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200-300 GHz Wireless Backhaul

Growing demand for wireless communications: endpoint and backhaul
Large available spectrum & massive # of parallel channels — high capacity. ©
High atmospheric/path losses & high blockage & poorer PA/LNA performance. ®
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200-300 GHz Wireless Backhaul

200-300 GHz backhaul: 100+ Gb/s feasible over ~km range.
— develop 200-300 GHz transceivers

ICs — Modules —> Links

| of
Inverted microstrip I Q Normal microstrip

200 GHz direct-conversion RX

LO multiplier
chain
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Teledyne 250 nm InP HBT

MET4

f__ =650 GHz

Jmax _ 3 mA/IJm All Dimensions inpm 3.0
Bycgo= 4.5V o — o] =
Four interconnect levels I
Microstrip lines (M4 signal, M1 ground) T el s
0.88 dB/mm, 0.9 dB/A @ 200 GHz RN
1.0 dB/mm, 0.78 dB/A @ 280 GHz wer | 7
Resistors: 50 Q/square = — ]|
MIM capacitors: 0.3 fF/um? ;

Representative cross-section of TSC250 IC technology. Drawing is not to scale.
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200 GHz Recelver IC
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WR-5
Coupler

RFin

S
Spectrum
analyzer |+

200 GHz RXIC
30 L 1 " 1 L 1 n 1 n 1 L 1
m 25 F
; Phase Gain : < 1
Lo multipler Splitter Block RX -Qmixer | £ 201 B
i chain T LNA o ] L
256 GHz | prase| |° > +®j i | - § 157
‘*@@* Shifter >|-@ /?T<]“i_ § 10 - -
: 909 i : > | L
: T s ] —e— Meas. LO @ 207 GHz B
VV : ‘ o 3 | =——-- Sim. LO @ 207 GHz I
Inverted microstrip +I ; Normal microst ip 0 . T |90- |9 T 2(|)()l 2(I) T 21 0 T 2| T 250
185 190 195 5 21 15
_ Measured/Simulation Freq, GHz
5 IR [T NN S NS [T NI NS N I__.__I "
Peak CG 25dB od s |
3dB BW 25 GHz / 25 GHz -5 4 L
1
Pinids -24 dBm 2 -10 A -
Poc 825 mw 8151 i
-20 - L
NF 8.5dB /8.5 dB A —+— Meas. RF @ 206 GHz
2540/ e---- Sim. RF @ 206 GHz
Chip Size 2.3 mm x 0.85 mm 30 -+—+———r—r—1r+r—r"—1r+—1r+—1"—1
50 -40 -30 -20 -10 0
Pin, dBm

18 Oct. 2023

BB out (I or Q)

Conversion Gain, dB

Noise Figure (DSB), dB

Spectrum
analyzer

25.6 GHz

30 | 1 1 1
254  aemtTTTTTTTTTIRee- B
20 ] /A/\W i
154" -
10 B
—e— Meas. BB @ 1 GHz
ST - Sim. BB @ 1 GHz i
0 T T T T T T T T T T T
185 190 195 200 205 210 215
Freq, GHz
1 T
l --1 Nolae Sounee
10 R S et —‘r_ 2625 GHz
| — _)'__—____ 210 GHz Rx IC
e
s = NP S, I
OB Y Y SN PRpr s S — 5 um device 6.7 dB
_--e--Simulated :
1-stage LNA 7.5dB
200 2C|)5 210 215 220 NF of Rx 8.5-8.8 dB
Freq, GHz

BCICTS 2023 Monterey, Marriott

M. Seo, U. Soylu et al, 2021 IMS
5



200 GHz Transmitter IC
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200 GHz Modules

ntenna
ubstrate

PCB with
DC and GHz connectors

cross-section & & & & & \ & % N &\\x §

O

bottom

Metal Carrier

2 Major Design Principles:

Design for Manufacturability &
Design for Lead Time

Tx & Rx ICs: InP substrate, 82 um thick
Antennas: Fused silica, 50 um thick

PCBs: I-Tera MT40, 8 mil thick

Metal Carrier: Cu with Ni/Au surface finish

PTFE Plano-Convex Lenses

Ideally Suited for THz Applications

Low Insertion Loss — ﬂ
Design Frequency: 500 GHz | g
|
e bl
-
-—\-1
Application Idea
LAT11S Mounted n 8 LMRY
LAT200
P wrers
L1150 " LAT100
oy 040 mm
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200 GHz Antennas
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200 GHz Recelver Module

®uo
15.25-18.5 GHz
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WR5
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Spectrum Analyzer

