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Microwave/THz MEMS@KTH
(School of EE and CS)

Group size:

- 1 professor

- 3 senior researchers
- 10 PhD students

Average external project funding:
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KTH & ACREDQ IN COLLABORATION

- 1300m2 class 100 cleén—room for
MEMS, photonics, III-V, SiC
- MW characterization (VNA, antennas) to 500 GHz
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Micro-mechanics

MEMS
Micro-ElectroMechanical Systems
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RF (radio—frequency) MEMS:
mobile phone antenna tuners,...

:

Semiconductor

clean-room inertial sensors,
manufacturing: microphones, ...

- miniaturization

_ very high volume billions devices/year,

- very low cost <1 EUR/dev
Revolutionized
Revolutionized sen:sotrs ?nd
i i user interfaces
Information age Typical performance:

- insertion 10ss<0.5dB@38GHz
- isolation: 23dB@10GHz, 18dB@36GHz
- linearity IIP3>65dBm
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MEMS examples
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Electromagnetic

Actuation »*=
C‘))

Electrostatic

Actuation
Q)

Moveable micromirror“or LIDAR

?;\\ _ Movable Sense

Stationary

Analog devices SP4T MEMS switch:
: ‘Zji‘i‘""“' 13 GHz BW, IL 0.45 dB (2.5 GHz),

N 1ISO 30 dB (1GHz)
MEMS gyroscope 3.4 billion cycles (hot switched, 10 dBm)

Stationary =
Sense
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RF (radio—frequency) MEMS:
mobile phone antenna tuners,...

Electronics THz Ga,. Phr achics

THz MEMS revolutionizing
= exploitation of THz spectrum =

angy__28KU #1806 106vH WD38

microwave
geometries

are 3D 3D-micromachining

s

3D micromachined waveguides

2019-12-12 Joachim Oberhammer




Why micromachining?

ROYAL INSTITUTE
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« Feature sizes/tolerances: down to um
=> accurate geometries for THz-wavelengths ¥ & |
« Surface roughness: down to nm e

WD= 3mm Mag= 535KX Time :15:07:30

=> ultra-low insertion loss
« Ultra-high aspect ratio geometries:
« Vertical features: 110:1
« Horizontal features: 1000:1
« Alignment accury: <2 um
« Volume manufacturable
« High product uniformity
« Low cost in high volumes

« Integrated MEMS microactuators
=> reconfigurability
with near-ideal performance

Micro electromechanical systems

2019-12-12 Joachim Oberhammer



Module 3:
Mixer and
Coupler

Module 2:
Multipliers

Module 1:
Amplifers
(Optional)

State-of-the-art THz microsystems:
340 GHz 8-pixel transceiver for
imaging radar (JPL)

[T-THzSciTec 2015]

Mixer Bi
ixer Bigis gl =

A Matching

*\_ “ and Routing

Hybrid /

Coupler -
9) -

Waveguide Vertical Bengd
Load to Horn Antenng
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Micromachined THz stacked-chip
antennas by JPL
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NORTHROFP GRUMMAN

Power-combining at 1 THz

Integrated 4-way Power Combiner

4 amplifiers WG power combiner

Gain (dB)

-10 * '
0.8 085 09 0.95 1 105 11
Frequency (THz)

[SN23026200 SN230262

0.4 mW Measured Power at 975 GHz

— Split block housings proven effective, but
— Expensive and difficult to mass produce
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Micromachining & MEMS enabling new ways
of building THz components and systems

ROYAL INSTITUTE
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v 1000x smaller
- "K 1000x lighter
100x lower cost
10x less power consumption

reconfigurable
volume-manufacturable

MMIC (SiGe, InP, GaAs)

THz technology = stone age
- bulky

- heavy

manually assembled

expensive

only for scientific instruments

not volume manufacturable

THz microsystems:
Enabling the large-scale exploitation
of the THz frequency spectrum

