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Shortened Abstract: Increasing demand for higher data rates in data centers is driving efforts to produce
single-mode optics, which substantially improves the commonly used infrastructures. However, the fiber
coupling to photonic integrated circuits (PICs) is currently a bottle neck. The optics needed to link optical
fibers to PICs are sub-millimeter in size and call for extreme precision both at the manufacturing as well as
the assembling stage. Using glass instead of plastic optics in-creases the optical performance and therefore,
the transmissible data rates but results in higher production costs.
Fraunhofer IPT and partners developed an innovative, efficient glass fiber coupling technology based on the
replicative process of glass molding. To fabricate the fiber couplers, two different glass molding
technologies were explored and compared: The highly precise, but slow isothermal process of precision
glass molding (PGM) and the more efficient, but less precise non-isothermal glass molding (NGM). A scale-
up strategy has been developed which is based on a wafer-scale approach.
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5 µm

A method and production technology for cost-and
transmission-efficient and realization of single-
mode fiber coupling to PIC has been successfully
developed. Functional field test show a insertion
loss of < 3 dB

Fiber coupling shall be realized by using molded glass-optical
systems. This allows 90°-beam deflection (reducing
construction space) and passive alignment (cost reduction)

PIC

Lens Optical 
fiber

Mirror

<
 3

 m
m

PIC

Marker for
passive 

alignment

PIC

C
o
u
p
le

r

Optical 
fiber

Light source 
(e.g. VCSEL)

< 500 µm

Push rods

Connector tube
(force transfer)

Oven

Upper mold

Lower mold

Spring

Shift 

0

100

200

300

400

300

350

400

450

500

550

Po
si

ti
o
n
 P

re
ss

 A
xi

s 
[m

m
]

Te
m

p
er

at
u
re

 [
°C

]
Time [sec]

Temp. Lower Mold [°C]
Temp. Upper Mold [°C]
Position Press Axis [mm]

0 50 100 150

Glass molding process

2mm

250 µm

Wafer-scale approach

Coupling lenses

video
microscope

algnment
lens

side
camera

Form accuracy:
PGM < 1 µm
NGM < 10 µm

Fully automatic assembly with
position accuracy of < 1 µm 
was developed and tested
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Typically, single mode fibers are coupled vertically to the PIC 
plane. Due to the min. bending radius, large amount of
construction space is needed. Also cost-intensive active
alignment for fiber-to-chip coupling is needed.

Besides the conventional PGM, a non-isothermal glass
molding process was developed at IPT, whcih is less
precise, but allows lower production costs and higher
production volume (10x shorter cycle time). Glass molding
was conducted on wafer-scale.


