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Vision 2017
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100Gbps wireless
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Why on-chip?

» No external mm-wave
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Why on-chip?

» No external mm-wave
interconnect

» Direct matching of antenna and
—IF

amplifier

» Antenna size at mm-waves

makes it affordable
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The controversy

Well, that’s a good idea then!?
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The controversy

Well, that’s a good idea then!?
“No, that’s never going to work!"

» silicon is too lossy
» radiation efficiency is too low

» adequate post-processing
steps too expensive

Antenna-in-Package is the best
solution!
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My Ph.D.-thesis topic

Who'’s right?
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Outline

Antenna-in-Package

Antenna-on-Chip

Hybrid concept

Conclusions
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Antenna-in-Package concept
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Antenna-in-Package concept
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Antenna-in-Package concept

mm-wave front-end module

frequency
up-converter  amplifier

antenna

local

™~
L=
osclllator I

amplifier

frequency
down-converter

front-end electronics

» V-band interconnect
solved inside module

» high frequency
in-/output reduced to IF

= High performance and ease of use!
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A typical solution

A generalized typical solution could look like this:

antenna

/ (array)

front-end
chip

vias

This is undoubtedly elegant, but... often LTCC is used, which is (still) too
expensive; moreover...
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Stacked standard PCB technology

... the alignment in multilayer PCB technology poses a challenge?:

PCB Sample 1

PCB Sample 2 PCB Sample 2

1 M.1. Kazim, et al., "Half truncated icosahedral passive electromagnetic deflector for the 60 GHz band," EuCAP 2010, pp.1-5
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Our proposal (1/2)

This is what we came up with instead:
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Our proposal (1/2)

This is what we came up with instead:

front-end
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Design tape-out
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Design tape-out

unit: mm
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Measurement results

Input impedance

—— measurement — Re(Zin) il
—— measurement — Im(Zin}
— — simulation — Re(Zin)
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Measurement results

E-plane (@ 60 GHz) H-plane (@ 60 GHz)

— — simulation — — simulation
—— measurement —— measurement

-50 0 50 -50 0 50
angle [] angle [°]

max. gain: ~ 10 dBi
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Radiation efficiency

Mrad =93 %
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Radiation efficiency

Mrad =93 %

including interconnect? with S,; =-0.65 dB:

2 K. Pressel, et al., "Embedded wafer level ball grid array (eWLB) technology for system integration," CPMT Symposium Japan, 2010

T U Technische Universiteit
. . . Eindhoven
/department of electrical engineering e University of Technology



Radiation efficiency

Mrad =93 %
including interconnect? with S,; =-0.65 dB:

Mrad = 80 %

2 K. Pressel, et al., "Embedded wafer level ball grid array (eWLB) technology for system integration," CPMT Symposium Japan, 2010
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Yield analysis

A quick yield analysis:

——sample #1
[| —— sample #2
——sample #3
|| —— sample #4
——sample #5
~——— sample #6

50 55 60
frequency [GHz]

/department of electrical engineering

70

TU/e

Technische Universiteit
Eindhoven
University of Technology




Antenna-on-Chip
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Silicon losses

Resistivity in microwave terms
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Test-chip

silicon ground down to 200 um

T U Technische Universiteit
. . . Eindhoven
/department of electrical engineering e University of Technology



—— measurement — Re{Zin)
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|| ——measurement (Z0 =60 Q)

— — simulation (Z0 =60Q)
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Measurement results - measurement package

glob-top
!

topside
metallization

backside center
metallization of cavity
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Measurement results - measurement package
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Radiation efficiency

Mrad = 45'60 0/0
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Radiation efficiency
/./Lrad = 45'60 c’/O

What resistivity would be required to achieve AiP value?
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Radiation efficiency

Mrad = 45'60 c’/O

What resistivity would be required to achieve AiP value?
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Radiation efficiency

Alternatively, there are several (post-)processing options available:
» Proton implantation
» Micromachining
» superstrate, dielectric resonator, or lense

» MEMS-technology
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Radiation efficiency

Alternatively, there are several (post-)processing options available:
» Proton implantation
» Micromachining
» superstrate, dielectric resonator, or lense

» MEMS-technology®

3A Mahanfar, et al., IEEE Trans. A&P, vol.58, no.9, pp.3020-3028, Sept. 2010
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Radiation efficiency

Alternatively, there are several (post-)processing options available:
» Proton implantation
Micromachining
superstrate, dielectric resonator, or lense
MEMS-technology?
EBG?

