Design and layout considerations
Bond Pads

Decide on the bonding technology and design the pad sizes to accommodate the technology chosen. 
Aluminum wedge wire bonds require that the bond foot is fully supported on the bond pad with both the heel and tail of the bond, this is true for all bond pads both on the chip and substrate. 
Remember if a larger wire can be used the system will be stronger, parameter windows will be larger and machines will run more smoothly. Consequently, production will run more smoothly. 

The minimum flat pad size for 25micron wire is 50 microns wide by 100 microns long. The length of the bond pad will largely depend upon the tool length and the width of the bond pad on the wire size. The normal tool length choice is 2-3 x the wire diameter. The longer the tool the wider the bond parameter window will be, but the more difficult to retain placement accuracy under the tool. 
For the purpose of this exercise assume a tool length of 50 microns (CERN Bondlab tool length).
	At CERN we use a fine pitch wedge, double side relief (Fig.1), Micro Point Pro - Wedge 4WFV4-1820-W7C-F00 (tool length of 50 microns, wire feed angle – 45 degree).
	

	
	


If one assumes 25 microns for the tail and 25 microns to accommodate the heel, we arrive at a pad length of 100 microns. It is of course possible to bond on a smaller pad and one can work on 70 micron for the absolute minimum length for a 50 micron foot length, but if one starts to include a polyimide layer on the chip surface of say 5-8 microns using a pad size smaller than 100micron can cause heel damage and greatly reduce the strength and longevity of the bond. 
A comfortable length is 125 micron and if polyimide is present on the chip surface a length of 140micron would make for a safer and more stable bond. 
The highest pull test values are seen at about 1.2 x the wire diameter, but it is possible that some lifts will be seen in this region of deformation due to surface imperfections, contamination and/or variability in bondability. 
For this reason, it is preferable to deform the wire to 1.4-1.5 x the wire diameter (Fig.2) to hopefully accommodate any variables without falling into the bond lift region (see Fig.3). 
So, one can imagine an ideal bond foot width of 38 microns. This gives us a 6micron error region either side of the bond foot, for a 50 micron pad width. The machines are not perfect and one can work on an ideal placement error of 3microns which will reduce the margin for error to 3 microns either side the bond foot. 
One can begin to see if a pattern recognition system is being used in a production scenario other errors will inevitably enter into the system. For a 40 micron pad width it would be wise to look at 20micron wire.
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Fig.1 Fine pitch wedge, double side relief 
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Fig2. Wire deformation vs wire diameter
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Fig.3 Bond pull strength vs. Deformation width or ultrasonic power
This all assumes that the pad surface is flat, repeatable and above all shows good bondability. Substrate pads can be a little less flat and less uniform and thus require a different tolerance. The same rules apply in so much as the pad must support the foot and, in the case of the second bond in a more normal high to low bond direction, the heel. The substrate pads should be flat. 
This is not always the case and many times the bond area on the pad is rounded. A rounded pad will reduce the bond foot weld area and a bond lifts could result. 
Now if we imagine the same weld on a rounded pad but this time not parallel to the pad we see the weld area is further reduced giving an even greater risk of failure. 
To this end the quality of the substrate pad and the layout complement each other. 
The layout should avoid bonds traversing a too narrow bond pad and the bond pads should be as flat as is possible. For a safe system one should aim for a minimum bond pad size of 90 microns width on the substrate. For all of the above comments it is assumed that the surfaces show good stable bondability. 
Note: both the surface morphology and flatness play a big role in the bond quality. If the pad is not flat or the surface is pitted the effective bond area will be reduced and as a consequence bond lifts could appear during pull tests. Parameters may need to be increased to give a 100% heel break situation which implies the bond system will only be as good as the pad with poorest bondability. 

The layout is encompassed in the bonding technology choice. Some important layout considerations are to avoid wire conflicts, wires crossing and pay attention to bond wire lengths and the ratio between the bondheight and the bond length. A ratio of 1:1 will produce a greater stress on the heel of the 1st bond in a conventional high to low scenario and as a consequence a weaker bond system. Below 1:1 the situation worsens. 
A good rule of thumb from personal experience is a ratio 1:1.5 to 1:4. In the Bondlab we are able to bond much longer bonds, we have achieved 30 mm, but this should not be considered as a normal application. One should optimize the wire length to give a stable and repeatable loop. 
Pay attention to the height of components in the vicinity of the piece to be bonded. This will be a machine dependant parameter, not all machines have the same clearance or the same wire feed angles. The range of machines on which the production is to be carried will therefore dictate the landscape of the piece.

