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Abstract—In this work, we present the realized versatile 

hermetically sealed sensor packaging platform based on glass 

interposers which is applicable in industrial metrology, MEMS, 

photonics, life sciences and process automation application, among 

others. The sealed glass package can include passives and different 

active devices (radar, pressure, infrared sensors, etc.). Glass is 

used because it offers ideal properties for such a package by 

providing excellent chemical resistance, mechanical strength, 

advantageous RF characteristics and low costs. The capabilities of 

the platform are demonstrated in form of a radar level sensor 

which is operated at 160GHz. The level sensor includes our sensor 

packaging platform with an integrated SiGe ASIC and an RF port. 

Due to the hermetic sealing of the ASIC inside, it is possible to 

utilize the package in hazardous environments, in this case in 

chemical microreactors. The package only measures 5.9 x 4.4 x 0.8 

mm³ and uses TGVs (Through-Glass Vias) in this miniaturized 

sensor systems as vertical DC and RF interconnections with low 

parasitics which leads to low losses, while maintaining hermetic 

sealing. The performance of the TGVs regarding their reliability 

and their RF capabilities was investigated before and showed 

superior properties with less effort for fabrication. In this paper 

we will focus on all aspects of the final package with a fully 

functional radar ASIC inside. We consider the processing chain 

based on wafer-level processes, design and simulation, the analysis 

of the realized radar sensor demonstrator as well as the 

characterization and evaluation of the final package regarding 

reliability and hermeticity. The glass interposer processing steps 

and all the challenges which had to be solved for the via formation, 

the TGV filling and the hermetically sealing of the two interposers 

with the ASIC inside will be highlighted. The characterization and 

evaluation of the novel demonstrator system will consider RF 

performance, radar characteristics, reliability and hermetic 

sealing of the glass package 

Keywords—Through Glass Via; TGV; LIDE; Interposer; 

Hermetically; Reliability; Balling; Solder; SAC 305, Radar, Sensor, 

radio-frequency;  

I.  INTRODUCTION 

The TSV-technology has been a well-known process in the 

semiconductor industry for many years. Due to some superior 

properties of glass and the improved capabilities to fabricate 

through glass vias (TGV) and cavities with modern 

technologies like Laser Induced Deep Etching (LIDE) glass 

interposers and TGVs are now more attractive for 3D 

packaging. Glass can be tailored for to the requirements of the 

application therefore various glass types with different 

characteristics can be directly purchased from material 

suppliers. Compared to silicon, glass offers a high optical 

transparency for a wide range of wavelengths, it is an excellent 

electrical insulator and is well suited for high-frequencies 

applications due to its low loss tangent and permittivity [10]. 

Glass can be fabricated with different coefficients of thermal 

expansion (CTE) which makes it a great material to be used for 
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a hermetically sealed package for high frequency applications 

combined with ASICs made of silicon. In past publications, 

important intermediate data was already presented. This 

included realization and reliability of the TGVs, the high 

frequency design and simulation as well as hermetic bonding of 

two glass wafers with CuSnAg solder. In this paper we will 

present the realized versatile hermetically sealed sensor 

packaging platform. To demonstrate the capabilities of this 

platform a radar level sensor for harsh environments has been 

fabricated. The final package after dicing will only measures 

only 5.9 x 4.4 x 0.8 mm³. Figure 1 shows the concept of the 

final package. 

 

 

Figure 1: Packaging Concept (see TABLE I for part description). 
 

In Table 1 an overview of the parts which are numbered in 
Figure 1 can be seen. 

TABLE 1: COMPONENTS OF THE PACKAGE 

See 

Figure 

1 

Parts of the package 

Material 
Thickness 

µm 
Diameter 

1 

Glass wafer with alignment 
features for No. 5 

200  

2 
Glass interposer with mounted 

ASIC and 160GHz antennas 
100  

3 
Glass interposer with 250µm 
deep cavity to house the ASIC 

430  

4 PCB   

5 Dielectric Waveguide  1x1mm 

6 AuSn Solder  40µm 

7 CuSnAg Solder  80µm 

8 TGVs  80µm 

9 BiSn Solder  160µm 

 

II. EXPERIMENTAL 

In the following paragraphs, the steps which are necessary to 
create such a package are described, starting with the design and 
simulation phase of the package based on the concept shown in 
Figure 1. 

