encasulants covering a wide CTE range. Each encapsulant., 
regardless of CTE, wicked into the inkrfhce between the bumps and glass slide producing damage. 
This damage, of course, occurred while the encapsulant was sti l l  in a liquid state - long before 
CTE differences could be meaningfu€. It is thus believed that any imperfect connection between 
the bump and pad (such as fissures, cracking, etc.) along with the weak interficial strength of the 
material as detailed in the next section gives rise to&e encapsulant wicking phenomenon and 
makes it very difficult to achieve consistently good joints. This weak interfkcial strength, even if it 
doesn't lead to encapsulant wicking, gives rise to an adhesive hilure modewhich would open the 
door to defect-driven catastrophic hilure. Increasing the adhesion strength of the material in order 
to promote a "more forgiving" cohesive failure mode is therefore of primary concern. A m&ed 
version of the PMC will be discussed in the next section to address the issue of adhesion 
strengtldfiilure mode. 

_-_.. . .I_- 



Objectim Mechanicattestingisbeingusedto qnantifythebtdk-materia€ strength aswellas e e r  
properties which can be entered into fhite element models for various simulations. Controlled 
experiments can also be nmto stndythcef&cts ofvarious bonding conditions. 

Findings: Testing consists of 0.125” diameter pegs which are bonded together with the 
thermoplastic paste using a rapid heating bonder-fim UIC as-discussed m the previous quarterly 
report. After some early testing, a DOE was performed to investigate the effect of bonding 
temperatme andpressuxcas well as the of surface ronglmess ofthe pegs. Average failure 
stress was about 1100 psi. but a large standard deviation negated the possibility of statistically 
significant difkrences between the Varions subcategories. Two observations were made. FiTst, 
the failure mode was always adhesive (interfhcial). This is not good news from the standpoint of 
stress intensity concentrations and fktigue fidme. Second, there was a “starter crack” between the 
PMC material and the unscreened peg around the outside of the bond due to the slightly convex 
shape ofthe PMC as deposited on the screened peg. This gave a prefixed fiiilure site for the peg 
samples and probably resulted in the large standard deviation. 

A modithi version ofthe PMC was formuht.ed iu order tu increase the interfkcial strength. This 
material, along with the original, was used for a second round of tests. This modified version 
performed much betterthan the original with fiihrre stress levels well over 2000 psi. En addition, 
the failure mode was cohesive in nature. The standard deviation was st i l l  large due to the 
incomplete cwerage ofthe material with respect to the unscreened peg. This material has been 
used to photobump chips in the form of a wafer and after the wafer has been diced, the chips will 
be btrnded to cards to see how this improved interkcial strength will effect the e n c a ~ o n  and 

’ r&ability results discussed earlier. 



PASTE DEPOSITION PROCESS DEVELOPMENT 

Summary 
Objective: The objective of paste deposition process development effort is to identify the 
significant process variables as well as photoresists that influence deposit survival and flat 
PMC surface. Design-of-experiments(D0E) is the method used to determine the 
importance of each variable. 

Accomplishments: 

An 8 trial, 3 variable Design-of-Experiments(D0E) was run on a silicon wafer that had 
blanket metal deposition of palladium using the photobumping process. Dry film Riston 
4720 was used as the imagable photoresist. The thickness of photoresist was 0.004 inch 
obtained by double laminates of 0.002 inch resist. The hole diameters were 0.010" on 
0.020" pitch. The screening process had 21 Ibs injection head downward force, 14-15 psi 
injection feed pressure and 0.1 5 incheskec head speed. The variables included 
1. Expose Dose: 1 , 2 passes 
2. Develop: 1 , 2 passes 
3. Baking Temperature: 25 C for 24 hrs, 50 C for 0.5 hrs 

The response after stripping photoresist was deposit survival. The result from the DOE 
was inconclusive because samples number 2 and 8 had to be cancelled out. The resist 
stripper( NaOH) completely removed the deposits and resist. Some observations were 
made: 
1. S I  1 OOX is compatible with photoresist(Riston 4720). It gives 18%, 23% and 27% yeilds 

on sample## 3, 5 and 6 respectively. Sample# 1 , 4, and 7 missing 1-2 deposits. 
2. More deposits survived at  baking temperature of 50 C for 0.5 hr than room temperature 

for 24 hrs. Residual solvent after room temperature bake for 24 hrs may be the reason for 
poor adhesion. 

3. Expose dose and developing time seem to be critical parameters for resist via 
formation. Further study is needed. 
4. Deposits have a slightly flatter surface rather than concave obtained in DOE# 1. 

New types of photoresist with different chemistries were evaluated based on the results of 
DOE# 2: TI 68( solvent process resist), AX(semi-aqueous resist), and GA4O(aqueous 
resist). Four types of polymer metal solvent pastes(PMSP) included high filler and low filler 
version, Diemat and Staystik. The results showed that AX and high filler PMSP yielded 
perfect deposit survival and a flat PMC surface. GA40 photoresist gave similar results to 
Riston 4720. Low filler PMSP, Diemat and Staystik paste did not perform well in either 
GA40 photoresist or AX photoresist. No deposits survived the TI68  photoresist because 
the TI 68 stripper removed all deposits. Positive photoresist(Microposit SJR 5440) was 
evaluated. AI1 deposits survived, but it could not be made at  0.004 inch thickness. 



