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Abstract

In highly demanding applications, there is a dramatic rise in the requirement for high-performance materials which can
handle very high transmission rates (>2.5Gbit/s) with the lowest possible losses and without errors. At the same time,
there are increases in the connection density and the heat introduced into the PCB because the electric components
are constantly becoming more powerful.

Against this background, PPC Electronic AG and ISOLA AG have joined forces to work together on developing a
multilayer laminate which offers virtually ideal prerequisites for future applications thanks to its base material: thin glass
films instead of glass fabric. The special distinguishing characteristic of this thin glass laminate is its extremely low
dielectric loss factor "tan d" and the very homogenous material properties, which is decisive for troublefree transmission
of high-speed signals. Another outstanding attribute of the material is its low linear coefficient of thermal expansion
CTE, which is in the same range as ceramic (4-6 pm/K). This makes it feasible to mount the semiconductor chip
directly on the board without any additional auxiliary equipment (Direct Chip Attach), opening up new, lower-cost
possibilities for system integration of PCB's in the future. To mention one example, these include BGA substrates, on
which the contact layer could consist of thin glass laminate - forming an ideal transition to the PCB in terms of
dimensional stability and thermal conductance.

Other attributes which complete the picture of this exceptional laminate include its good thermal conductivity and
resistance, as well as the fact that it may be described as totally environment-friendly (with no flame-inhibiting
substances).

The processing parameters that are already familiar for the FR4 (drilling, pressing, back-etching and through-plating)
only require slight adaptations for the thin glass laminate.
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The advantageous properties of E-glass — particularly its low thermal expansion a and very low dielectric
loss factor tan d — have hitherto only been incorporated into laminates in the form of glass fabric. The
glass content of such constructions lies between 40 and 60 % by weight or between 27 and 45 % by
volume. Much higher glass contents would be advantageous so that the favourable thermal and dielectric
properties of the glass can be utilized more effectively. This cannot be achieved with glass fabric,
however, for at least the free space between the filaments and the fabric mesh must be filled with resin,
thus resulting in the aforementioned percentages by weight and volume.

One highly promising solution to this problem could be found in thin glass sheets between 30 um and
1000 pm thick, such as those produced in very good quality by Schott Displayglas / Germany.
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The Thin Glass Laminate

Source: Schott Displayglas GmbH

e CTE(Xy)=7ppm/K
 tan d =0.001 - 0.006

* TgGlass=662°C
TgResin =150° C

e Therm.Conduct. = 1 W/mK
¢ Environment-Friendly
¢ FR4 Process Compatibility

* |sotrope Material Properties
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In close cooperation with Isola in Diren, Germany and the Fraunhofer Institute for Reliability and Micro-
integration in Berlin, we have been able to integrate thin glass sheets into base material as a reinforcing
element. With the aid of RCCF or thin prepregs and copper foils, Isola has been able to produce single or
double sided clad laminates which are then processed further using conventional multilayer technology.
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The advantages of these thin glass laminates are illustrated again in the following diagram:
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Thin glass laminate vs. conventional laminate

100 p thin glass 1x 2165
2xresin 50 % RC
=
S
Vol %resin 28.8 64.8
Vol % glass 71.2 35.2
e 551 4.64
tand 0.001-0.009 0.025
ay 7 ppm/K 15 ppnV/K
ay 7 ppm/K 10 ppm/K
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The glass content in percent by volume is twice that of a conventional laminate of the same thickness.
The corresponding effect on the loss factor tan d and the coefficient of thermal expansion a is significant.
The dielectric constant epsilon naturally increases as a result of the larger glass content (epsilon glass =
6.5). This higher epsilon is perfectly acceptable, however, since the product of epsilon and tan d enters
into an exponential relationship when calculating the electrical attenuation for high-frequency applications.
Such thin glass laminates are converted into multilayers in more or less the same way as conventional
glass-fibre-reinforced laminates.

Parameters for drilling holes mechanically have been compiled in cooperation with the drill manufacturers.
Holes can be plated through on conventional PTH production lines to yield reliable copper barrels.