A. Design and Simulation   

From material characterization using ring resonator structures 

[16] and filled waveguides it is known that, glass offers 

advantageous properties for RF integrated circuits in terms of 

low dielectric loss (tanδ=0.01) und permittivity (ε_r=4.32) at 

160 GHz. By integrating a radar MMIC in flip-chip topology, 

the integration density is increased with all interconnects 

integrated in the package. Therefore, transitions are developed 

for the connection of low frequency signals up to 40GHz from 

the PCB to the ASIC. The renunciation of bond wires reduces 

parasitic inductive influence on the ASIC connection in the 

complete package. For radiating the radar signal out of the 

package, two concepts are developed. One concept is using a 

dielectric waveguide of highly flexible HDPE material so the 

high frequency signals can be distributed with low loss to 

remote antennas or locations [15]. Another approach is the 

direct radiation of the radar signal using a planar holographic 

antenna.  

All the material data and the high frequency behavior of the 

transitions, waveguides and antennas is simulated and verified 

on separate test wafers to create a final package design which 

implements all the properties to house the radar ASIC and is 

able to carry high frequency signals with low loss. 

 

B. TGV / Cavity Generation   

To create the necessary parts for the package, in particular the 
structured glass components 1, 2 and 3 shown in Figure 1, micro 
structuring of glass is carried out using the LIDE® (laser 
induced deep etching) process developed by LPKF Laser & 
Electronics AG. It consists of a laser modification, in which laser 
pulses are used to modify the properties of a small glass volume 
along the entire thickness of the panel or wafer, followed by a 
chemical etching step that predominantly removes the modified 
portion of the glass. A single laser pulse is sufficient to modify 
the whole thickness, at each defined position. Typically, no 
ablation of the glass takes place, so no glass material is removed 
during the laser step. The second step, wet-chemical etching, 
uses a hydrofluoric acid-based solution to etch the glass. The 
glass volume modified in the first step is removed very quickly, 
after which the glass continues to be etched isotropically, 
enlarging the initial microstructures. In this way, through holes, 
blind holes, cut-outs, grooves and cavities can be created. 
Cavities are created by placing blind holes close together so that 
they merge during etching. Accordingly, the bottom of the 
cavity shows a characteristic microstructure that is mainly 
determined by the distance between the individual laser 
modifications and the etching time. 

Three different layouts are processed with LIDE in SCHOTT 
BOROFLOAT33 glass: 

1. Blind Vias 20 µm diameter, 135 µm deep, in 500 µm 
thick glass used for part no. 2. 

2. Interposer V-Shaped Vias (80/50 µm) and cavities 300 
µm deep, in 500 µm tick glass used for part no. 3. 

3. Guiding Top Wafer with cutouts to attach used for part 
no. 1. 
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After the fabrication of the glass wafers, the different sized 
TGVs are metallized. This is described in earlier publications 
[2], [11]. 

C. RDL&Balling  

The glass interposer containing cavities and filled TGVs are 

then further processed on the top and the bottom side of the 

wafer. Metal structures on both types of interposer are built up 

by sputter coating a thin seed layer of 50nm titanium and 250nm 

copper followed by applying and structuring a photoresist. The 

traces of the redistribution layer (RDL) and bond pads are then 

created by electroplating of 3µm copper. After resist removal 

and seed layer etching polyimide is used to passivate the traces 

and to open copper structures acting as bond pads. The copper 

bond pads are chemically activated with palladium, and a 

solder-able under bump metallization (UBM) of 4µm nickel 

and 50nm gold is electroless deposited. After structuring the 

first side of the bottom interposer a UV removable tape is 

applied and the process is repeated to structure the second side. 

The aluminum bond pads of the ASIC are also chemically 

activated and coated with a 4µm nickel and 50nm gold UBM. 

Laser assisted sequential solder ball attach is then used to place 

50µm SnAu solder balls on the top interposer necessary to 

attach the ASIC to the interposer. This is done using PacTech’s 

SB2 laser jetting tool. The tool singulates solder ball preforms 

and transfers them into a ceramic capillary. Inside the capillary, 

a NIR-laser induces thermal energy and liquefies the solder 

sphere. The liquid droplet is then expelled out of the capillary 

by supporting N2-pressure. The same tool is utilized to place 

80µm SAC305 solder balls on the I/O pads and the ring pad, to 

hermetically seal the interface between both wafers, of the 

bottom interposer. For the ring pad, a small pitch of 85µm 

between the solder balls create a continuous layer of solder 

material which is necessary to achieve a hermetically sealing of 

the package after bonding. To maintain a defined distance 

between the two interposers during bonding also 80µm 

SAC305 solder balls with a 40µm copper core are placed on 

defined pads on the interposer wafer acting as spacer. The 

placement of the 400µm tin-bismuth solder balls, which will 

attach the package to a PCB, is done as last step after wafer to 

wafer bonding of the interposers. 