2019-12-12 Joachim Oberhammer o




Micromachined THz Systems at KTH
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MMICs (SiGe,
InP, GaAs)

with waveguide
interfaces

—

Low loss =
waveguides:

0.020 dB/mm @ 270 GHz
0.008 dB/mm @ 170 GHz

Low loss waveguide power combiners
and couplers (0.2dB IL@320GHz)

S-parameters, dB

0 285

65 270 275
Frequency, GHz

Filters: Q=800@450GHz,
Q=1600@170GHz

Silicon

\ Integrated waveguide
\absorbers

microchip

MEMS phase shifters

to 750GH il
\ ctuate
up to Z N

MEMS wavég'u'i\dé switches: Antenna arrays, 320-400 GHz:
220GHz: 50dB ISO, 0.6dB IL  16x16: 34dBi gain, 0.8dB IL
32x32: 38dBi gain, 1.4dB IL

Micromachined medical
sensor interfaces

2019-12-12 Joachim Oberhammer 11



Combining competences in

1 l \ Measurements&

Advanced micro- characterization @
wave design Advanced silicon -VNA67-500 GHz

micromachining - Antenna robot

ROYAL INSTITUTE
OF TECHNOLOGY
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Examples of sub-THz
micromachined/MEMS devices
recently implemented at KTH
(since 2015)

Basic components: Complex components:
- Waveguides - Orthomode transducers
- Couplers, splitters, matched loads - Antenna arrays
- Waveguide switches, phase shifters
- Ultra high-Q filters Systems:
- Telecom front-end integration
platform

- Beam-steering/radar
demonstrators
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Micromachined
waveguides
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Ultra-low loss micromachined
waveguides at 110-330 GHz

0.00
0.01 o1 =4.10 x 107 S/m
220-330 Ghz o “— gt
0.020-0.070 dB/mm o » e
o 0.04 'HM]I-H_NMM“
Q,.~750-800 (270 GHz) S 0 iy e
[IEEE THzSciTec 2018] 1 0.06
\.&. 0.07 | .
U 0.08 IL /mm, sq7 corrected
Best performance 0.00
of any waveguide in oood om0 220 200 20 500 530
any technology in - S O B S
these bands! £
E0.00S— '///
(ah)]
110-170 GHz: R L S e
0.008-0.016 dB/mm .
QULN16OO ;&'0.012—
—— Measured
[IEEE IMS 2018] Do L e o7
[IM52018] = - o= 1.40e + 07
0.016 T T T T T
110 120 130 140 150 160 170
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Qe = acO(]- + Krough)

Ultra-low loss micro- 2 R
. - Krough = Ztan~! [1.4 (—a)]
24 machined waveguides T g
T e 458 x 10-5 \/z [22("}) +1 -
7 Loy (B

Conventional approaches:
L S .
T
E-plane split Single H-plane split

(a) waveguide sidewall

1500
1000
500

]
—500
— 1000
— 1500
—2000

-
OO

(1) SOI wafer ¢
handle layer,'

110-170 GHz: 220-330 GHz: ;3 3
0.008-0.016 dB/mm 0.020-0.070 dB/mm 5
QuL~1600 Q. ~750-800 %

2019-12-12 Joachim Oberhammer (b) waveguide top and bottom
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Ultra-low loss micromachined
3-dB coupler at 220-330 GHz
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s, Ultra-low loss micromachined
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Interfaces & measurement
technology

ROYAL INSTITUTE
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AB2 AB3 AB4

absorber wedge

cavity backshort

I I
240 260 280 300 320
Frequency (Ghz)

[EuMC 2017, IMS 2018]

reference plane

g x10°

0.19

Circular

or7l . rg : g:lri;:gn | Elliptical 1
%o o Elliptical 2 2 W NS \
O Reference s
P 0.16 . 4 0 otself e
-0.12 -0.1 -0.08 -0.06 220 240 260 280 300 320
Measurement interfaces: Re(r) () Frequency (GH2)
High-precision flange to microchip alignment method [IEEE IMS 2017]
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Ground plane Signal line

