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Novel Glass Substrate for Minimizing Thermal Stress

Development During Electronic Device Packaging Process
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Glass can be utilized as a support or carrier substrate for large-size semiconductor
packaging processes owing to its excellent mechanical and optical properties. However, the
thermal stress caused by a mismatch between the coefficients of thermal expansion (CTEs)
of the glass and Si causes an unacceptable level of warpage during thermal processes.

To overcome this thermal stress issue, we have developed novel glass material with a
controllable CTE that can be finely tuned to suit a particular packaging process. In this
study, we report a series of glass substrates whose CTEs are controlled on the sub-ppm
scale in the range of 3.3-12.0 ppm/° C. In particular, a glass substrate with a CTE that is
perfectly matched with that of Si is developed.

To evaluate the effect of the CTE of glass on thermal stress, the warpage behavior of a Si
wafer bonded to a glass wafer was investigated both by numerical simulations and
experiments. The results of both approaches indicate that even a small CTE mismatch can
cause an unacceptable level of warpage during thermal processes. Thus, control of the CTE
of glass on a sub-ppm scale is essential to address the problem of warpage due to thermal
stress in large-size packaging processes.

The series of glass substrates whose CTEs can be precisely controlled over a high range
are useful when the packaging process utilizes a large amount of resins, such as the Fan-Out
wafer-level packaging process. The glass substrate with a Si-matched CTE is suitable for
processes in which the glass is in direct contact with Si. For example, this material can be
applied in Si back-grinding processes or through-glass-via formation technologies.
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Fig.1 Schematic illustration of a typical WLP. Backgrinded
Si wafer needs support substrate.
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Fig.2 Schematic illustration of a typical FOWLP process
(RDL-first). “RDL” stands for redistribution layer.
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Table 2. Glass carrier CTE line up for Fan-Out WLP
(Some of the glasses are under development).

CTE [ppm/°C] Glass type | CTE range
3.3 Non-alkali Si A Suitable for
3.6 Non-alkali matching low portion
4.6 Non-alkali of resin
5.6 Non-alkali Low
5.8 Non-alkali
6.8 Non-alkali
7.3 Non-alkali
7.8 Alkali containing
7.8 Non-alkali Middle
8.1 |Alkali containing]
8.2 Non-alkali
8.3 |Alkali containing]
8.9 |Alkali containing]
9.0 Alkali containing]
9.6 Alkali containing  High Suitable for
10.5 |Alkali containing v high pprtlon
12.0 [Alkali containing of resin

Table 1. Several properties that have impacts for packaging process.

Category Effects

Improving strateqy

| Resin ‘ Metal

| Glass

Stiffness $:$$§nal =00 Higher elastic modulus Good Poor Good
Strength S;E:tkrg?: o Higher strength Good Poor Good
Heat resistance | Deformation ::g:z: ?rﬁ?l:‘sl{gt;raplﬁ:ion potrt Good Poor Good
CTE matching Warpage Easier to adjust Good Poor Poor
dCL:]reriiI?t?I Eg?;:g;ﬂg;ggi Higher chemical durability Good Good Average
Sgrttisc.::ittan - UV debonding Higher transmittance Good GPoc?c?rl Poor
Flatness it;gf rEconsiiicicd Higher flatness Good Poor Average
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Fig.3 Comparison of CTE between Si and typical non-alkali
glasses (Glass A and B) and newly developed glass
(SWAN310).

(a) CTEs of Si and glasses.

(b) CTE differences of glasses from Si substrate.



Table 3. Mechanical and optical properties of SWAN310.

SWAN310
Young's modulus, £
[GPa] 85
Rigidity modulus, G
[GPa] 34
Poisson ratio 0.24
Density, p
- 2.47
Specific modulus, £/p
[GPa/(g/cm’)] 34.4
Transmittance o
at 400-800 nm [%] | OVer 91%
Photoelastic constant 28
[(nm/cm)/(kg/cm?2)] :
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Table 4. Parameters used in this study.

Structure parameter

Wafer diameter 300 mm
Si thickness 775 pm
Adhesive thickness |5 pm

Glass thickness 700 pm

Temperature parameter
150, 200, 250 °C
20°C

Bonding

Warpage evaluation

Table 5. Materials property used in this study.

Glass A | Glass B |SWAN310
wromore pomec| 356 3.28 3.14
Young'? (?})c;?ulus, E 76 73 85
Adhesive | Silicon
@2(;3351%:6 [i:riPC] 85 3.14
Young'? ({’Ill)(;?ulus, E 35 131
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Fig.4 Simulated deformation patterns of Si wafers bonded
with Glass A, B and SWAN310. The bonding tempera-
ture was 200C .
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Si/glass laminated wafer.
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