 

D. Packaging 

For the assembly of the individual wafers and ASICs, the 

soldering regime and the sequence of the bonding steps must be 

carefully evaluated. A key factor is using three different solder 

compositions to achieve a decreasing reflow temperature. The 

final packages are assembled out of four different parts, 

consisting of the thin glass interposer with a carrier (no. 2 in 

Figure 1). The glass wafer with alignment features (1), the 

bottom interposer with the cavity (3) and the radar ASIC. In 

Figure 2 the steps which led to the final package are shown. 

 

 

 

 

 
Figure 2: Wafer Level Packaging of the sensor platform with enclosed radar 

ASIC. 

 

The first step is to pick and place the ASICs and place them on 

the corresponding SnAg solder balls on the top interposer 

(Figure 2 Step 1). After a reflow process the top interposer is 

then wafer to wafer bonded to the bottom interposer (Step 2). 

To achieve a defined distance between the paired wafers and to 

prevent squeezing out the solder, spacers are used. They are 

realized either by copper core balls or by deposited glass dams. 

Afterwards the carrier wafer which stabilized the 100µm top 

interposer was removed and the alignment wafer is glued to the 

top side of the wafer package (Step 3 and 4). In the following 

the wafers are balled and diced. A more detailed description of 

the hermetical bond process was earlier published [11]. 

 

For making the separation stand-off structures as glass dams a 

proprietary deposition process by MSG Lithoglas GmbH is 

used, which allows the deposition of borosilicate structures with 

a thickness of up to 20 µm at process temperatures below 80°C. 

General information about this processing technique can be 

found in [12]. To achieve the needed defined spacing of the 

interposer and the ASIC-wafer a dam height of 10 µm is found 

to be best for the shown design. Using lift-off structuring on the 

already fully process interposer wafer the glass dam is added as 

a circumferential structure on the outer metal seal ring. A 

thickness homogeneity of ± 2.5% is achieve over the full 200 

mm wafer.  

 

E. Hermeticity of the Package 

To control the quality and stability of the glass package 

hermetical sealing, the new high speed and wide field of view 

sensor was developed by Sentronics Metrology based on white 

light interferometry. With the field of view of 4.2mm x 3.8mm 

and MAM-Time (Move-Acquire-Measure Time) below of 3s, 
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the hermetical sealing can be proved with high speed and 

stability.  

F. Application/ Radarperformance 

After the finalization of the package the level sensor can be 

characterized regarding its radar performance. Project synergies 

made it possible to do a direct experimental comparison on 

system level between the new sensor platform and a 

conventional setup. SiGe-ASICs with the same active circuit 

from the same multi-project-wafer-run could be used for both 

the conventional and the new packaging platform.  The ASICs 

contain all RF circuitry for a FMCW-based monostatic radar 

sensor. These are a transmit-receive-coupler, a transmitter, a 

homodyne receiver, a voltage- controlled oscillator and a 

frequency divider. In combination with a commercially 

available fractional-N PLL-synthesizer and a microcontroller 

including a low-frequency data acquisition, all functionality of 

a radar sensor can be realized. Such a radar sensor can become 

the basis for a compact and low-cost radar-level sensor in 

process automation, if there was an assembly and connection 

technology providing good performance of the 160 GHz-RF-

port.

 
Figure 3: Different ASIC designs with the same active circuit for experimental 

evaluation of the conventional and new sensor platform. 
 

The conventional platform [13] is based on hybrid chip and 

wire technology. The RF port is formed by a patch-resonator 

and a dielectric radiator. Both parts are stacked on the ASIC and 

die-attached. For mechanical protection of bond-wires and the 

RF-port the stack is covered by a glob-top casting. The plastic 

radiator extends the casting and performs as a dielectric RF port 

useable for illuminating a lens-antenna or for connecting a 

dielectric waveguide. In the new glass-package a dielectric 

waveguide can be directly plugged into the alignment features 

realized in the upper glass-layer. Instead of the dielectric 

waveguide a dielectric radiator can be used, so that the new 

package approach can be used for illuminating a lens-antenna 

and feeding in a dielectric waveguide, too. In Figure 3 

photographs of the realized ASICs for the experimental 

comparison of the new packaging platform (1) and the 

conventional platform (2) are depicted. They are differing only 

in their RF-ports. The principal differences between the two 

packaging approaches with respect to the ASIC-interface are 

summarized in Table 2.  