Electrode

Ferroelectric
thin film

Substrate

Transmission lines waveguides

Common
Signal Contacts ,
pa———s ~
Control Contact ’ m—

RF MEMS planar switch MEMS waveguide switch

2019-12-12 Joachim Oberhammer 20



How to build a MEMS waveguide switch?
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MEMS:

- 100 000 x smaller
- 100 000 x lighter
- 10 000 x faster

- equal performance

TE10 mode

NON-BLOCKING e G

L §
’ 200m ENT Signel A= SE2 Date :11 Dec 2012

30 um thick!
thinner than a hair

2019-12-12 Joachim Oberhammer 21



500-750 GHz
MEMS waveguide switch

- First MEMS waveguide switch above 70 GHz
* First sub-mm-wave MEMS switch
* First MEMS switch above 220 GHz

 Insertion loss: 2.5 dB
o IsoI‘ation': 18-'25 dB

_——————H———

Non-blocking state |

i

Cap chip

=) Blocking state
-

.15t \

Flanges

Reconfigurable 20k
Comb-drive surface
A -25t|- - Simulated
: 30| = Measured
APILIES 500 550 _ 600 650 700 750
Frequency (GHz)

[IEEE IMS 2016, IEEE THzSciTec 2017]
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High on/off ratio 183 GHz switch
for radiometer calibration

Prototype measurements:

ROYAL INSTITUTE
OF TECHNOLOGY

0 0
- 0.2
0.4
0.62
= Measured
-0.8
» performance
-1.0
flange-to-flange:
60} TUD Dmermemmomol 12 Jncartion loss:
Switch concept (measured) n Se r IO n OSS -
-70 : : n n . . - -1.4
140 150 160 170 180 190 200 210 220 <0.6dB
Frequency (GHz) ISO | at| on:
(a) '
- >50 dB
VN
A : o For whole band
0.4 Blocking state on-blocking stat¢  |-10
A0 e e 140-220 GHz
¢ 0.6} 1-15 ~
e Y = 0.8} 202
b / = |- Reference waveguide (meas.) =
‘C / w_1.0F === Switch concept (simulated) 25w
A ‘J / Switch concept (measured)
[ [ N 12 {-30
Flange Cap chip MEMS switch chips 5‘1.
o —1.41';:':{#\.,,, Smee e Y . -35
1.6l i U ~40

140 150 160 170 180 190 200 210 220

Frequency (GHz)
2019-12-12 Joachim Oberhammer (b) 23
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Generation 1 | Generation 2 | Generation 3 |
60-70 GHz 500-750 GHz |(140-220 GHz

Insertion loss 0.3-0.4 dB 2.5 dB <0.6 dB
Isolation 30-40 dB 18-25 dB >50 dB
On/off ratio 54 9 295

Reconfigurable

Comb-drive surface

actuator

Springs

500-750 GHz switch

3
-40F Blocking state

MEMS waveguide switches by KTH

(micro electro mechanical systems)

0
1-0.2

J0a

1-0.6 %

Non-blocking state | 0.8 o3

50 -1.0

60k —r— = R Reference waveguide (meas.)[]_1 .2
— — —  Switch concept (simulated)

70 SwitchIconceptI (measu}‘ed) -1.4

140 150 160 170 180 190 200 210 220
Frequency (GHz)

140-220 GHz switch

2019-12-12 Joachim Oberhammer

24



. 900-600 GHz 3.3 bit
MEMS phase shifter

ROYAL INSTITUTE
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O T T T
) SR S S oL i i i@ iT iUl |
: ' ! 500 510 520 530 540 550 560 570 580 590 600
) SR R SR Frequency (GHz)
— RS Raso - S S A S a
e
Z 4
a p———
0 T i _
'_yi_;'_';;'_;?._* ____7__7___ L , ] e e Rt SRR R chE b —
— - - - -7 -------------------------------------------------------------------------- |
Lﬂ =T [ = . L I

- I I
500 510 520 530 540 550 560 570 580 590 600
5

First sub-mm-wave MEMS circuit

First RF MEMS above 200 GHz

First MEMS phase shifter above 110 GHz
First MEMS waveguide component
above 70 GHz

[IEEE IMS 2015; IEEE THzSciTec 2016]

0

Phase Shift (deg.)