Further experiments were done on AX photoresist to determine the range for expose dose. 
Four levels of expose dose were 50,75, 100 and 125 mJlcm? The same pastes used in 

the previous experiment were used except Diemat was replaced with another high filler 
PMSP. Many conclusions can be made from this experiment. Both high level of expose 
dose and over develop give an excellent result in terms of deposit survival and flat PMC 
surface for the high filler PMSPs. The low filler level and high polymer content may be the 
reason for difficulty in stripping in low filler PMSP. Low level of expose dose gives deposits 
with poor shape due to the soft side wall of the photoresist. Riston 4820, which is in the 
same family as Riston 4720, was exposed and developed using the same condition as AX 
photoresist. The results showed that excellent deposit survival could be obtained with 
Riston 4820. A flat PMC surface could not be obtained, however. Based on the cross- 
section results of the over developed AX and Riston 4820 photoresists, less stress 
concentration at the base of deposit can be obtained with AX photoresist. Experiments to 
optimize the expose dose and developing time as well as surface modification of silicon 
wafer are in progress to obtain 100 percent deposit survival and flat PMC surface. 
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Overview and Summary 

The work by Universal during the 2496 timefiame continued to support the process and 
material property characterization testing being carried out by IBM, but the major 
Universal effort was concentrated in two general areas: 

Expansion of the scope of the Cost Estimation System for Flip Chip Attach 
Alternatives activity being carried out with the help of personnel fiom 
Binghamton University. 
Design, procurement, fabrication and assembly of the second generation 
laboratory testbed to support automatic alignment and bonding of ECA 
bumped Flip Chips. 

Work in these areas is designed to progressively expand the knowledge base and allow 
detepnination of the performance, cost and fhnctional requirements needed to provide a 
salable production equipment solution to the Electronics Assembly Industry for the use of 
the IBM developed Electrically Conductive Adhesive material. 

The level of effort expended by Universal this quarter significantly increased over the last 
quarter rate. The earlier project work using the benchtop testbed for material 
characterization testing and early process development established a level of understanding 
sufficient to allow design of the second generation testbed. 

As a result, an increased capability was designed into the second generation testbed to 
allow a wider range of process testing when the ECA bumped chips are available in larger 
quantities. 

Laboratory Test Support and Testbed Refinement 

Bonding tests carried out using the initial laboratory bench top tool showed that 
insufficient clearance had been allowed for material flow during the bonding of 
cylindrical test coupons. During the second quarter, additional refinements on the 
laboratory bench equipment were made to recti@ this deficiency, allowing the 
continuation of the material property characterization. Periodic usage of the 
Laboratory equipment by IBM personnel added to the knowledge base on the 
material and bonding process variables. 



Expansion of the Cost Modeling Activity 

The report on this phase of the activity is provided as an attachment at the end of 
this document. 

Second Generation Testbed Design, Procurement and Assembly 

The design and build of the second generation testbed was substantially completed 
during the second quarter. The status of the testbed assembly into an integrated, 
automatic bonding module (See Figure 1) is presented below: 

Element Status 

. *  

Optical Bench Frame Structure 
Electrical Cabinet 
Head Support & Overbeam Structure 
One Micron X-Y Positioning System (12 X 12 Travel) 
Positioning System and Head Controller 
Upward Looking Camera Assembly 
Upward Illumination System 
Downward Looking Camera and Illumination 
Vision Processor Engine 
Y-Axis Positioning Slide for Upward Looking Camera 
Board Support Thermode With VacuudAir Kiss 
Board Support Actuator 
Bonding Head With Automatic Theta Axis 
Automatic 2-Axis for Bonding Head 
Bonding Thermode With VacuudAir Kiss Capability 
Capability for Forced Cooling of Bonded Chips 
System Software 
System Pneumatics 

Complete, Integrated 
Design Not Started 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
Complete, Integrated 
In Design 
Complete, Debugging 
Complete, Debugging 

With the integration of all the major elements into the testbed, the current activity 
is focused on the debug, characterization and refinement of the testbed to support 
the bonding activity. As seen above, the s o h a r e  and pneumatics is shown in 
debug. This activity is being carried out by exercising the testbed, measuring its 
performance, and using that knowledge base to determine any corrective actions 
required to make it fblly suitable for bonding process characterization. 

An example of this activity is the assessment of the effectiveness of the Upward 
Looking Camera and Illumination System to properly locate the Flip Chips 
bumped with ECA material. As this assessment is carried out, changes are being 



made to the operating software to make the “User Interface” to the testbed easier 
to work with and to reduce the rielihood of operator induced error in the bonding 
process characterization efforts. 

The Electrical Cabinet design work has not started, as the importance of “nicely” 
packaging the electronics is of lesser criticality than the system debug and pilot 
usage of the testbed. It is expected that the electronics packaging effort will be 
completed in the third quarter, occurring in parallel with the utilization of the 
testbed to perform bonding process characterization. 

The provision for forced cooling of bonded chips has been provided for in the 
pneumatics and in the control system, but the details of mechanical attachment to 
the bonding thermode are yet in design. This is a hnction not originally deemed as 
necessary, and the hnctionality is being provided to allow determination of the 
need and/or benefit of having such a function during the bonding process. It is 
anticipated to be complete and integrated early in the third quarter. 

Focus of Third Quarter Efforts by Universal 

Completion of the testbed performance characterization 
Completion of Electrical Cabinet packaging 
Completion of Forced Cooling provision 

Utilization of the testbed for bonding process characterization 
Continuation of the Cost Model software activity 

. Completion of testbed system debug 



Figure I. 2nd Generation Conductive Adhesive, Flip Chip Bonding Testbed 


