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F R O M  T H E  G U E S T  E D I T O R

The term advanced System in Package (SiP) covers two 
broad industry segments of microelectronic system design 
and system integration in a package. The current trend is 
to integrate a full system or subsystem into an extremely 
miniaturized (smaller X, Y, Z dimensions) package struc-
ture with high system functional performance, mechani-
cal reliability, and thermal management as well as high 
yield manufacturability. Advanced SiP terminology is an 
umbrella term to cover a variety of SiP subsets such as 
laminate/glass/ceramic/silicon/leadframe-based SiP, fanout 
SiP, heterogeneous integration, 2.5D/3D SiP and modules. 

The need for SiP has driven the entire semiconductor, 
packaging, design chain and supply chain industries to 
develop advanced technologies that can address the in-
creasing requirements for cost reduction, size reduction 
and performance enhancement for electronic systems. 
As a result, the industry is experiencing close coopera-
tion across the entire SiP food chain from material, sub-
strate and manufacturing equipment suppliers, silicon 
foundries, design houses, integrated device manufactur-
ers (IDMs), fabless, original equipment manufacturers 
(OEMs), and electronics manufacturing services (EMS) to 
outsourced semiconductor assembly and test (OSAT) sup-
pliers. This type of high-level collaboration and knowl-
edge sharing is expediting an exponential growth in the 
advanced SiP market and creating reliable and cost-effec-
tive system solutions.  

In addition to the size reduction, horizontal compo-
nents placement (on-board integration) has been mov-
ing toward on-package integration using vertical stacking 
and interconnections and replacing pre-packaged active 
components with silicon bare dice, low capacitive inter-
connect structures to reduce power and enhance signal 
integrity. Advancements in laminate technology from finer 
line and spacing, smaller via diameter and sub 100-µm 
thick laminate stack-up, reduction in mold cap thickness 
with very low particles size for mold underfill, and fine 
pitch flip chip (FPFC) to copper pillar technology have 
all made their way into mass production.  Laminate-based 
SiP technology is in a front-runner position and the most 
popular SiP solution for cellular, Internet of Things (IoT), 
power, automotive, networking and computing system 
integrations.  

Filters and passive components have become a domi-
nate part of radio packaging with the next generation of 
5G technology possibly requiring 50+ filters. This huge 
increase in passive components quantities is limiting 
package size reductions. Integrated passive components 
in silicon or glass is one way to reduce the number of 

Advanced System in  
Package Technologies 

Nozad Karim 
Vice President of SiP/Systems 
and Electrical Engineering, 

Amkor Technology

filters and passive components in a system. Wafer Level 
Packaging (WLP) has experienced good progress as an 
alternative solution to the laminate-based SiP. Millimeter 
wave radio design with beam forming and array antenna 
will be used in several varieties of advanced SiP products 
for 5G cellular systems. Millimeter electromagnetic wave 
design imposes new challenges for system designers as 
well as components and SiP packaging engineers. 

In this issue, we have chosen three papers that charac-
terize microelectronic system design and system integra-
tion in package challenges.   

The first paper explores 3D integrated passive devices 
(IPDs) on glass substrates, illustrating a 3D RF front-end 
filter design with high-Q solenoid inductors using a con-
formal copper (Cu) plating method, through glass vias 
(TGVs) and Cu silicon-nitride (SiN) Cu metal–insulator–
metal (MIM) capacitors. Glass substrates have a low di-
electric constant, high resistivity, high modulus of elastic-
ity, and adjustable coefficient of thermal expansion (CTE), 
making them a good solution for passive component size 
reductions.  

The second paper compares different wafer level pack-
aging approaches for producing low RF-loss interposers 
and populating them using die-to-die (D2D) or die-to-
wafer (D2W) bonding of the monolithic microwave in-
tegrated circuit (MMIC) components on gallium arsenide 
(GaAs) with the RF passives produced on an interposer, 
followed by wafer-level encapsulation. The authors com-
pare RF performance of the D2W mounting and the en-
capsulation before the Si interposer is thinned for TSVs to 
the interposer thinning prior to the mounting. 

The authors of the third paper developed a low-cost 
4-bit passive phase shifter using commercial off-the-shelf 
components as an integral part of a phase array to be used 
in millimeter-wave communications. The schematic of the 
phase shifter utilizes four single-pole, four-throw (SP4T) 
MMICs in series mounted on a thin two layer alumina 
substrate using a coplanar waveguide transmission line. 
The authors also provide a technology comparison with 
other state-of-the-art E-band and W-band phase shifters 
including InGaAs, CMOS and microelectromechanical 
systems (MEMS) designs.

In 2017, IMAPS established a new System in Pack-
age conference totally focused on SiP technology devel-
opments and solutions, technology and business trends. 
The next System in Package (SiP) Technology Conference 
and Exhibition is planned for June 2019 in Monterey, 
California.



5

M AY / J U N E
2 0 1 8

Qmirg Keyrdes 
Start up Ses 

w· 
s1ons 

1netasting & N 
I 

etworking 
nteractive P anels 

Mark Your 
Calendars Now 

Monterey Bay, California - USA 
June 25-27, 2019 

For more details and to participate, contact Brian Schieman at bschieman@imaps.org 

Preliminary Program 
Opening Keynotes: SiP business and technology trends; SiP challenges for consumer, 

industrial, automotive and networking products 
Technical sessions: System integration challenges for cellphone, loT, consumer, 

automotive, computing and networking products 
Start up sessions 

Interactive Panel sessions 

Table top exhibits 

And much, much more 



6

D IPD on Thru Glass Via Substrate 
using Panel Manufacturing 
Technology 
Takamasa Takano,1 Satoru Kuramochi1 and Hobie Yun2

 
1Dai Nippon Printing Co., Ltd., 250-1 Wakashiba, Kashiwa-shi, Chiba-ken, Japan 
E-mail: Takano-T5@mail.dnp.co.jp, E-mail: Kuramochi-S2@mail.dnp.co.jp

2Qualcomm Technologies Inc., 5775 Morehouse Dr., San Diego, California 92121 
Email: cyun@qti.qualcomm.com

F E AT U R E  A R T I C L E

3

Abstract
As electronic products become smaller and thinner with an increasing 
number of functions, the demand for high density and high integration be-
comes stronger. Glass has many properties that make it an ideal substrate 
for high integration substrates such as: ultra high resistivity; adjustable 
thermal expansion (CTE, co-efficient of thermal expansion) high modu-
lus; low dielectric constant; low dielectric loss; and manufacturability with 
large panel sizes. 

Multi-bands with carrier aggregation, Wi-Fi/GPS coexistence, and LTE-U 
make RF front end more and more complicated. 3D IPD (integrated pas-
sive devices) on glass substrate technology could be an advantage solution 
including reducing power consumption and small form factor. 