25 R R T N N

500 510 520 3530 540 550 560 570 580 590 2@?0

2019-12-12 Joachim Oberhammer Frequency (GHZ)
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Ultra-high Q filters

2019-12-12 Joachim Oberhammer
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KTH micromachined
mm/sub-mm wave
filter technology

0 -
o
r_ — |S1 4| - measured
-10 + : _|821| - measured |
0 .20 ': _ O ISHl- simulated
T :; | h + IS:HI - simulated
8 -%0]
Q@ a Y TR
S 40 °
S @ #*
o) -50 Sl o 1
7 3%‘ ;!
+
-60 | ¥
_H_
_?D I I + 1 I 1 I
250 255 260 26 270 275 280 285 290

« Best performance for any

Frequency, GHz

[IEEE IMS 2017]

comparable filter design in any
technology in this frequency band

S-parameters, dB

—_— |S11\ - measured
— |821\ - measured
o |S“\ - simulated

+ |821\ - simulated

75 L + 1 1 1 L L L L
265 266 267 268 269 270 271 272 273 274 275

Frequency, GHz

fo = 270 GHz, 1.85% frac. BW
(267.5...272.5 GHz)
avg. IL=1.5dB (best IL=1.25dB)
avg. RL=-18dB (worst = 16dB)
rejection: >30 dB (<264, >276

GHz)

Cavity 1

vvvv

lllll

WR-3.4
interfaces
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KTH micromachined sub-THz filters:
best Q-factors in any technology

ROYAL INSTITUTE
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270 GHz, narrow-band: 450 GHz, ultra narrow-band:
0 l————— ==
measured P 5, ~ meas. F1
10+ - |321| - measured| 1 r : . . Y A SII meas. F1 [
. i } - -8, —meas. F2
o 20| o [S,,l-simulated | -10F & - __S  —meas. F2]
° simulated e '.1‘ : : _s:: simul.
5 30 Eﬂ ‘;’ 5, — simul.
p 220" :
= e
© -40 - g
e T
Q %
v -50 -30 -
-60 +
40 b= L i . LB
-70 ' ' ' ' ' 440 445 450 455 460
250 265 260 26 270 275

Frequency, GHz
Frequency, GHz

- f,=450 GHz, 4p
- fp=270 GHz, 4p2z -1.00% FBW, IL=2.5dB
-1.85% FBW - Quniondeq=790
. _ unloade
: I'——1-5dE_5:8%'(-)— 8B e IMs 2017 - first 1%-BW filter at sub-mm
= Qunloaded™= IEEE TMTT 2019] wave frequencies! [IEEE TSTT,2019]
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KTH micromachined sub-THz filters:
best Q-factors in any technology
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Telecom diplexer:
Wide-band example: 141-148.5,
5.2% FBW, 141-148.5 GHz 129-134 GHz

Magnitude (dB)

Magnitude (dB)

-70 - - m —— 511, Measured

! ! ! —— S51, Measured

~80 135 140 145
125 1é0 11I35 1:10 14I15 1é0 155
Frequency (GHz)
< O . Sd B I L[ QULN 1 600 _1401;0 120 130 140 150 160 170
[IEEE IMS 2018] <1.5dB IL, >60 dB isolation
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What is next?
Current micromachined filter
development activities

Pushing current technology:
» 700 GHz filters with 1% fractional bandwidths

New generation technologies:

* W-band (75-110 GHz) filters with Q factors >5000

» 183 GHz narrow-band filter banks with Q factors of 5000
» Fabrication-tolerance insensitive filter geometries

2019-12-12

Joachim Oberhammer

30



Micromachined ortho-
mode transducer (OMT)

2019-12-12 Joachim Oberhammer
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Micromachined orthogonal mode
transducer (OMT) at 220-330 GHz

e First turnstile OMT above 110 GHz

Micromachining enables microwave devices at
so far unreachable frequencies!