Drillingand PTH

Thinglass 100 pm
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It goes without saying that micro-vias can also be drilled into thin glass laminates using laser technology.

Thinglass Multilayer Construction with pVias

ICHIP Direct Attach DCA|

Thinglass

Thinglass

ICHIP Direct Attach DCA
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In keeping with the properties of thin glass laminates, interest focuses on three application areas:
High frequency
Chip size packaging
Optoelectronics

Outstanding dielectrics for RF transmission with

> 2.5 Gbit/s have demonstrably been achieved in combination with thinner layers of high-grade resin
systems. The low loss factor tan d and exceedingly homogeneous structure of the dielectric are decisive
advantages. Thin glass laminates can be incorporated into the multilayer in any position. Several plies
are also possible so that interesting designs, such as RF chambers, can be realized.

Cross Section through Thin Glass Laminate

Ground

Thin Glass Vi ElEEs

Signal
Thin Glass
Ground
Drilled and plated through hole

RF-Chamber with Thin Glass Laminate of Thin Glass L aminaten in a
multilayer stack up
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The slight, totally isotropic expansion additionally comes to bear when thin glass is integrated into the

outer plies of the multilayer, thus establishing one of the essential prerequisites for reliable chip size
packages.

Thinglass Board CTE (4 - 7 ppm/°C)

Thin glass naturally also contributes to lower expansion in the z axis: the isotropic characteristic applies
not only for the x and y axes, but also for the z axis.

HF Material (tan d = 0.001) High frequency material

m CTE (4- 7 ppm/K) High Reliability, Direct Chip Attach,
isotrope expansion

m — Tg(662°) Stable also for high temperatur e soldering

m — FR4 Compatibel Standart FR4 PCB Equipment can be used

m - 1W/mK High thermal conductivity (FR4: 0.3 W/mK)

m — Green Material Environmental- friendly UL-VO construction

possible
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Another point which must be mentioned is that thin glass laminates have a higher thermal conductivity
than conventional laminates, as well as greater thermal stability — two important properties for more
effective management of ambient temperatures and dissipated heat.

PPC Electronic OPTOBOARD® Technology
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Before long, the steadily increasing speed at which signals are transmitted and the associated demand for
greater signal integrity will make it necessary to develop new transmission concepts to replace copper
conductors. Planar waveguides for transmitting optical signals are certainly one highly promising
possibility. Thin glass laminates are therefore also of particular interest for these applications. Even very
long planar waveguides made up of thin glass are highly permeable to light.

Research and development activities involving thin glass consequently focus on the large backplanes on
which optoelectronic transmission will no doubt be realized first.
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Construction with Thinglassfor Electrical
High-Speed Signals

Multilayer Construction
Plated Through Holes

UVias Laser drilled
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Expansion Behaviour of Base Materials

Low x/y - axis Expansion Low z - axis Expansion
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joints
o
Substrate High Expansion Low Expansion

wor st case: cracksa. landlifting

Thinglass Technology eectronica02 /P.Weber © Copyright PPC ELECTRONIC AG/ISOLA AG Page 14

In a nutshell, we may conclude that the familiar advantageous properties of glass — namely the low loss
factor tan d, the low coefficient of thermal expansion a and the high permeability to light — can only be
optimally utilized in circuit boards through the use of thin glass laminates.

isola isola
BGA Layup-Proposal CSP Layup-Proposal
Epoxy Overmold
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CTE - Influence on Attachment Reliability
CTE - Influence on Attachment Reliability

Chip (Silicon Die): 2.3ppm/°C

Epoxy Overmold: 15-17 ppm/°C Chip 2.3ppm/°’C
Carrier (BT/Glass): 15-17 ppm/°C Thinglass L aminate 4-6 ppm/°C
Carrier (Thinglass): 4-6 ppm/°C Copper 17 ppm/°C
Thinglass Laminate: 4-6 ppm/°C Core High Tg FR4 (15410) 11-13 ppm/°C
Copper: 17 ppm/°C
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