This paper presents a demonstration of 3D RF front end filters using 3D 
solenoid inductors with through glass vias (TGV) and Cu-SiN-Cu MIM 
structure on a Gen1 glass substrate (300mm x 400mm) panel format us-
ing a color filter manufacturing line for flat panel display. For inductors, 
drastic performance (size and low resistance therefore high-quality fac-
tor) improvements have been demonstrated by technology evolutions from 
3D solenoid using TGV with a conformal Cu plating method, achieving 
low resistance of 3.1mohm per 70um diameter TGV on a 400um thick 
glass panel. This low-resistance TGV with 2.7mOhm/sq TGV connections 
on both sides of the glass substrate, a record high inductor quality fac-
tor of 39 was obtained at 2.5GHz using five and half turn inductor of 
7.9nH inductance, For capacitors, we have successfully integrated a Cu 

I. Introduction
As electronic products become smaller and thinner 

with an increasing number of functions, the demand for 
high density and high integration becomes stronger. Glass 
has many properties that make it an ideal substrate for 
high integration substrates such as: ultra high resistivity; 
adjustable thermal expansion (CTE, co-efficient of ther-
mal expansion); high modulus; low dielectric constant; 
low dielectric loss; and manufacturability with large pan-
el sizes. In RF front end (anywhere between the antenna 
and amplifiers), there are many passive circuits required 
to provide the best filtering solutions for the multi-band 
multi-standards. Figure 1 shows a block diagram of a RF 
front end. Figure 2 shows picture of a RF front end mod-
ule in a current smart phone. The filtering solution at the 

RF front end requires the lowest insertion loss with wide 
frequency range bands-grouping LC filters, combined 
with specific band selecting narrow band acoustic filters. 
Figure 3 shows filter topologies for low-pass filters com-
posed of multiple inductors (L) and capacitors (C), de-
pending on insertion loss and rejection requirements. The 
low pass filters have been used for power amplifier (PA) 
modules, filtering out harmonics from the PA. More re-
cently, with the commercialization of carrier aggregation, 
diplexer (low pass + high pass filters), triplexer (low pass 
+ mid band pass + high pass filters), and multiplexers are 
becoming more important. The multiplexers are filtering 
groups of bands (B1, B2, …, B40) using multiple lumped 
elements (L and C). Figure 4 shows a current diplexer and 
triplexer using LTCC technologies.

MIM (metal-insulator-metal) structure by using 15um thick Cu plates and 
dielectric, resulting in a high capacitance density of 0.26nF/mm2 for RF 
applications. By integrating TGV inductor-first and MIM capacitor-next, 
high-performance and high-density LC components are synthesized to per-
form as RF front end filters such as low-pass filters, diplexers, triplexers, 
and multiplexers. 

The 3D inductors, Cu MIM, LC resonators and filters were successfully 
integrated using glass panel manufacturing infrastructure for the first time. 
Process characterization and process control monitors were evaluated at 
the panel level to address high-volume and high-yield manufacturability of 
RF filters with unprecedented filter performance in terms of insertion loss 
and out of band rejections in smaller form factor than any other technolo-
gies have achieved so far. Furthermore, the TGV filters were mounted on 
electrical evaluation boards as well as JEDEC standard testing boards to 
check any device-level, chip-level, and board-level reliabilities associated 
with glass or TGV materials as well as their interaction with Cu, SiN, 
polymer inter layer dielectric materials, and solder joints, showing no per-
formance degradations during thermal cycling, drop shock, bending, or 
high-power testing situations.

Key words 
3D IPD, TGV, MIM capacitor, silicon nitride, capacitance density, 3D 
inductor, Q-factor 
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Figure 1. Block diagram of a RF front end.

Figure 2. Current solution of RF a front-end module in a  
smart phone.

Figure 3. LC-based low-pass filters composed of (a) 1L+1C, (b) 
3L+1C, (c) 1L+2C, (d) 2L+3C components.

Figure 4. Current multi bands filters using LTCC. 

We have developed 3D IPD using solenoid inductor 
and MIM capacitor in an 8 inch wafer size glass substrate 
[1]. Figure 5 shows an 3D IPD chip overview, solenoid 
inductor model and capacitor model. A result of measure-
ment of inductance of three and half turn inductor was 
5nH at 1GHz, and the quality factor was 61.

Figure 6 shows a co-planer waveguide with a compari-
son of silicon and glass in the high frequency region. The 
loss is significantly lower in glass substrates than it is in 
silicon substrates shown in Figure 7. This low loss given 
by the insulating properties of glass offers the important 
ability to achieve high Q-factors in filter applications.

continued on page 8

Figure 6.  Co-planer waveguide test vehicle.

Figure 7. Measurement result of transmission (S21).

This work will mainly focus on the recent achieve-
ments in design and technology demonstration for both 
high-Q L components using panel Manufacturing Tech-
nology platform.

II. TGV Passives Process
TGV glass process

Over the past several years, there have been significant 
advances in the ability to provide high quality vias in glass 
substrates. The work described here utilized glass with a 
thickness of ~0.4 mm and through glass via (TGV) diam-
eter of 85 um. 

Figure 5. 3D IPD using a solenoid inductor and MIM capacitor.
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continued from page 7

TGVs of 200µm in pitch were formed on alkali-free 
glass by Asahi Glass corporation with Focused Electrical 
Discharging Method (FEDM). Mainly it consists of two 
steps of that focused and controlled electrical discharg-
ing created locally molten regions of glass, and finally it 
induced dielectric breakdown together with internal high 
pressure by Joule heat and ejection of glass[2].

Figure 8 shows the result of TGV formation for 300µm 
thick glass. In the case of TGV for 300µm thick glass, the 
top diameter is approximately 60µm and the bottom di-
ameter is approximately 40µm. The TGV side wall was 
smoothed by fine polishing because the process using 
electrical discharging made glass locally heated and melt-
ed by high temperature. 

Figure 8. Cross sectional view of via formation FEDM.

TGV IPD (integrated passive devices) integration
The process flow of TGV and IPD integration is shown 

in Figure 9. First of all, TGVs of 85µm in diameter and 
150-200µm in pitch were formed on a 400µm thick alka-
li-free glass wafer. 

50nm Ti and 1000nm Cu layers were deposited as Cu 
seed materials. Then the TGV sidewall and front side and 
backside metal layers were formed with 15mm Cu thick-
ness by conformal electroplating. By this time, functional 
3D TGV inductors and capacitors were formed. 

The conformal plating method has great advantage of 
process time of plating. The key requirement for confor-
mal plating method is coverage of the seed metal layer in 
the vias. [3].

In Figure 9 our sputtering system was at an optimized 
angle for 400 mm deep via metalized on a Gen1 glass 
substrate (300mm x 400mm) panel format. Figure 10 
shows profile after seed layer deposition. Figure 11 shows 
the result of X-ray inspection after seed layer deposition. 
Conformal Cu via in 300x400mm panel format was suc-
cessfully achieved by electroplating shown in Figure 12. 
Figure 13 shows an X-ray image of conformal plating with 
15mm thick Cu. The X-ray inspection shows that TGV 
interconnects were successfully formed for an inductor.

A thick dielectric polymer layer was laminated on the 
glass panels as RDL passivation film using photosensitive 
polyimide followed by a low temperature cure of 210 de-
grees Celsius. Redistribution lines were patterned with 
negative dry film photo resist. Cu RDL line of 15 mm 
thickness was deposited by Cu-electroplating followed by 
photo resist and Cu seed layer removal.