Size only 5x5x0.9 mm?3

Combining very complex
3D geometries
(9 etched Si layers)

2019-12-12 Joachim Oberhammer 32




Micromachined orthogonal mode
transducer (OMT) at 220-330 GHz

« First turnstile OMT above 110 GHz
« Enabled by micromachining

« 2um alignment needed 1=
- W
— Layer 3 (Mask 3): 275um
oo —  Layer 2 (Mask 2): 95um

— Layer 1 (Mask 1): 30um

| [IEEE IMS 2018]
2019-12-12 Joachim Oberhammer 33



=M Micromachined orthogonal mode

FKTHER

ko4 transducer (OMT) at 220-330 GHz
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O
10 Return loss (dB) >16 dB

>16dB RL full band

-20 I LR S 1

-30 ll \\“ ".,’ \\“\~,,,’ “ N

40+ :

_50 1 1 1 1 1 |
220 230 240 250 260 270 280 290 300 310 320 330
freq. (GHz)

Cross-polarization
measurement, with 0 : ‘ ‘ ;

micromachined interposer

| Cross-polarization S12 (dB):
207 floor 50-70 dB; spikes >35 dB

| ' [P—
40 ." ‘s' l\ I Al
[l w‘ [ | | | fl i\l
1 Moy !
‘ : ‘|| ‘ ‘l‘ll ’\‘\’“ll“ ‘ \ ‘;‘W‘ ' II M’ "f\‘\ﬁ‘l“l‘,““ ‘ ‘ ,IH v:““ w"" ’ ull |
| A il | | | Il | IO | H ,,‘w.‘_\"“..""" A “ \ n' ’3"‘1’.' N
60 | A L ',‘ i [ u'u I T o AR
| “.‘I'H “'Ar’wl\,‘y,"‘ [ | Hf !
4 Insertion Loss S31, S32 (d B) <0.6 dB VA
220 230 240 250 260 270 280 290 300 31 0 320 330 -80 : ‘ : ; : ; : ‘ ‘
freq. (GHz) 220 230 240 250 260 270 280 290 300 310 320 330

freq. (GHz)
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More complex systems:
A micromachined TxRXx
integration platform for
D-band point-to-point
communication links

2019-12-12 Joachim Oberhammer 35



Highly-integrated, micromachined

sy D-band communication link
WS cualveRs @5 @ ANTERAL

o o
(Infineon Csem Ericsson TECHNIKON

a7

|
|
|
|
|
|
|
|
|

N Mlcromachlnedwavegu1de

sicboard @ =

Open Waveguide
ke Interface

Silicon-Micromachined
Integration Platform

2cm

—

—
—
—
—
—
—
—
—
—
—
—
—
T —
—

Silicon-Micromachined
Waveguide Diplexer

Slot Antenna

TERA — _ :
2019-12-12 Joachim Oberhammer [IEEE THz Sci Tech 2019] 36



A micromachined high-gain
leaky-wave antenna for beam
steering at 220-300 GHz

2019-12-12 Joachim Oberhammer
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Micromachined "pill-box"”
RENNES 1

beam-steering antenna

Parabola and coupling
slots

Input waveguide

Chip 3: Interface to standard
\\ waveg‘u/ide flange o

Chip 2: Pillbox

Teflon sheet /

Chip 1: LWA

Parabola and transition to
dielectric
PPW

Radiating ape
> = -
- '&

-

g g e

|

b g,
- - AL
= )

- [IEEE T-AP 2019]
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UNWEHSITEDE% MicromaChil‘IEd “pi"-bOX"
RENNES 1
Leaky-wave antenna