TABLE 2: DIFFERENCES OF CONVENTIONAL AND NEW APPROACH IN THE ASIC 

INTERFACE 

 Conventional  Sensor platform of 
this paper 

ASIC assembly 

orientation 

Top-up Bottom-up, flip-chip 

Contacting of DC and 
low frequency signals 

of the ASIC 

Bond-wires Solder-balls 

Contacting of RF port 

signals of the ASIC 

No conductive 

connections, isolated 
radiation coupled 

connection. 

Grounds and signal 

electrically connected 
by solder balls. 

 

 

III. RESULTS 

A. Design and Simulation 

The insertion loss from chip to dielectric waveguide is 

presented in Figure 4 and shows a minimum measured value of 

2.85dB. Therefore, an antenna structure is developed [14] 

stimulating the HE11 fundamental mode of the dielectric 

waveguide. 

 

 
Figure 4: Simulated and measured transmission coefficients of the proposed 

transition using back-to-back measurement. 

 

 

Here, a large physical aperture can be realized on top of the 

package surface. Holographic antennas as presented in [15] 

convince by their high antenna gain and small beam width. The 

design and optimization of the transitions and antenna is 

performed by means of full wave simulation. All the simulation 

data regarding the antenna structures and the high frequency 

transitions lead to a final package design which includes all the 

relevant parameters for the fabrication of the final components 

for the final package. The final CAD model of the package can 

be seen in Figure 5. 
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Figure 5: CAD model of the final package containing both glass interposer 

wafer. 

 

B. TGV/Cavity Generation 

The fabrication of the cavities, the through holes and the blind 

holes according to the package design is done using LIDE® 

process. In Figure 6 the bottom interposer with cavities and 

filled TGVs can be seen. 

 

 
Figure 6: XRAY image of the bottom glass interposer with cavities and 

surrounding TGVs after the fabrication and TGV filling with copper. 

 

The accuracy of the fabricated TGVs is statically checked and 

controlled with a Werth VideoCheck HA600 coordinate 

measurement tool and showed superior performance regarding 

repeatability of diameter and via position. The measurement 

results of the hole diameter and positional accuracy for the holes 

is shown in Figure 7 an 8. For the interposer wafer with the 

cavities similar results were achieved.  

 

 
Figure 7: Histogram of the measured diameters on wafer 2. Mean diameter 

22,14 µm, SD 0,34 µm, ~1000 holes measured. 

 

 

 
Figure 8: Histogram of the measured positional error in X and Y direction on 

a 200 mm wafer (20 µm blind via wafer). 

 

C. RDL&Balling 

Figure 9 shows the top interposer wafer with metal traces, UBM 

pads and solder balls. 

 

 
Figure 9: Left the final TOP Interposer; RDL structures with 50µm SnAu 

Balls. 

 

To test the adhesion of the copper RDL on glass and the stability 

of the UBM/solder stack, shear tests are done on all 3 types of 

solder materials. Measured shear forces showed a very good 

adhesion of RDL on glass and solder on UBM. Fracture mode 

for all solder alloys is breaking in solder. 
 

 
Figure 10: Fracture mode 80µm SAC305. 

 

FIB cross sections are performed to check the RDL quality and 

layer thickness. Figure  left shows the transition of copper filled 

TGV to RDL. Figure 11 on the right shows FIB cross section 

through the RDL and UBM stack. 

 

   
Figure 11: Transition of copper filled Through Glass Vias (TGVs) to the 
redistribution layer (RDL). 

 shearforce [g] 

  

80µm 

SAC305 

50µm 

SnAu 

400µm 

SnBi 

Min 45 43 940 

Max 56 72 1330 

Avg 51 63 1083 

SD 2,7 4,75 114 

to pass 20,2 35 693 
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After the RDL is finished on the glass interposers, the top 

interposer could be balled with SnAu balls to mount the ASIC 

and the bottom interposer is balled with SAC305 solder balls 

for the hermetically sealing and the I/O connection between 

both wafer pairs. 

D. Packaging 

After the balling of the processed interposer the assembly of the 

parts could proceed. In Figure 12 the two interposer before and 

after wafer bonding are shown. 