Figure 9. TGV IPD process flow: (a) starting TGV glass wafer; (b) 
seed layer deposition front side, backside and inner hole; (c) inductor 
formation by patterning; (d) plating front side, backside, and TGV 

sidewall simultaneously; (e) seed layer etching; (f) inorganic membrane 
deposition for capacitance; (g) seed layer deposition front side; (h) 

lithograph for upper electrode formation; (i) plating for upper electrode 
of capacitance; (j) remove resist pattern and seed layer etching; (k) 
inorganic membrane etching; (l) front side and backside interlayer 

dielectric pattern; (m) seed layer deposition for Pad metal; (n) 
lithograph for Pad formation. (o) plating for final Cu interconnects and 

pads; (p) solder resist formation around the I/O pads.

The TGV IPD panels were then ball-attached on the 
solder mask openings and diced individually using laser 
dicing methods. 

Figure 14 shows resistance distribution of conformal 
TGV. Average resistance of via is 2.7mohm [4].
  

Figure 10. Profile of fabricated TGV after seed layer deposition.
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Figure 11. X-ray inspection result after seed layer deposition.

Figure 12. Fabricated Cu wiring by SAP.

Figure 13. X-ray image of fabricated TGV for an inductor.

Figure 14. Resistance distribution of conformal TGV.

Figure 15 shows appearance of capacitor TEG (test el-
ement groups). The X-section of MIM structure is shown 
in Figure 16. Figure 17 shows a SEM picture of a fab-
ricated MIM capacitor. Figure 18 shows the capacitance 
density of a MIM capacitor. Average capacitance density 
is 0.26 nF/mm2. 

Figure 15. Capacitance of TEG.

Figure 16. X-section of MIM structure.

Figure 17. SEM image of a fabricated MIM capacitor.

Figure 18. Capacitance density of a MIM capacitor.

continued on page 10
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continued from page 9

Figure 19. Fabricated Gen 1 300x400mm panel.

Figure 19 shows the appearance of a fabricated 
300x400mm panel until final I/O pad formation. There 
are not any problems to fabricate Gen1 Glass substrate 
(300mm x 400mm) panel format. Furthermore, manu-
facturing processes to form glass in thin large sheets of 
high quality is mature and gives an opportunity to reduce 
cost through economies of scale.
High frequency characteristics 

High frequency characteristics were measured by a 
vector network analyzer. Figure 20 shows measurement 
test element groups (TEG) for high frequency. For the 
400µm thick glass panel, we measured an inductance of 
7.9nH at a frequency of 1 GHz and a peak Q factor of 
39 at a frequency of 2.5GHz, while for the 300µm thick 
glass panel, we measured an inductance of 6.2nH at a fre-
quency of 1 GHz and a peak Q factor of 68 at a frequency 
of 2GHz.

Glass has a number of attributes that make it an ex-
cellent substrate for RF applications. Since glass is an in-
sulating material, its electrical properties provide a low 
loss substrate for high-Q inductors. The ability to generate 
well-formed through vias has been demonstrated.

Figure 20. Measurement of TEG of five and half turn inductor.

Conclusion
This paper presents a demonstration of 3D RF front 

end filters using a 3D solenoid inductor and capacitor 
with through glass vias (TGV) on a Gen1 Glass sub-
strate (300mm x 400mm) panel format. For inductors, 
drastic performance (size and low resistance therefore 
high-quality factor) improvement has been demonstrated 
by technology evolutions from 3D solenoid using TGV 
with conformal Cu plating method, achieving low resis-
tance of 2.7mohm per 70um diameter TGV on a 400um 
thick glass panel. Additionally, we measured a capacitance 
density of 0.26nF/mm2 for a large panel size. For the 
400µm thick glass panel, we measured an inductance of 
7.9nH at a frequency of 1 GHz and a peak Q factor of 39 
at a frequency of 2.5GHz, while for the 300µm thick glass 
panel, we measured an inductance of 6.2nH at a frequen-
cy of 1 GHz and a peak Q factor of 68 at a frequency of 
2GHz. Therefore the TGV IPD process enables production 
of RF modules with a Gen1 glass size.

Acknowledgment
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I

I. Introduction
High quality RF MMIC components are commercially 

produced on small substrate size GaAs wafers in special-
ized fabs. The GaAs technology for high performance RF 
active devices are combined with mainstream CMOS 200 
mm Si wafers technology, using heterogeneous integration 
of MMIC components on a Si interposer. In this work, the 
passive RF components (like filters and matching circuits) 
are integrated on the Si interposer. We aim to integrate the 
MMIC and Si interposer for RF applications in the range 
of 5 to 40 GHz.

The heterogeneous integration of the MMIC on the 
silicon interposer can be done at die level or on a 200 mm 
wafer base using the 2.5D and 3D integration[1] technol-
ogies that are well established on 200 mm Si wafers. The 
MMIC dies are then populated on the 200 mm interposer. 
The interposer consists of several metal levels for the pas-
sive devices, and TSVs that enable the backside contact-
ing/mounting. The entire system is capped with a silicon 
wafer with 350 mm deep cavities over the MMIC. 

II. Device Description
Figure 1 schematically shows the target structure with 

a MMIC that is mounted on the Si interposer. TSVs on the 
MMIC device make the connection between front of the 
interposer and front of the MMIC. The interposer itself 
consists of a TSV level, two metal levels connected by a 
vertical interconnect (via), and a metal-insulator-metal ca-
pacitor structure between the 2 metal levels. The top layer 
is finished with aluminum bond pads for probing, and 
Cu/Ni/Sn micro-bumps for bonding the MMIC device. A 
sealing ring is also designed in this Cu/Ni/Sn layer and is 
used to bond to the silicon cap wafers.

The cap wafer consists of 350 mm cavities to fit over 
the MMIC dies. The entire surface of the cap is metallized 
with a Cu layer to bond to the Cu/Ni/Sn sealing ring on 
the interposer. 

In order to minimize RF losses arising from the elec-
tromagnetic coupling between the passive devices and 
Si substrate, high resistive silicon is used and the silicon 
surface is passivated using a semi-insulating poly-silicon 
(sipos) [2,3] layer. In previous work[4] the line loss of 
co-planar waveguides (CPW) on different substrates was 
evaluated. Losses could be minimized to 0.34dB/mm at 
40GHz for high resistive wafers with a 75nm sipos layer. 
The non-passivated or high resistive Si wafers suffer from 
a much higher loss of 1.5 and 6 dB/mm, respectively. 

The electrical response of the passive components, 
CPW lines, and TSV on the interposer, were evaluated 
over the frequency range up to 40GHz, and used to build 
a component library for filter design.

III. Fabrication of Front Side Layers of the Si 
Interposer

The fabrication process of the interposer wafer starts 
with the deposition of a 75nm sipos layer to passivate the 
surface of the 5 kohm-cm high resistive Si wafer. A 1 µm 
SiO2 layer is deposited on the sipos, and 20 µm diameter 
TSVs are etched through these layers and further into the 
silicon substrate to a depth of 85 µm to 100 µm. TSVs 
are filled with an oxide liner, tantalum barrier (120 nm), 
and Cu seed (900 nm). The TSVs are further filled using 
bottom-up Cu plating[5].