3A Mahanfar, et al., IEEE Trans. A&P, vol.58, no.9, pp.3020-3028, Sept. 2010
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Hybrid concept

T U 'Eelczaische Universiteit
/department of electrical engineering University o Technology



Hybrid concept

Use a standard, low-cost technology, e.g.,

T U Technische Universiteit
. . . Eindhoven
/department of electrical engineering e University of Technology



Hybrid concept
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Hybrid concept

Use a standard, low-cost technology, e.g.,

plastic
package

bond-wire
antenna

wire-bond technology!
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Modeling
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Modeling

Integral equation:

kb ag? | Ry(p—¢)

- i 1 92 | e—ikbRy(9—¢")
(Eenor] =27 [ [kb cos(p — ¢) + ]—l@/)dw’, W
¢ 4w Jy

R(?—'F):R(¢—¢’)=\/4sin2 (<p—2 . @)

T U Technische Universiteit
. . . Eindhoven
/department of electrical engineering e University of Technology



Prototype
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Prototype

feed-line
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Measurements

Input impedance:

——measurement — Re{Zm)

— — measurement — Im(Zin)

- —-.simulation — Re(Zin)
simulation — Im(Zi")
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Measurements

Input impedance:

Radiation efficiency:

—— measurement — Re{Zin)

— — measurement — Im(Zin)
- —-.simulation — Re(Zin)

simulation — Im(Zin)

Woq [%]

50
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50 60
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Yield analysis (1/2)

What about yield?
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Yield analysis (1/2)

What about yield?
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Yield analysis (1/2)

What about yield?
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Yield analysis (1/2)

What about yield?
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Yield analysis (1/2)

What about yield?

yield [%)]

.,,
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Yield analysis (2/2)

vield [%]
(Boq =25 um)

yield [%]
(Boy =50 um)

100

99.97

100

99.97

100

99.97

100

99.61

100

98.83

99.98

94.02

99.12

83.23

76.36

47.87
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Conclusions
What’s the best technology then?
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Conclusions
What’s the best technology then?

design direct rad
flexibility | matching
AiP high no 80 %
AoC moderate yes 45% %
Hybrid low yes 80 %

imaging, spectroscopy
(astronomy, security,
medical)

state-of-the-art
consumer products

! [
T 7
300 3k f [GHZz]
1cm 1 mm Tum A,

* E. Ojefors, UR. Pfeiffer, A. Lisauskas, H.G. Roskos, Techmische Universitelt
"A0.65 THz Focal-Plane Array in a Quarter-Micron CMOS Process Technology,” T U Fochnische Universi
@ Do rechnology

/department of electmﬁﬁa@m@rrﬁg Journal of , vol.44, no.7, pp.1968-1976, July 2009
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Conclusions

An endless controversy?

Probably yes!
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By the way,...
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STUDENT CHALLENGE

Poster preparation/presentation of a novel concept
developed in teams during the EuUMW 2012

Sponsored by
THALES

Online registration
starts July 2012

www.ele.tue.nl/EuMW2012/ studentchallenge2012gtue.n!
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That’s it, folks...

front-end
chip antenna

high frequency
substrate

Thank you!

V-band IC plastic
package
bond-wire
antenna
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state-of-the-art imaging, spectroscopy
consumer products (astronomy, security,
medical)

3K
Tum

e e o

Technische Universiteit
Eindhoven
University of Technology




	Antenna-in-Package
	Antenna-on-Chip
	Hybrid concept
	Conclusions