Surface Metal Considerations

The metal surfaces used in the wire bonding process and their morphologies (Fig.4) are very specific, very easy to get wrong and are very easy to overlook. The scope and complexity of the systems and their processes makes for a huge topic. It is important to choose a bonding system which gives the best possible reliability in the projected experiment environment.
The most important factor is to evaluate the bondability of the surface, to ensure it allows the largest bond parameter window possible, is uniform in its characteristics over the whole surface on which bonding is to be carried out and that these characteristics do not vary from piece to piece. This evaluation is carried out using destructive pull testing.
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Fig.4 Surface morphology: insufficient bonding area contact on the right-side picture 

Pull Test

The pull test (Fig.5) is a method by which one can: 
· Evaluate the bondability of a surface

· Evaluate and find the bond machine parameter set up

· Qualify a surface for production

· Monitor the bond quality during the production (destructively and non-destructively)

· Evaluate the environmental impacts and longevity of the wire bonds during accelerated life tests and thermal cycle testing.

It is important to remember that a pull test result is related to time. The test result is valid at the time of the test. 
This does not give any guarantee of the longevity of the wire bond. 
The pull test used in conjunction with accelerated life testing and thermal cycle testing in the real environment will give an indication for the life expectancy of the wire bond system.
[image: image7.png]



[image: image8.jpg]



Fig.5 Pull test
Mechanical considerations.

It is a fact that the mechanical design has an impact on the wire bonds. Mismatches in the CTE of different materials may well lead to movement between surfaces stressing the wirebonds which could cause a catastrophic failure during temperature cycling. 
Cleanliness and Contamination  
Wire bond systems are affected by contamination (Fig.6). This can result in difficulties to produce a bond of acceptable quality, non uniform bondability during a series or even a catastrophic failure. This can make for serious problems if one is forced to change parameters during a production to compensate for changes caused by contamination. Changing parameters means the system is changed and any life testing or qualification testing which has been carried out becomes meaningless. Contamination can occur at all steps of fabrication. From the baths used to plate the metal surfaces to the hand which places the object on the jig ready for bonding, care should always be taken.
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Fig.6 Surface contamination
Accelerated Life Testing
Accelerated life testing allows the evaluation of an object with respect to reliability in a compressed time frame. 

High temperature burn-in. The object is subjected to a temperature stress which accelerates the ageing process. During the test, the device is powered as in normal operation at a temperature of 70 degC for industrial devices or 125 degC for a military device for 24 to 168 hours. This test will highlight faults such as wire bond defects and metallization imperfections.

Temperature Cycling. The object is subjected to alternating cold and hot temperatures. Examples of temperature ranges are -40 degC to 125 degC for industrial devices and -65 degC to 150 degC for military applications over 500 to 1000 cycles (JESD22-A104 Jedec Temperature Cycle test).  This test will uncover temperature dependant failure mechanisms such as wire bond defects, die attach problems, mismatch of thermal coefficients of expansion etc.
HAST (Highly Accelerated Stress Test). The object is put in an environment of 85% humidity at 131 degC for 96 hours (JESD22-A110 Jedec Highly Accelerated Stress Test). Moisture absorbtion borne problems or contamination problems should be accelerated in this environment.
Further test methods which may be used are Vibration, immersion, random drop test.
HALT (Highly accelerated Life Testing) and HASS (Highly Accelerated Stress Screening)
Are also test and screening methods. 
HALT is used as part of the new product design process and is typically performed on prototype or pre-production runs. During HALT testing, the product is subjected to increasing stresses until weak points in the design emerge. Failure modes are identified and analyzed, and the product design is modified based on the results of that analysis. 
A typical HALT test will take three to five days. 
HASS, on the other hand, is a production screen, and typically tests 100% of production units. HASS uses similar stresses to those used in HALT, but at lower levels based on the limits identified in HALT. 
HALT must be completed before HASS can be implemented; HALT is the most widely used of the two tests.
One of the most significant characteristics of HALT is that it is not a pass/fail test. The goal of the HALT test is to BREAK the object under test. There are no pre-established limits. The test concludes when product destruct limits have been reached or the engineers determine that no more useful information can be gained. A final HALT test report includes detailed data on the product's operating margin, destruct margin and design flaws, along with what the new margins will be if each of the design flaws is eliminated.

The HALT Test Method 
The stresses used in HALT are applied beginning with the least destructive and ending with the most destructive. A test sequence starts with cold step stressing and proceeds to hot step, rapid thermal ramps and vibration. It ends with a combined environment of vibration and rapid thermal ramps, dwelling at both temperature extremes. Other stresses include input voltage variations, loading, clock frequency variations and mechanical loading, if appropriate. Combining stresses will often reveal failure modes that individual stresses cannot. Specialised equipment is needed to perform the HALT/HASS test procedures. Some typical parameters capabilities are -100 degC to 200 degC with a temperature transition rate of 60 degC per minute. A Tri-axis vibration system with a frequency range of 2Hz to 10KHz. 
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