On top of the TSV, at least one metal interconnect layer 
is processed using Cu damascene technology. One metal 
layer suffices for a simple interposer with CPW line inter-

Abstract
Very small RF modules can be realized through heterogeneous 
integration of GaAs MMIC (monolithic microwave integrated 
circuit) onto a low loss Si sub-mount, with high density routing 
lines realized by advanced patterning. In this paper we inves-
tigate how to integrate MMIC active devices on GaAs with the 
RF passives produced on an interposer, using Si wafer process 
technology. High resistive silicon substrates are required to 
minimize RF losses. The interposer is thinned below 100 µm 
to reveal Cu TSVs from the back of the interposer, while the 
front side is covered entirely with a silicon capping wafer for 
shielding the device. We compare different wafer level pack-
aging approaches for producing the low RF-loss interposers, 
and populating them using die-to-die (D2D) or die-to-wafer 
(D2W) bonding of the MMIC components, followed by wafer 
level encapsulation. Two D2W approaches are compared. In 
the first approach the D2W mounting and the encapsulation 
happens before the Si interposer is thinned for TSV reveal. To 
avoid damage during thinning of the wafer, thicker substrates 
with deeper TSV of 150 µm or more are required. In a sec-
ond approach, the thinning of the interposer is done prior to 
the mounting. Initial electrical data showed that the approach 
yielded proper RF performance, but further yield optimization 
is required. 

Key words 
high resistive silicon, integrated passive devices, RF interposer, 
through silicon via, wafer level bonding 
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connects. An interposer with matching circuits, or filters 
made of inductors and capacitors, needs at least one extra 
metal level, and a metal-insulator metal capacitor struc-
ture. The top metal is a 2 µm thick Cu layer. This top 
layer is made extra thick to minimize resistance. It serves 
as the main conducting layer for the coils and RF lines. 
The stack is then passivated by a SiC/SiO2/Si3N4 passiv-
ation stack.

Aluminum bond pads connect to the top Cu layer 
through an opening etched in the passivation stack. An-
other passivation opening is done for connecting the 
micro-bumps. These bumps are made of 2 µm Cu, 1 µm 
Ni, and 5 µm Sn layers and are 80 µm wide. In the same 
process a 100 µm wide Cu/Ni/Sn sealing ring is formed 
around the dies, for bonding to the cap wafer.

After front side processing is completed, the wafer will 
follow different routes, depending on the packaging flow 
selected.

IV. Die and Wafer Level Packaging Options
We compare different assembly options for the mount-

ing of the MMIC and cap on the interposer. The simplest 
approach is the die-to-die bonding of both MMIC dies and 
the cap. The downside of this approach is that it is less 
scalable to large volumes, because dies need to be handled 
individually. Wafer level approaches involve extra process 
complexity but potentially reduce on the amount of pack-
age manipulation and parallelize the bonding steps.
A. Package level assembly

Once front-side processing is completed, the wafers 
continue for thinning, TSV reveal, and backside pad 
processing.

The thinning is done by edge trim, followed by wafer 
bonding to a blanket Si wafer using Brewer Bond BB305 
glue[6]. The glue material is compatible with temperatures 
up to 300ºC. After bonding, the device wafer is thinned 
by wafer grinding, stopping 5 to 10 µm before the TSV is 
reached. The final TSV reveal is done by silicon wet etch. 
The etch is selective to the oxide liner that covers the TSV 
bottom and sidewall. A 200 nm Si3N4 passivation layer 
is deposited by CVD at low temperature (200ºC). This 
Nitride, the SIO2 TSV liner, and barriers are then opened 

by dry etch using a litho mask that only reveals the TSV 
top. The backside processing is either finished by process-
ing of Aluminum probing pads, or by Cu/Ni/Sn micro-
bumps. The wafer is now ready for debonding from the 
carrier and ready for dicing.

Figure 2: An MMIC mounted on an Si interposer die.
The first evaluation of RF performance of mounted 

components was performed on die level. Figure 2 shows 
the D2D mounting of a GaAs Low Noise Amplifier (LNA) 
to a silicon interposer. Figure 3 compares the response of 
an unmounted LNA (left) with a mounted LNA, probed 
from the backside of the interposer.

Figure 3: Amplification of RF signal from the LNA 
without interposer, and on the interposer as measured from 
backside of interposer.

continued on page 14

Figure 1: Schematic cross-sectional view on the device.
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B. Interposer thinning at LAST
The first D2W packaging approach starts from the full 

thickness front side finished wafer described in section III. 
We mount the MMIC dies on this full thickness interposer 
wafer. Bonding conditions were determined using micro-
bump daisy chain test structures. Figure 4 shows the yield 
for different bonding conditions with applied forces of 
1,2, or 4 kgf, and with or without applying an underfill 
material (UF). For each condition, different chain lengths 
were evaluated. The condition with no UF and 4 kgf had 
a perfect yield for the 36 measurements at this condition.

Figure 4: Micro-bump daisy chain yield for different bonding 
conditions and chain lengths of 4,26,96 and 120 links.

After populating all dies onto the wafer, a full 200mm 
cap wafer can be bonded over the populated wafer (Fig-
ure 5 left). With MMIC dies and cap mounted, the wafer 
needs to be thinned to reveal the TSVs (Figure 5 right). 
The Cu/Sn bonded cap wafer serves to support the inter-
poser wafer during thinning.

Figure 5: Die and cap bonded on a full thickness interposer  
substrate with TSV, TSV reveal of the structure by thinning  

on top of the cap wafer.

Thinning was done by grinding. However, due to the 
cavities in the cap wafer, the wafer will flex under the force 
of the grinding wheel, and cracks become visible (Figure 
6). Grinding to 100 µm was not successful. Cracks started 
to occur during the last fine polishing steps. Therefore we 
concluded that grinding is limited to about 150 µm final 
Si thickness. In order to enable this approach, the TSV 
depth has to be increased from 100 to 150 µm or more.

Figure 6: Microscope and cross section SEM image of a crack  
in wafer after grinding.

C. Interposer thinning at MIDDLE - MMIC on backside IPD
In order to avoid the need to grind the wafer on top 

of a cap wafer, the interposer wafer can be thinned first, 
prior to the mounting of the dies and cap. We start from 
the 725 µm thick wafer with finished front side as de-
scribed in section III, and continue to wafer thinning and 
backside processing as would be done for the D2D ap-
proach (section IV A), but stopping before the debond 
and dicing.

At this stage the interposer wafer is face down bonded 
to a temporary carrier and the backside is on top. We can 
mount the MMIC and cap on the wafer backside (Figure 
7). This requires a design where the MMIC is mounted on 
the opposite side of the passives, hence the TSVs are in the 
middle of the RF circuitry, which is not a preferred config-
uration because it adds parasitic impedances in the critical 
path of the layout and the passives are on the outside. 

Alternatively the passive components can be fabricated 
on the wafer backside, but this would require a differ-
ent process flow to make the process flow for the passive 
components compatible with backside processing and the 
limited thermal budget of the glue.

Figure 7: Schematics of thinning before die and cap  
bonding without wafer flip.

Both D2W of the MMIC and W2W bonding of the 
cap have to be done on the thinned interposer, glued on 
a carrier. Due to the softness of the glue material, the thin 
interposer will deform under the pressure of the bond. 
This is seen in Figure 8. Optical profilometer measure-
ments show the wafer deformation in case of 2 and 4kgf 
of bonding force. Deformation of 3 µm and 8 µm, respec-
tively, were observed.

Figure 8: Optical profilometry scan showing the deformation of the 
surface after D2W bonding on the temporary bonded interposer.