 

 
Figure 12: From left to Right: Top Interposer with mounted ASIC, Bottom 
Interposer with cavity and Solder sealring and solderpads, View through 

bonded wafer pair before dicing. 
 

In the wafer bonder the wafers are aligned using alignment 

features on each wafer. The aligned wafer stack is then 

transferred in the bonding chamber. The bonding is done using 

a SAC305 reflow temperature profile while applying a specific 

pressure to achieve a defined space between both pairs. Now 

the carrier wafer which stabilized the thin top interposer can be 

removed.  To remove the carrier wafer a laser assisted debond 

process is used to destroy the glue at the bonding interface. 

After the debonding process the wafer surface is cleaned by 

plasma. To assemble the whole package as shown in Figure 1 the 

alignment wafer is bonded with UV activated glue which can 

be radiated through the glass wafer. The final wafer stack can 

then be blade diced to separate it into different dies. From one 

200 mm wafer around 1100 packages are created.  

 

 
Figure 13: On the Right: cross sections of the mounted ASIC and the whole 

package can be seen. On the left an XRAY Image of the whole stack is 
shown. 

 

After dicing of the wafers into single chips the backside of the 

package is balled with BiSn Balls and soldered to a PCB. The 

final device consists of three glass wafers and one ASIC and 

can be seen in Figure 14. 

 

 

 

 
Figure 14: Final functional demonstrator package for radar applications. 

E. Hermeticity of the Package 

Two types of packages are initially sorted with a HE-leak test 

and optical inspection as hermetically sealed and not 

hermetical, as a reference for white light interferometer 

measurements. It showed that due to induced stress during the 

packaging process the glass cover deformation is around 

0.3µm. This can be measured even for not hermetical packages. 

For fully hermetical packages the mechanical deformation of 

the top interposer due to the pressure difference outside and 

inside the package is found to be 2.5-3µm high due to the 

bonding process which is done under vacuum. This value 

delivers a clear quality control possibility for hermeticity of the 

glass package. In order to evaluate the stability of the system 

over longer time periods the measurement is repeated 100 days 

later with the same package and location. The deformation 

value is found to be stable.   

 
Figure 15 : Measured topography of the hermetical glass package cover and 

cross section for not hermetically sealed package – yellow, hermetical 

package at t0=0 days – blue and t1=100 days – red. 
 

F. Application / Radarperformance 

The direct experimental comparison of the two packaging 

platforms (conventional and this paper) on system level is done 

by 512 radar measurements performed in a reference scenery 

with a corner-reflector at a distance of 1.5m. Identical dielectric 

lenses with 38mm diameter are used as aperture antennas and 

illuminated by the radiators of the two approaches. The mean-

values and the standard deviations of the recorded radar 

responses are shown in Figure 16. The packages with the 

dielectric resonators are shown in the photographs in the 

diagrams. Important for the application in industrial sensing is 

a high signal-to-noise ratio, which is the difference from the 
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target peek (blue curve at 1.5m) to the flat region of the standard 

deviation (red curve). For both packaging platforms we get 

about same values of 62dB. The form of the target peek, 

however, is sharper and more symmetrical in the new platform 

than in the conventional approach. Moreover, the target peek is 

higher than the parasitic zero-distance peak, which is not the 

case in the conventional setup. The latter two improvements are 

important in level radar sensors and can be attributed to better 

RF-matching in the package due to the precision of the glass-

technology. Disadvantages of the new approach could be 

observed in the temperature behavior. Though the radar sensors 

are operated in low duty-cycles, the speed of the self-heating of 

the ASICs in the hermetically sealed glass-package has been 

under-estimated. Self-heating explains the lower absolute level 

of both curves in the new approach. Possibly the receiver gain 

degraded by the self-heating. In summary, the new platform can 

compete very well with the conventional solution and provides 

already some advantages. This is a very good result, as the new 

platform was realized only once, whereas the conventional 

approach is already optimized by several iterations. Further 

research, however, is necessary for reducing the thermal 

resistance of the new approach. 

   

 
Figure 16: Radar test results from comparable sensors realized with the new 

packaging platform (bottom) and a conventional approach (top). 

IV. CONCLUSION 

In this work the versatile hermetically sealed sensor platform 

for high frequency applications was described. All the relevant 

aspects starting from the design work to the final assessment of 

the package and one radar demonstrator are presented. All 

results regarding the fabrication of the package, the assessment 

of the hermeticity and the high frequency behavior showed 

impressive behavior. 
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