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Three-dimensional Integration
Demands Multi-dimensional Test
and Inspection Strategies

Three-chmensional (31} integration 15 becormng a reahty. It
allows closer couphng between rmeroprocessors and graphics
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need. It helps the accelerometers, rmorophones, and other
MEMS devices in the newest smartphones to fit insnde a shm,
pocket-fmendly form factor. It reduces corcuit board ares and
cuts signal transtission omes.,

But how do you make it all work? Each layer of a 31 stack
represents another device to test and another layer—to-layer
bond that must be ﬁuFFn:i.pnt]y untform and cu:rrr?n;t]y ;]i.g'n ed
A bad bond can mean that all of the wafers in the stack have
to be scrapped. Bullding a bad memory
chip into a stack mmght mean that the
underlyving processor 15 lost, too.

As Paul Lindner, EV(Gs executive
tl:l:]'mcﬂ[:-g!.r director, txp]ﬂin:d, TIEny
wafer-level integration schemes require
both temporary and permanent wafer
bonds: between a device wafer and a car-
ner substrate or between the device wafers in a stack. Each
of these bonds requires a umform adhesive thickness wath no
vonds and mimmal warpage.

The approach EVIG recommends depends on sihcon car-
rier substrates. These are readily available, well-characterized,
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ties as the sthcon device water. They are, however, opaque to
the optical measurements usually used for bond mebology.
Instead, the company’s Germim fully-automated bonding
systen uses infrared to measure the thickness of the adhesive
layer. The systemn scans the entre wafer and can inspect 45
wader honds per hour, fast enough for 100% 1nspecton.

Infrared i'maging 15 also useful Fcrr]ithcrﬂ'mphm. I the wvia-
last process flow typically used for tmage sensors, the through-
sihcon-via (TSV) mask must ahgn to the bonded interface,
which means the aligner must be able to see it. Lindner smd
that EVG has demonstrated 1-micron ahgnment between
the front and back sude — more than adequate when these
TS5V are typacally 20 to 50 rmcrons across. The ahgner uses
reflective IR rmcroscopy to see through the silicon carner
wafery, ransmissive rmoroscopy can be difficult becawse of
the presence of domng vanations and surface metalhzabon
on the device wafer.

While bond metrology can help ensure a good mecham-
cal and electrical connectuon between two stacked wafers,
15 up o final test to make sure that the two devices actually
funcnon as a unit. Unfortunately, as Microprobe CEO Make
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Test for 3D will
resemble the sampling

seen in front-end
inspection.

Slessor explaned, 100% testing of every chpin every stacked
madule 15 simply not feanble. Each device may require a &f-
ferent test strategy. Indeed, since indiadual component die
may come from different fabs yun by different compames,
the test strategy must span the entire supply chain,

Just as the purpose of wafer sort 15 to avend the expense
of packaging non-funcrional die, Slesor said, the purpose of
testing component die is to lirmt costs at the 310 integration
stage. For example, 1n a stack contumng both memory and
a TMoroprocessor, the microprocessor represents most of the
cost. It therefore rmght make sense to test the memory devic-
ey more exhaustvely to avond the los
of 2 good processor. Mot all examples
are so straightforward, though, Often,
the individual component die are all
complex. In such a case, the pre-bond
tesnng mght need to resemble more
comprehensive final testing, rather than
wafer sort-style screemng.

Slessor expects that the test srategy for 30 inegrated
devices will come to resernble the kand of sampling model
seen 10 front-end wafer inspecton. Manufacturers will need
to deterrmne the ROI and buld a business case for ther test-
ing strategy, making sure they test just enough to rmnirmze
post-packaging faolures. As a result, he snd, the rise of 312
integration will not necessarily produce a surge in test equap-
ment sales. Rather, the distnbuton of test and measurernent
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A 3D module suppher rmght test externally-sourced
components cifferently from those of its own fab. Accord-
ingly, Microprobe’s probe card archatecture allows testing at
multiple ponts 1n the process flow. By changing the probe
op design, the same card design can be used for probing
on under-bump metallization, on copper pillars, or on sol-
der caps. Copper pillars in particular are rapidly becormng
the most popular fip-chip aachment method: Microprobe
announced Tuesday (July 12) that they have shpped more
than 1000Vx and Mx verncal MEMS probe cards for copper
pillar apphcatons.

For both test and inspection equiprnent, it’s clear that 212
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the walls of the wafer fab. Sessons at TechXpot North Two
will look at packaging and test isues associated with 21
integration. On Wednesday afternoon in particular, the Test
in Transinion sesson exarmnes test strategies and technologes.

- Kathering Derbryshirs
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