D. Interposer thinning at MIDDLE - MMIC on IPD
The applied solution to get front side of interposer on 

same side as the MMIC, is to flip back the thinned wafer 
from one carrier to another, such that the passives are on 
top again (Figure 9 left). This is achieved by bonding to a 
second carrier. An experimental glue system was selected 
that requires a larger debond force than the BB305 glue 
used for the first carrier. Now the interposer is squeezed 
in between 2 carrier wafers. Debond peel is used to re-
move the first carrier which is the weakest bond of the 
two bonding layers. 
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Figure 9: Interposer after wafer flip with passives and MMIC on 
interposer front side.

Now the side of the interposer with all the passive 
components is on top again, ready for D2W bonding of 
MMIC dies, followed by W2W mounting of the cap wafer 
(Figure 9 right). 

Electrical evaluation of the performance of the D2W 
bond conditions was compared, all bond conditions ex-
cept for the lowest force, yielded good performance for 
the daisy chain with 48 micro-bumps (Figure 10). How-
ever, the very short chain of 4 links had a low yield. These 
short chain structures are located at the corner of the die. 
Further optimization is required to improve yield in die 
corners. 

Figure 10: Daisy chain yield.
The verification of RF performance of the D2W pro-

cess was done with dummy MMIC devices instead of the 
expensive active GaAs MMICs. The dummies consist of 
a CPW line on 100 µm thin high resistive Si, with mi-
cro-bumps for bonding to the interposer. These devices 
were measured in RF from the front side of the thinned 
interposer on carrier, and from the backside, after W2W 
bonding of the cap. The line loss of the CPW is shown in 
Figure 11.

To probe from the backside with cap present, the car-
rier was removed by peel debond. The debond was suc-
cessfully but some localized damage at the wafer edges 
was observed. 

Figure 11: Line losses of CPW line bonded to interposer measured 
from front without cap (left) and backside, with cap (right), total line 

length is 3.2mm. 

continued on page 16

V. Comparison of Packaging Approaches
In this section we compare some approaches for the 

integration of MMIC components on interposer with a 
cap wafer (Table 1).

The “package level” approach is a well-established die 
level process. The “interposer thinning last” route saves 
the use of a temporary carrier. The MMIC and cap bond-
ing is done on a solid 725 µm 200 mm wafer; the penalty 
is that the interposer thinning has to be done on a cap 
wafer with holes which limits the minimal thickness of 
the substrate. 

In both “interposer thinning middle” approaches the 
thinning on top of a cap is avoided but requires a tempo-
rary carrier and bonding on a deformable substrate. In the 
case of “MMIC on backside,” only one carrier is required 
but the MMIC will be on the opposite side from the pas-
sives. The “MMIC on front” approach adds a wafer flip 
from the first carrier to a second carrier to the processing, 
in order to be able to put the MMIC and IPD on the same 
side. This wafer flip requires an extra carrier wafer and 
additional process steps. 

Comparison 
packaging 
approaches

Pros Contras

Package level Known process Sequential process 
increase cost

Interposer 
thinning LAST 

No temporary 
carrier required 
Assembly on rigid 
wafer

Limitations due  
to designs/ depth  
of cavities
Need thick substrate/
deep TSV

Interposer 
thinning MIDDLE, 
MMIC on 
backside

Established 
TSV reveal with 
temporary carrier

RF module design 
complicated 
Subject to parasitics
Bond on top of 
temporary carrier

Interposer 
thinning MIDDLE, 
MMIC on front 
side

Established 
TSV reveal with 
temporary carrier

Bond on top of 
temporary carrier 
Wafer flip operation 
required

Table 1: Overview of pros and contras of packaging options

VI. Conclusion
We compared and developed a wafer level packaging 

flow to integrate GaAs MMIC on Si IPD interposer wafers. 
Package level process was established and two wafer level 
integration routes were studied experimentally. The first 
integration option is to mount the dies on a full thickness 
interposer wafer and then thin the interposer for TSV re-
veal. This route is limited by the thinning process due to 
the cavity wafer used as a cap for the module.

This problem could be avoided by thinning prior to 
bonding of the MMIC, however. This requires bonding on 
a thinned wafer that is glued on a carrier. The softness of 
the glue may result in some deformation that is detrimen-
tal to the yield, the layout rules need to be adapted ac-
cordingly or the temporary glue needs to withstand higher 
temperature. Despite such limitations we obtained several 
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measurements of active and passive devices showing the 
potential of the MMIC integration onto HR Si interposer.
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Abstract
A 4-bit millimeter-wave switched delay line phase shifter is 
presented. The phase shifter is designed using commercially 
available SP4T flip-chip MMICs attached to an alumina sub-
strate. The module operates in the E-Band from 82 – 84 GHz 
and has an average insertion loss of 20 dB. The size of the 
module is 10 mm x 7.5 mm. This paper presents a cost effective 
4-bit E-Band phase shifter.

Key words 
phase shifter, flip chip, packaging, true time delay

I. Introduction
Millimeter-wave communications and radars require 

beam scanning agility and phased arrays are often pre-
ferred. Up-coming 5G cellular systems are anticipating 
the use of phased arrays [1]. Automotive collision radars 
already operate in the 77 GHz regime [2], and millimeter-
wave wireless communication backhauls typically operate 
from 71 – 76 GHz and 81 – 86 GHz [3]. Phase shifters 
are a critical element in the realization of phased arrays, 
and have been implemented using III-V semiconductor, 
silicon semiconductor, and MEMS processes [4]-[7]. Pas-
sive phase shifters have the benefit of being highly linear, 
bi-directional, and can be operated single-ended com-
pared to active vector modulator phase shifters. The main 
drawback is high insertion loss which requires gain com-
pensation. In this paper, we present a low cost 4-bit E-
Band phase shifter module using commercial off-the-shelf 
(COTS) SP4T MMICs on an alumina substrate.

II. Phase Shifter Design
The developed phase shifter is shown in Figure 1. It 

utilizes 4 SP4T MMIC switches (TGS4306-FC), which are 
cascaded in series. The switch has a typical insertion loss 
of 3 dB per state, 20 dB of isolation, and 8 dB typical 
thru state return loss. In the on state, the switch requires 
-5V and dissipates no current. In the off state, the switch 
requires 1.35V and dissipates 10mA. The phase shifter is 
comprised of 2 stages. In the first stage, 2 sets of switch-
es control phase delays of 0,˚ 22.5,˚ 45,˚ and 67.5˚ at 85 
GHz. The second set of switches control phase delays of 
0,˚ 90,˚ 180,˚ and 270˚. Figure 1 shows a schematic of 
the phase shifter. The SP4T switches are mounted onto a 

127µm thick alumina substrate (εr = 9.8, δ = 0.0004). All 
transmission delay lines are modeled in HFSS and include 
CPWG launch effects. Ground-signal-ground (GSG) 
probe pads are used to launch the millimeter-wave sig-
nal. Thin 50µm traces provide the SP4T with DC biasing. 
Since the module has 2 metal layers, bondwires are used 
as crossovers. This can be seen in Figure 2. The total size 
of the phase shifter module is 10 mm x 7.5 mm. 

Flip-chip MMICs use solder bumps to attach to a sub-
strate. A common problem is for the solder bump to flow 
onto the landing pad, creating poor bonds and can even 
cause the chips to detach from the substrate. A solder 
trough is used to control the solder flow. Figure 3 shows 
the die picture of the TGS4306-FC, the side profile with 
the solder bumps, the alumina substrate, and the landing 
pattern used for the flip-chip.          

