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Manufacturing generic PFBs at a commercial

Repeatin% pick-and place process
foundry using advanced CMOS nodes

and knit all the required PFBs

32/67
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3500

Testing if PFB is a good known die or not \_-3510

#

Testing if CMD is a good known die or not 3520

'

Knitting good known PFBs and assemble good
known CMD on knitted PFBs to realize \_-3530
complete SoC

i

Testing complete SoC 3540
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5000

:WidthpFB

A

Planes of symmetry

widthprg

Pboundary = 1 atm
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5100

N D

1. Attime =0, gappFBToSubstrate = thicknesssacrificialLayer

|

2. When pressure in the gap is ~1atm, raise the PFB to twice the current gap value,
—! in a Atime ~ timeparefaction®2 AS the volume correspondingly expands to twice the
original value, the pressure in the gap drops to 1/2x 1atm®3, which is the Pgap™".

|

3. Start the DSMC simulation at this point to calculate imepressyreEqualization- The
volume-averaged pressure, avg(pgap). is used as an indicator of the status of
pressure equalization in the gap. For the current set of simulations, an avg(pgap) of
0.98atm is used to signal pressure equalization®4.

Y

4. Once pressure has equalized based on the definition above, go back to 2. and
L repeat the process until a preset limiting gap value is reached. As the gap is
increased, a suction-ensuring motion plan emerges.

FIG.51
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N P

1. Attime = 0, 9apPpFBToProductWafer = Initial gap

|

—-

2. When pressure in the gap is ~1atm, drop the PFB to half of the current gap value,
in a Atime ~ timeyarefaction- AS the volume correspondingly contracts to half the
original value, the pressure in the gap increases to 2atm.

Y

3. Start the DSMC simulation at this point to calculate timepressyreEqualization- The
volume-averaged pressure, avg(pgap), is used as an indicator of the status of
pressure equalization in the gap. For the current set of simulations, an avg(pgap) of
1.1atm s used to signal pressure equalization.

Y

4. Once pressure has equalized based on the definition above, go back to 2. and
repeat the process until a preset limiting gap value is reached.

FIG.55
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-
Section of a fab processed bulk Access hole etch
silicon wafer (with circuit elements depthnole > 0.5 X pitchygle

shown at the top)

I
|

Encapsulation layer coating

{

Opening up encapsulation layer at
IOthe bgottgm of tﬁe access hyole

Porous silicon oxidization Silicon anodization

FIG.57
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N —

Section of a fab process bulk
silicon wafer (circuit elements
shown at the top)

Thin dielectric layer coating and
patterning of metal pads on top

/

Access hole etch

'
=

Encapsulation layer coating

Opening up encapsulation layer at
Fhe b(?tto?n of th% access hgles

Silicon anodization with the metal

pads at a suitable voltage
FIG.58

SUBSTITUTE SHEET (RULE 26)



~100mm

WO 2020/051410 PCT/US2019/049875

60/67

Chromium Encapsulation layer (SU-8)

1 A

.

i

layer of
yCr
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6100

Force on piston head = F
(this includes force due to
atmospheric pressure from the top)

l

)

Rressure =p I a

, = Y :
Volume = VA, micron-to-sub-micron-scale)

Area=A

FIG.61
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