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Flex1ble and Embedded Packaging of Thinned Silicon Chip
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Abstract: A flexible packaging scheme, which includes chip packaging, has been developed using a
thinned silicon chip. Mechanical characteristics of thinned silicon chips are examined by bending tests
and finite element analysis. Thinned silicon chips (t<30 um) are fabricated by chemical etching process
to avoid possible surface damages on them. And the chips are stacked directly on Kapton®ﬁlm by thermal
compressive bonding. The low height difference between the thinned silicon chip and Kapton®film allows
electroplating for electrical interconnection method. Because the ‘Chip’ is embedded in the flexible
substrate, higher packaging density and wearability can be achieved by maximized usable packaging area.
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Fig. 1. Wearable system by conventional portable device
(MIT Smart Vest)

(a) Embedded chip packaging (ECP)
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2. Fabrication Process

2.1 Silicon thinning
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- Polymer Substrate

§ Thinned Silicon
L - Interconnection

(b) Multi-level ECP

Fig. 2. Embedded chip packaging scheme: thinned chips in multi-layer board.
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Fig. 3. Flexible thinned silicon wafer and die.
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{b) Mounting device wafer on carrier by adhesives
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(c) Wafer thinning
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(d) Detach thinned silicon chip

Fig. 4. Schematics of wafer thinning process
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2.2 Die attaching and Interconnection
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Fig. 5. Flexible chip and board.
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3. Results and Discussion
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(a) Flexible chip package

v: deflection of beam, x: curvature, p: radius of
curvature,
M: bending moment, E7: flexural rigidity
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Fig. 6. Model feature of flexible package and normal chip package.
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Table 1. Mechanical properties of silicon, Kapton® and copper’®

Youngs Modulus(GPa)

Poisons Ratio

Fracture Strength(GPa) Yield Strength (MPa)

Silicon 120 0.22
Kapton® 123 0.36
Copper 34 0.34

1.3 -

- 320

Table 2. Geometry of normal chip package model

Width (mm)Height (mm) Thickness (um)

Silicon chip 5 5 300
Kapt0n® film 7 7 30
Copper bump 0.2 0.2 100

Table 3. Geometry of flexible package model

Width(mm) Height(mm) Thickness (Lm)

Silicon chip 5 5 30
Kapton® 7 7 30
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Fig. 7. Numerical analysis of flexible package model.
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3.2 Numerical Analysis of Normal Chip Package
A 97149 frdd e YF) A vl

Hdes durEQl 71 71es ol &3 BEo
dojrol A © Ao thak a4 e 8
&3t} Fig. 82 Fig. 6b9 22 2 9S50 mm2)

Microelectronics & Packaging Society Vol. 11, No. 1 (2004)



MPad] E u}o

(/)

3.3 Bending Test
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Fig. 8. Stress distribution of normal chip package model
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Table 4. Calculated fracture stress based on measured 8,

Measured &, pcby

bending test i t ( ) Calculated 5, 5)( p

: op (MPa)  (mm) (mm) (mm)

25 739 1.864 2.01 3.613

40 846.37 1.365 1.18 6.107
Calculated 3, pe Caleulated o7 80 841.84 0.828 0.31 10.689

by numerical analysis b by numerical analysis
based on o of d v e meast
initial desig: value " dgtl)ow:re o 100 807 0.606 02 11.502
=1GPa
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Fig. 10. Flow chart of measurement.
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Fig. 12. Radius of curvature based on measured displace-
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(b) Thickness: 100um, p: 11.502 mm

Fig. 14. Optical images of silicon sample at fracture.
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