[IEEE T-AP 2019]




Micromachined "pill-box”
beam-steering antenna

[IEEE T-AP 2019]
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A Micromachined high-gain
"RENNES1T beam-steering leaky-wave
_antenna 220-290 GHz

N
o

[55)
(=]

A
o
I N I I

ANy 3 \ \ N

o \ s N

YN 7 1 Y N ~

PN ' \ . N

N O A x N

Normalized E-field (dB)

n
3
T

-60

o -

I I \ I
-80 -60 -40 -20

Elevation (deg) 230 240 250 260

e size: 24x24x0.9 mm?3

» 220-300 GHz frequency sweeping
=> 20°-75° scanning (55° field of view)

* measured gain: 28.5 dBi

» measured average HPBW: 7°
[IEEE T-AP 2019] |
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Radar demonstrator based on
micromachined beam-steering antenna
at 220-300 GHz

Micromachined radar front-end:

« 20x20x 0.9 mm3

« 220..300 GHz freqg. sweep,
20..75° scanning (55° FoV)
3.5-10° HPBW

« <0.5 cm range resolution at

{  <10° angular resolution

!
Normalized Magnitude [dB]

R

=l 0 01 02 03 04 05 06 07 08 09 1
= Range [m]

[IEEE IrMMWTHz 2019]

-80 -60 -40 -20 0 20 40 60 80

2019-12-12 Joachim Oberhammer Elevation (deg) 42



Beam-switching using MEMS
waveguide switches

2019-12-12

Joachim Oberhammer
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dielectric lens

4
’ , Focussing system:

MEMS waveguide switches
for reconfigurable front end

Multi-substrate micromachined-
waveguide low-loss distribution
network

Standard waveguide flange
interface (high system modularity)
Active TxRx radar front-end in
standard split-block technology

@] THz MEMS for radar beam steering

micromachined, H-plane tapered,
E-plane stacked horn antennas

>;] lower frequency
Pk %J middle
\v 3 & frequenc

higher
frequency

micromachined
slow-wave delay
waveguide network
(alternative: THz
MEMS phase shifters)

238-248 GHz car radar
- micromachined beam-steering front-end
- intelligent beam-shaping

4" <—_ heterogeneously
integrated SiGe MMIC
(alternative: graphene MMIC)

power
splitters

MEMS-switched 340 GHz industrial radar:
- 340 GHz, 30 GHz BW, 4x1 and 4x2 arrays

- using MEMS Waveguide switches:
<0.6dB IL, >50 dB ISO

2019-12-12 Joachim Oberhammer
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Ultra-compact, corporate-fed,
large-scale antenna arrays at
300-400 GHz
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! Micromachined super-compact,
Tokyo Tech Super high-gail‘l antennas

; \f\lignment pins

’ ~ x‘ Nylon screw

% = S
X 7,407,’7\‘ /6*//'\ ’
Single-layer feeding network to 2x2
sub-arrays => 16x16 antenna array

LA B R EEE—
T
[KTH, IEEE T-AP 2019] s vl Y

Radiating elements
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Tokyo Tech

Micromachined super-compact,

super high-gain antennas

16x16 antenna array: 256 elements
320-400 GHz, 80 GHz BW

Directivity:

Gain:

Loss:

HPBW:

Radiation efficiency:
Avg. RL in band:

33.5 dBi
32.8 dBi
<0.8 dB
<4.2°
>82%
15 dB

Size:
12x12x1.1mm?3

32x32 antenna array: 1024 elements
320-400 GHz, 80 GHz BW

Directivity:

Gain:

Loss:

HPBW:

Radiation efficiency:
Avg. RL in band:

39.7 dBi
38.2 dBi
<1.6 dB
<2°
>60%
15 dB

Size:
24x24x1.1mm?3

2019-12-12
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! Micromachined super-compact,
Tokyo Tech Super high-gail‘l antennas

\ oY\
1

16x16 antenna array
320-400 GHz

20

-return loss (dB)