III. Measurement Results
A custom TRL calibration kit was designed onto the 

alumina substrate in order to de-embed effects of the 
GSG probes and CPWG launch. The alumina module 
was attached to a test printed circuit board which had 
voltage controls to activate each of the 16 states. An An-
ritsu ME7808A millimeter-wave vector network analyzer 
was used for s-parameter measurements. The frequency  
extension modules have a waveguide output, and so a 
W281D WR10 to 1.0 mm coaxial adapter was used. A 
24cm 1.0 mm coaxial cable was used to connect the fre-
quency extenders to the GGB 100H picoprobes. Figure 4 
shows our test setup. Figure 5 shows the measured inser-
tion loss for all 16 states, and as can be seen from 83 – 
84 GHz the maximum insertion loss is 22.41 dB and the 

Figure 1. Schematic of 4-bit phase shifter using SP4T switches. 
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continued on page 20

minimum insertion loss is 14.7 dB. Figure 6 shows the 
measured insertion phase across all 16 states. Since at E-
Band the wavelength is small, physically routing the delay 
lines around the SP4T switch was challenging. In order 
to route the 45,˚ 67.5,˚ 180,˚ and 270˚ delay lines, an ex-
tra wavelength was added. This results in uneven phase 
slopes and limits the usable bandwidth of the switched 
delay line phase shifter and also negates true time delay 
capability. The SP4T switch is rated from 70 – 90 GHz, 
however the usable bandwidth of the phase shifter is from 
82 – 84 GHz. Figure 7 shows the measured return loss of 
all 16 states, and as can be seen the return loss is better 
than 6.91 dB in the usable bandwidth. The main limita-
tion of the input/output match is the intrinsic return loss 

Figure 2. 4-bit E-band phase shifter module with 4 flip-chip SP4T.

Figure 3. 4-bit E-band phase shifter: a) SP4T MMIC; b) side profile view of 
MMIC; c) phase shifter module; d) landing pattern for flip chip.

Figure 4. Anritsu ME7808A millimeter-wave test setup.

of the SP4T. The measured RMS phase error and average 
insertion loss is shown in Figure 8. The maximum RMS 
phase error occurs at 84 GHz is 13,˚ the minimum is 8.8˚ 
at 83 GHz. The average insertion loss is 20 dB. Table I 
shows a technology comparison between some state-of-
the-art E/W-Band phase shifters. As can be seen, the per-
formance is inferior to MEMS solutions, but comparable 
to CMOS solutions. In terms of cost-effectiveness, this de-
sign uses COTS parts on a ceramic substrate, and doesn’t 
require integrated circuit level fabrication, reducing the 
cost dramatically. The main drawback to this design is the 
size, which limits the level of integration in a phased array, 
and its insertion loss, which must be compensated.  
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IV. Conclusion
We have demonstrated a low cost E-Band 4-bit phase shifter us-

ing COTS SP4T switches on a alumina substrate. The phase shifter 
achieves an average insertion loss of 20 dB and has a RMS phase er-
ror of 13.˚ The total power dissipation of the phase shifter is 55mA.
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75 - 
85

75 - 
110 50-75 82 -  84

Technology InGaAs CMOS MEMS MEMS
MIC

Module

Average Loss (dB) -12.7 -25 -2.2 -2.5 -20

Bits 4 4 3 2 4
RMS Phase Error 

(˚) 8.2 11.25 3 1 13

Figure 5. Measured insertion loss of 16 states.

Figure 6. Measured insertion phase of 16 states.

Figure 7. Measured input return loss. 

Figure 8. Measured RMS phase error and average insertion loss.
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Kester Launches NP560 
Solder Paste 

Itasca, IL, March 12, 2018 — Kester is proud to an-
nounce the launch of NP560, a no-clean, lead-free, halo-
gen-free solder paste. It consistently delivers paste trans-
fer efficiencies of 0.50 to 0.55 AR and is fully capable of 
printing and reflowing 01005 components, even in air, 
with minimal graping behavior. In addition to its stable, 
consistent product performance, NP560 has redefined the 
voiding standard for PCB assembly and has the potential 
for low voiding performance. 

For additional information on this product including 
technical and safety data sheets, please visit https://www.
kester.com/products/product/np560-solder-paste. 

For any questions or additional information, please 
contact: Fil Marcial-Hatfield, Global Product Manager at 
fmarcial@kester.com or Michelle O’Brien, Marketing and 
Communications Specialist. 

Kester is a global supplier of assembly materials for the 
electronic assembly and semiconductor packaging indus-
tries. Kester is focused on delivering innovative, robust 
and high-quality solutions to help its customers address 
their technological challenges. Kester’s current product 
portfolio includes soldering attachment materials such 
as solder paste, soldering chemicals, TSF (tacky solder 
flux) materials, and metal products such as bar, solid and 
flux-cored wire. Kester is an Illinois Tool Works (ITW) 
company. ITW is a Fortune 200 company that produces 
engineered fasteners and components, equipment and 
consumable systems, and specialty products. It employs 
approximately 49,000 people, and is based in Glenview, 
Illinois, with operations in 57 countries. 

Six Master Bond Epoxy 
Adhesives Tested and 
Approved for MIL-STD-
883J for Thermal Stability

Master Bond is pleased to announce that the following 
epoxy compounds, EP17HTDA-1, EP21TDCHT, EP33, 
EP46HT-1AO, Supreme 11AOHT and Supreme 12AOHT-
LO, have passed MIL-STD-883J section 3.5.2., the sub-
section of the United States Military Standards set by the 
U.S. Department of Defense that refers to the thermal sta-
bility of a material. This test indicates a consistent product 
performance for temperatures up to 200°C.

MIL-STD-883 section 3.8.5 defines that thermal sta-
bility testing should be done by performing a thermo-

gravitmetric analysis (TGA) according to ASTM D3850. 
TGA is the study of a material’s weight change as a func-
tion of temperature and time under a controlled atmo-
sphere. It can be used to determine the thermal stability 
of a material.

To evaluate the material, samples are placed in a nitro-
gen atmosphere (20-30mL/min flow). The measurement 
of the samples start at room temperature (25°C) and then 
continues as the samples get heated 10°C/min up to a final 
temperature of 200°C. During this assessment, the weight 
of the samples is continuously measured. A material pass-
es this standard if the weight loss at 200°C is less than or 
equal to 1.0 percent of the cured material weight. Three 
samples are tested and the average value of the three must 
meet or exceed the minimum requirements.

To date, Master Bond has sent six epoxy adhesives for 
this test through an independent lab. All six have passed 
the MIL-STD-883J, Method 5011 (sect. 3.5.2 & 3.8.5), 
tested in accordance with ASTM D3850.