Simultaneous spectrum & power testing

Main Lobe Direction: Theta=1.02453e-05 °, Phi=-180 °
Maximum Gain: 10.1068 dBi

Radiation Efficiency: 6B8.89%
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RXx Module CW Testing Results
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50

Beam is tilted by
100 on E-Plane,
3-dB Beamwidth =
+/- 350

Conversion Gain @ fixed f,, (fr;=201 GHz)

There is no beam tilt
on H-Plane,

3-dB Beamwidth =
+/- 350
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200 GHz Transmitter Module

Spectrum
Analyzer
WR5

Harmonic
Mixer

WR5S
Horn
Antenna

25.4 cm

Double side band transmission

Main Lobe Direction: Theta=1.02453e-05 °, Phi=-180 *°
Maximum Gain: 8.088 dBi

Radiation Efficiency: 62.10%
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X Module CW Testing Results
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Short Range Link Setup

.. RxModule
-§ 30 —
§ ]
g o :
= 4 L
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... IxModule
LO @ 200GHz (Tx & Rx modules shares the same synthesizer) 8 35
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Lens @ Tx: Diameter = 50 mm, Focus = 75 mm, +/-18.70
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Short Range Link Experiments

[ —®— 4.5 Gbaud
[ —®— 4 Gbaud
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64 QAM: < 7.3 % EVMrms — BER < 1E-3

32 QAM: < 10.6 % EVMrms — BER < 1E-3

18 Oct. 2023 BCICTS 2023 Monterey, Marriott 14



Short Range Link Experiments
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Long Range Link Setup

LO @ 196GHz (Tx & Rx modules shares the same
synthesizer)

SSB w/ 6 GHz IF (upper side band), 202 GHz
Carrier

alpha = 0.35, Filter tab # = 80
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Long Range Link Experiments
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Long Range Link Experiments
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Live Demo
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B Chi Spectrum = |
38 dim

“ QPSK, 1 Gbaud
- 18.9 dBm EIRP

EVM = 113 % ! | TI ﬂw‘ l
*,.,,M,.Ww.nwmwV'WM M

MWM\"WM il

Receiver is saturated without paper attenuator (10.4 dB attenuation)
Single lens setup: +/-18.79, Double lens setup: +/-349 (~5.2 dB)
~16 dB more signal power — 50 meters
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Short Range Link Experiments

Edit Control Source Input MeasSetup Trace Markers ndow  Utilities Help
Range To Peak Power (Default) ~ % e & H | | R m A 0% 0%

x| C: Ch12560AM Meas Time

Start-1 sym
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- X

Markers *

Measurement paused - recording 256QAM_SSB_400Mbaud_0_35alpha_300mV.sdf || INT REF || CAL: None

256 QAM, 400 Mbaud @ 18.9 dBm EIRP
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Long Range Link Experiments

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help
[ /@] UF RangeTopesk Power (Defautt = Pacoilec I == S R N B IR Y 11 %
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Rng 52 mV
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Rng 52 mV
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EQ

Ww«w \'v'{&\WM‘WW
Ev: -‘('; — i

Span 600 MHz
TimelLen 6.147135 uSec

Measurement t paused I INT REF I CAL: None

256 QAM, 400 Mbaud @ 18.9 dBm EIRP
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Main Lobe Direction: Theta=1.02453e-05 °, Phi=-180 *°
Maximum Gain: 10.1068 dBi
Radiation Efficiency: 68.89%

18 Oct. 2023

BCICTS 2023 Monterey, Marriott

20
ADS ] 46 15 1
10- 144
] 13-
S=< 04 12]
NN ] £~ u
DOD, ] E?‘:’ 11+
mmom -10- Zc 4
TTO E 10—
-20- Q—q
1 8]
;30 rrrefrrrrberertrror e et errr e v I eyl N N (N
160 170 180 190 200 210 220 230 240 160 170 180 190 200 210 220 230 240
freq, GHz freq, GHz
Electric Field Strength vs. Theta Electric Field Strength vs. Theta
0 0
s R 0.8
.45 “;/ 08 \\,} as -45 / o6 \ as
/ \ \
| 06 | \
\l / 04 /
\ 04 )
\ / 0.2
\ 0.2 /
-90 R % 90 -90 S 90
-135 135 -135 135
-180 -180

27



Conversmn Gain @ flxed f,_o—ZOOGHz
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Tx Module Testing Results

Peak EIRP @ fixed f , =200 GHz(fz;=1 GHz)
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Beam is tilted by 10° on E-Plane,
There is no beam tilt on H-Plane.

EIRP, dBm

Peak EIRP @ fixed f o =200 GHz
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Conversion Gain @ fixed f ,=200GHz
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