30
————— Simulated data
— Measured data
_40 1 1 1 1 L 1 1 1 1
300 320 340 360 380 400 420 440 460 480 500

f (GHz)

Measured RL: 80 GHz BW
32x32 antenna array |, “‘{ ’ ;4--‘.”,.
/,\ ' ‘ ! l

320-400 GHz M.
10 | | ,\ ’I‘ ‘
20 F “M?’ 'Y .‘

-return loss (dB)

T

|

I

.

| i i ————— Simulated data

1 i ' Meas. 32 x 32 antenna #1
! Meas. 32 x 32 antenna #2

-30 -

_40 1 1 1 1 1 1 1 1
300 320 340 360 380 400 420 440 460 480 500
f (GHz)
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EEEEEEEEE Micromachined super-compact,
oo SUuper high-gain antennas

('F TECHNOLOGY

—
—

16x16

4 S - 16x16 array
.._-_.:::1::::&-_ antenna
3 b
Measured HPBW nten
) antenna
array
22{_ ‘‘‘‘‘‘‘ 32x32 array
B -
1.5 - ' ' ' ' ' l |
330 340 350 360 370 380 390 400
f (GHz

elev. (deqg)
elev. (deg)
elev. (deg)
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Dielectric waveguides
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o

F5y,

] Silicon-core metal-WG 220-330 GHz

9 9

TR

ROYAL INSTITUTE 0
OF TECHNOLOGY

-10

. Scaling by /e = 3.44

-16
50}

‘_Measured S”....Sirnulaled S11 == «Simulated S12_Measured 912‘

-60
230 250 270 290 310
Frequency (GHz)

WG line IL = 0.14 dB/2,

100um

01 10.0kV 6.5mm x80 SE 11/ 500um

S,, (dB)

-25

—Measured S11

--e-Simulated S, T
-30 )

.... Simulated 312 1-4.5

—Measured S,
35 L 1 I L 1 L -5

230 250 270 290 310
Frequency (GHz)

Transition pattern

CPW transition IL < 1 dB

V 6.7mm x45 SE 11

2019-12-12 Joachim Oberhammer [THZSCiTEC 2018]

51



Dielectric rod waveguides (DRW)
antenna with integrated
photonics/microwave converter

Sub-THz Wave

0
High-resistivity Si ﬂ an

30
DRW 0.5 mm

DRW
Lens

60 -60
I mm

PCA 10 mm

90 -90
-5 0 9 10 15

// Directivity [dBI]

DRW antenna (14.7 dBi directivity)

Dual-line photonic compared to lens

signal, 1.5 um

PCA ... photoconductive antenna: bow-tie
antenna with InGaAs photodiode [KTH, unpublished]
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Dielectric rod waveguides (DRW)
antenna arrays with integrated PCAs
for beam steering

Sub-THz 1x4
e Optical
I I—r
beamforming
network

1550 nm
Modulated Photonic chip PCA array Dielectric rod Beam steering
signal antenna array

PCA ... photoconductive antenna: bow-tie antenna with InGaAs photodiode

[KTH, unpublished]

2019-12-12 Joachim Oberhammer 53



Dielectric rod waveguides (DRW)
antenna arrays with integrated PCAs
for beam steering

Sub-THz wave

1 mm

30 20

AD =07
Ad = 30° .y . .
AD = 60° | Silicon-micromachined prototype
60 A® = 90° [0 for 85 GHz 4x1 array
90 -90
-20 -15  -10 -5 0 ]
Relative gain [dB] [KTH, unpublished]
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Conclusions

« micromachining: an enabling technology for high
performance, miniaturized mmW and sub-mmW systems:
— Very small and accurate feature size and surface roughness
— High product uniformity, volume manufacturable
— Integrated micromechanics => near-ideal reconfigurability

« KTH has shown many high-perfonance devices:
filters, diplexers, phase shifters, switches, couplers, OMT
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