For a full product description for each of the six prod-
ucts tested, please visit the following pages:
• EP17HTDA-1: 

https://www.masterbond.com/tds/ep17htda-1
• EP21TDCHT: 

https://www.masterbond.com/tds/ep21tdcht
• EP33: 

https://www.masterbond.com/tds/ep33
• EP46HT-1AO: 

https://www.masterbond.com/tds/ep46ht-1ao
• Supreme 11AOHT: 

https://www.masterbond.com/tds/supreme-11aoht
• Supreme 12AOHT-LO: 

https://www.masterbond.com/tds/supreme-12aoht-lo

For complete information on Master Bond products 
that passed the MIL-STD-883J test for thermal stability, 
please visit: https://www.masterbond.com/certifications/
mil-std-883j-thermal-stability

Check out new videos on our YouTube channel: 
https://www.youtube.com/user/MasterBondVideo 

You can embed any of our videos on your website.
Contact: James Brenner, Marketing Manager, 

jbrenner@masterbond.com, Tel: +1-201-343-8983, Fax: 
+1-201-343-2132

MASTER BOND INC.
154 Hobart Street 
Hackensack, NJ 07601-3922 
www.masterbond.com
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Remtec Introduces High 
Definition Etchable Thick 
Film (HDTF) Gold Process 
on Ceramic 

Norwood, MA, March 20, 2018 — Remtec Inc. (www.
remtec.com), the leading manufacturer of ceramic sub-
strates, packages and submounts using PCTF® (Plated 
Copper on Thick Film) metallization, has commercial-
ized etchable gold thick film process for High Definition 
Thick Film (HDTF) circuitry as a low-cost alternative to 
thin films.  Remtec’s new offering represents a signifi-
cant advancement in miniaturization, circuit density and 
performance.

Remtec’s new etchable gold substrates allow the use of 
ultra-fine lines with a standard line / spacing resolution 
of 50/50 µm (.002”) and premium circuit of  25/25 µm 
(.001”). Circuit designers can also benefit from Remtec’s 
capability for added value features available on the same 

substrate. In addition to an etchable gold circuit, Remtec’s 
HDTF can incorporate conductor multilayers. It also inte-
grates built-in components such as Lang couplers, induc-
tors, filters and high precision resistors in a wide range 
from 50 mΩ  to 1 MΩ laser trimmed to ±1% on the same 
ceramic base. 

Remtec supports the new line of advanced HDTF sub-
strates with new, state-of-the art processing equipment in 
a class 1000 clean room. Design engineers can also take 
advantage of Remtec’s well-known core competency tech-
nologies such as AgENIG® (Electroless Nickel Immersion 
Gold on Silver) and PCTF® (Plated Copper on Thick 
Films) metallization in their ceramic package designs.

Typical applications of Remtec’s etchable gold HDTF 
ceramic metallization are for products requiring high cir-
cuit density and conductor proximity.  HDTF substrates 
used for high performance products such as mm wave 
microwave circuits and high pin count analog and digi-
tal designs. They are ideal for radar, missile and satellite 
communications systems in both defense and industrial 
applications.

Remtec, a RoHS compliant, ISO 90001:2008 regis-
tered and ITAR compliant company, operates a manufac-
turing facility of 33,000 sq. ft. in Norwood, MA.  Remtec 
produces custom and semi-custom packaging solutions 
for sensors and detectors, RF/MF products, DC power 
electronics, optoelectronics, laser industry and other high 
density and power circuitry in commercial, industrial and 
military industries.

Mr. Nahum Rapoport
Remtec, Inc.
100 Morse Street
Norwood, MA  02062
Phone:  781-762-9191
Fax:  781-762-9777
sales@remtec.com
www.remtec.com

Editorial Contact:  Dean M. Wood, 401-252-1220

Pasadena Convention Center
October 8-11  •  Pasadena, California

www.IMAPS2018.org
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STEVEN BURLING
We are sorry to say good-bye to Steve Burling who recently 

passed away after a massive heart attack. Steve was R&D Man-
ager for Metalor Technologies, a world renown precious met-
al company, and also acted as Sales and Marketing Manager, 
Northern Europe for the Advanced Coatings Business Unit.  His 
responsibilities included the introduction of new precious metal 
plating processes to European markets as well as liaising with 
colleagues in the US and the APAC regions. He was also respon-
sible for Global Technology Product Management for products 
sold in the connector market segment. 

Steve graduated from Southbank University in 1978 and in 
2017 celebrated 48 years in the metal finishing industry. Steve 
spent 38 years in the precious metal industry with Engelhard/ 
Metalor.  Steve was heavily involved in the electroplating indus-
try and was a member of IMF, NASF, ECS and SSEA.  He was 
president of the International Branch of the NASF. Steve played 
an active role presenting papers at conferences in Europe, USA, 
Korea, China and India, including all the SEIA conferences and 
SURFIN APAC conferences in Singapore. 

He will be missed by all his Metalor colleagues and by the 
electroplating industry.

I N  M E M O R I A M

IMAPS JOBS 
MarketPlace

Your IMAPS membership provides you with the on-line JOBS 
MarketPlace. This is a proactive, valuable, complimentary member 
service for both job seekers and prospective employers. Take advantage 
of it to find open positions or fulfill staffing needs.

IMAPS members can post unlimited job openings at no cost. Hiring 
managers can search for and view resumes of industry participants at no 
cost by using convenient sort criteria.

Member job seekers can post resumes and/or search for current 
openings at no cost. Job seekers can make their search even easier by 
setting up a job alert so compatible openings (by industry, location, and 
job function criteria) will be e-mailed as they are posted. 

Find out more information at 
http://jobs.imaps.org/home



For more information, please contact  
 Brian Schieman at bschieman@imaps.org

Exhibit at IMAPS 2015!

Pasadena Convention Center
Pasadena, California

www.imaps2018.orgwww.imaps2018.org

Exhibit at IMAPS 2018!

51st International 
Symposium on 

Microelectronics
October 8-11, 2018

Exhibition - October 9-10, 2018
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15th International Conference and Exhibition on

DEVICE PACKAGING
MARCH 4-7, 2019
We-Ko-Pa Resort | Fountain Hills, Arizona USA
www.imaps.org/devicepackaging

More technical papers, keynotes, 
and coverage of FOWLP, 3D, and 
Micro Systems/Devices than any 
other competing Conference!

- 2019 Website Opening in APRIL
- “Call For Abstracts” begins NEXT 
MONTH - submit early - space is limited
- Sponsor & Exhibit “Presale” in MAY
- The Exhibits will SELL OUT again - 
likely before September 1st!

SAVE THE DATE...  
DPC 2019!
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IMAPSource transitioned to membership level plans for  
free downloads on April 1, 2016. The number of free annual downloads  

included in your membership corresponds to your member type.

Non-members can enjoy articles and proceedings  
from IMAPSource for $20 per download.

IMAPS members are pre-registered with IMAPSource and receive a profile confirmation 
email from Allen Press.  This will help members gain unlimited download access to 
IMAPSource.  Non-members and guests will need to click Register Now at IMAPSource.org. 

In 2018, free downloads will be subject to membership level below. Non-member 
downloads will be subject to a per-article charge.

Contact IMAPS HQ today for more information about  
IMAPSource registration, member benefits, IP range setup for  

Premier Corporate and Academic Institution members and more!

2018 IMAPSource Membership Plans: Number of downloads

Individual/Senior/Lifetime 100

Corporate 300

Premier Corporate/Academic Institutions Unlimited*

Associate Corporate 50

Affiliate (International Chapters/Unemployed Members) 50

Student 25

Retired/Senior Retired/Corporate International 25

 *Unlimited package allows multiple IP range and unlimited access
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Premier Corporate Members
IMAPS has introduced a new level of support for corporate members. These 
companies have decided to participate in our Society at the Premier Corporate 
Member level. We are extremely grateful for their dedication to the furtherance of 
our educational opportunities and technological goals.
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Welcome New IMAPS Members!
January-February 2018

Organizational Members
RBP Chemical Technology Inc.
NASCENTechnology 

Manufacturing, Inc.

Individual Members
Roseann Ahlin
Abraham Akinin
Praneeth Akkinepally
David Andrew
Cassandra Armstrong
Sam Bae
Hyun Bae
Heidi Bates
Sue Bauchner
Messaoud Bedjaoui
Jennifer Beerman
Jack Belani
Mollie Benson
Eckardt Bihler
Gregory Bojeczko
David Borton
Brandon Bosse

Brent Bottenfield
Wouter Brok
Steven Brook
Marvin Burgess
Michael Carano
Claude Clement
Michael Dauphinais
Ad de Pijper
Lynn Dick
Tonya Durkin
Boyi Fu
Bryan Germann
Eric Gongora
Roopinder Grewal
Razi-ul Haque
Desmond Haymes
Tim Hoang
Jin Ki Hong
Xuan Hong
Ryan Hwang
Pat Johnson
Jack Judy
Komal Kampasi

Be-nazir Khan
Dongjin Kim
Chris Koontz
Mitch Lark
Kevin Ledden
William Liu
Yu-Hsin Liu
Thomas Lucas
Jack Mach
Joey Macsalka
Eric Maletich
Sean McLoughlin
Marko Milosavljevic
Romil Modi
Cory Nelson
Paul Nowak
Scott Nunes
Conor O’Keeffe
Edith Payan
Eddie Pedersen
Aswini Ponnaluri
Sanket Rathore
Mark Schafer

Sergey Shumarayev
Sabeur Siala
Juerg Stahl
Yoshitaka Tadaki
Hiren Thacker
Ann Trippe
University of California Irvine
Jeff Urbanski
Everett Van Zuiden
Christian Vockenberger
Kevin Walker
Charles Watkins
Mike Wentz
Jack Whalen
Joshua Windmiller
Peter Wrschka
Barry Wu
Ju Xu
Richard Yeoh
Fuxi Zhang
Jin Zou

Pasadena Convention Center
October 8-11  •  Pasadena, California

www.IMAPS2018.org
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CHAPTER NAME CONTACT E-MAIL

Angel Leadership recruitment  
in progress

Interested?  Contact Brianne Lamm  
blamm@imaps.org

Arizona Sean Ferrian sean@ferrian.com 

California Orange Bill Gaines William.gaines@ngc.com

Chesapeake Lauren Boteler Lauren.m.boteler.civ@mail.mil 

Carolinas Leadership recruitment  
in progress

Interested?  Contact Brianne Lamm  
blamm@imaps.org

Central Texas Kevin Hess k.hess@utexas.edu 

Cleveland/Pittsburgh John Mazurowski jmazurowski@eoc.psu.edu

Empire Benson Chan chanb@binghamton.edu

Florida Mike Newton Mike@Newtoncyberfacturing.com 

Garden State Leadership recruitment  
in progress

Interested?  Contact Brianne Lamm  
blamm@imaps.org

Greater Dallas Sam Forman sam.forman@m-coat.com 

Indiana Larry Wallman lwallman@sbcglobal.net 

Metro Scott Baldassarre Scott.Baldassarre@L-3com.com

New England Jon Medernach jon.medernach@mrsisystems.com 

NorCal David Towne dtowne@comcast.net 

Northwest Leadership recruitment  
in progress

Interested?  Contact Brianne Lamm  
blamm@imaps.org

San Diego Iris Labadie iris.labadie@kyocera.com 

Viking Mark Hoffmeyer hoffmeyr@us.ibm.com

Germany Ernst Eggelaar ee@microelectronic.de

France Florence Vireton Imaps.france@imapsfrance.org

United Kingdom Andy Longford Andy.longford@imaps.org.uk

Taiwan Wun-Yan Chen wunyan@itri.org.tw

Nordic Terho Kutilainen treasurer@imapsnordic.org

Benelux Katrien Vanneste Katrien.vanneste@elis.ugent.be

Italy Marta Daffara info@imaps-italy.it

Japan Orii Yasumitsu ORII@jp.ibm.com
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Advancing Microelectronics  
2018 Editorial Schedule

Issue Theme  Copy Deadline                            Ad Commitment  
                                                         I/Os Deadline

Jul/Aug IMAPS 2018 (Pasadena) Show Issue May 8 May 14

Sep/Oct Advanced Materials and Jul. 6 July 13 
 Additive Manufacturing

Nov/Dec Chip Package Integration (CPI) Sep. 7 Sep. 13

WHO TO CALL

Michael  O’Donoghue, Executive Director, (919) 293-5300, modonoghue@imaps.org, Strategic Planning, Contracts and 
Negotiations, Legal Issues, Policy Development, Intersociety Liaisons, Customer Satisfaction

Brian Schieman, Director of Programs, (412) 368-1621, bschieman@imaps.org, Development of Society Programs, Website 
Development, Information Technology, Exhibits, Publications, Sponsorship, Volunteers/Committees

Ann Bell, Managing Editor, Advancing Microelectronics, (703) 860-5770, abell@imaps.org, Coordination, Editing, and  
Placement Management of all pieces of bi-monthly publication, Advertising and Public Relations

Brianne Lamm, Marketing and Events Manager, (980) 299-9873, blamm@imaps.org, Corporate Membership, Membership 
and Event Marketing, Society Newsletters/Emails, Event Management, Meeting Logistics and Arrangements, Hotel and Vendor 
Management

Shelby Moirano, Membership Administration, (919) 293-5000, smoirano@imaps.org, Member Relations and Services, 
Administration, Dues Processing, Membership Invoicing, Foundation Contributions, Data Entry, Mail Processing, Address Changes, 
Telephone Support

ADVERTISER CONTACT TELEPHONE EMAIL WEBSITE PAGE

IMAPSource Brian Schieman 412-368-1621 bschieman@imaps.org www. imaps.org 31

Indium Rick Short 315-381-7554 rshort@indium.com www.indium.com 11

Master Bond Robert Michaels 201-343-8983 info@masterbond.com www.masterbond.com 16

Mini-Systems, Inc. Craig Tourgee 508-695-0203 ctourgee@mini-systemsinc.com www.mini-systemsinc.com back cover



C A L E N D A R  O F  E V E N T S

start  end

5-1-18 5-1-18 IMAPS New England - 45th Symposium & Expo 
  Boxborough, MA 
  www.imapsne.org

5-8-18 5-10-18 HiTEC 2018 - High Temperature Electronics 
  Albuquerque, New Mexico 
  www.imaps.org/hitec

10-8-18 10-8-18 Topical Workshop & Tabletop Exhibition on Wire Bonding 
  Pasadena, CA 
  www.imaps.org/wirebonding

10-8-18 10-11-18 IMAPS 2018 - Pasadena 
  Pasadena, CA 
  www.imaps.org/imaps2018

2018
MAY

OCTOBER

Visit IMAPS.org to see all upcoming 
Advanced Technology Workshops and Conferences



http://www.mini-systemsinc.com
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