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— Flip-Chip-on-Chip Implementation
» Sparse Phased-Array Implementation
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* Wide bandwidth to enable multi-Gb/s links

Spectrum candidates for 6G Short range applications
220‘GHZ — 325 GHz KIOSK
R download
66 ‘ 66G

5G 5G
3GHz 10GHz 30GHz 100GHz 300 GHz

femtocells
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* Path loss and system requirements

e T
TX j Path loss (dB) RX

= Propagation loss

- total antenna gain Py : transmitted power
P A 2 Pry : received power
_ RX  _ { } Gy : transmitter antenna gain
Path loss = P = Grx Grx and Gy * receiver antenna gain
X Total P : A . wavelength

ota ropagation d : link distance

antenna loss
gain l
~62 dB @ 10-cm distance
~82 dB @ 1-m distance
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* Overcoming the high path loss

— High gain antenna ‘ T :: ‘I S— { (2°-15°)

(Grx and Ggy)

High gain antenna © Reduced path loss
(horn, lens, or both) ® Narrow coverage
[20~55 dBi]

— High output power  1x front-end

(P - ‘;
Py |
i © More than 5 dBm at 300 GHz

I ® Integration difficulties

om e ——————,

————————————————————————————————
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* Phased-array to widen the range

180
'g'b 160 Chip dimension
0 140 Range
= | % 100 @300-GHz
— ~— © band
TX X 0>J
—\ . S
Printed antenna Wide @
(on-PCB or on-chip) coverage [=]
[5~10 dBi] (30°-100°) £
=
© Wider coverage 0
© High array gain 05 15 25 35 45 55 65 7.5
® Wide antenna spacing @300-GHz band Antenna spacing [A]
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CMOS-only TX [1I-V Semiconductor TX
LO LO
XM XM
Digital Y Digital }
BB BB
IF ' IF i PA
At Mixer(s) TS Mixer
CMOS chip l1l-V semiconductor chip
© Low cost ® Expensive
© Easy integration for BB and IF @® Not suitable for dense circuits
® Low £ 2> Mixerlast © High £, PA-last
®Low Py s Lee etal., JSSC, 2019] © High Py
[I. Abdo et al., JSSC, 2022] [H. Hamada et al., JSSC, 2020]
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Challenge 2: Proposed Architecture

CMOS/I1I-V Hybrid TX

LO
o XM On-chip
Digital antenna
BB
IF  Mixer PA
Amp
CMOS chip l1I-V (InP) chip

SAN DIEGO

© Medium cost

© Easy integration for BB and IF
© High £ _,~> PA-last

© High Py

® Challenging implementation
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| 4-element
L. array
CMOS chip | |
IF amplifier Subharmonic InP HBT chip
IF %‘; mixer RF
(2-27 GH2)[T[T” >[ > (220-236 GHz)
: and
DI >% /\'/(240—265 GHz)
buffers Z_ Low ~ |
PS (45°), Quadrupler|| |oss | On-chip
L0, ~Nd O ” eonm Vivaldi
(29.75 GHz)_L : | }antenna
LO gen. and buffers Power amplifier
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O2IMS  Flip-Chip-on-Chip Implementation =

InP HBT

PA & antenna
CMOS'c;rhi,_p

Top CMOS chip
view (face-down)

™ N
a8 Q

)5)5)y

\
On-chip Vivaldi
Wire bonding  antipodal antenna

Side
view to PCB
Upper flare
InP HBT chip © Low RF loss (<5dB)
A-layer Lower flare © Low cost
PCB bumps Empty space (Air) ® Implementation mismatches

Conductive adhesive

AMTT-S
|EEE MICROWAVE THEORY &
A TECHNOLOGY SOCIETY



G0IMS  Phased-Array Implementation o=

Connecting Minds. Exchanging Ideas.

Grating Main

ATay  |obe lobe  Vivaldiantenna
« Sparse phased-array factor range _range pattern
0] - ———
T N !
3.85mm 3.85mm 3.85mm -2 \ :":,'- \/
(~3.3N)  (~33N)  (~3.3)) = 4 L IR
: - - > S, ‘Al l
- © ol :
S [
g 8 : |
© h P
a -10 ,': :“
____________ o |
8 12 i i:"\
© '14 :l :|~
CMOS £ . Iy
I T T R
I IIIIIIIl [T | IIIIIIII -18 ¥
I
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» Utilizing grating lobes to double the coverage

Grating lobe covering
the blind spof;

Radiation at
boresight direction

Maximum steering
angle
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1

|

Chip array
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 Measured EIRP vs Frequency

N
o

£ Array EIRP
o : rray
o A
X -5 A A o
c —10 l-element
s —15 EIRP A
% -20 | o
= -25 LSB | USB
-30 3 = l A
220 230 240 250 260 270 280
Frequency [GHZ]
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 Radiation Pattern @ 258 GHz Single-element
Vivaldi pattern

o)

I
o1

|
=
o

Norm. EIRP [dBm]
b
o o

I
N
o1

|

w

o
N

-30 -20 -10 O 10 20 30
Angle [°]
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 OTA Measurement Setup

Phased-array

Freq. synth. module
(29.75 GHz)
zmm— 2 8 & LO /
O = ( ﬁ
1L =6'§ F
Keysi Ah\tNMG8199A ROtating
eysig stage
(azimuth)

Horn
antenna

(23—26 dBi)

RF

50cm =——>

>

Amplifier
module
(20 dB)

%5 .
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Freq. synth.| == 928
(15 GHz) Oa=
Freq.
18 ||multiplier
usB/LsB | *
ilter r module
nN_ Mixer module
e @ (-15 dB)
; ;IF amplifier
(33 dB)
DSO
Keysight UXR1104A
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 OTA results over 50 cm

O2IMS Measurement Results
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Beam angle [°] 0] 0 9 18 (Grating)
fentre [GHZ] 253 (USB) 228 (LSB) 253 (USB) 253 (USB)
Modulation QPSK 16-QAM QPSK QPSK
Symbol rate [Gbaud] 15

Data rate [Gb/s]

Constellation

EVM [dB]
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Hiroshima TokyoTech TokyoTech NTT IHP IHCT

[10] [11] El [4] [7] [6] This work
Technolog 40-nm 65-nm 65-nm 80-nm 130-nm 130-nm 65-nm CMOS
y CMOS CMOS CMOS | InP-HEMT | SiGe SiGe | +250-nm InP HBT
RF freq. [GHZ] 252-279 | 240-280 | 278-304 | 278-302 | 225-255 | 220-255 220-265
Single- Phased- Single- Single- Single- Single- i
Sleilie element array?” element | element | element | element Phased-array
Antenna type Horn On-PCB Horn +HL%rr?s OJrnl_'gg'Sp Q”L'gﬂgp On-chip
Max. EIRP* [dBm] 22.4 N/A 15 56 33 32 8.4
Max. symbol rate 28 26°% 17 30 25 23.75 15
[Gbaud] (16-QAM) | (QPSK) (QPSK) | (16-QAM) | (16-QAM) | (16-QAM) (QPSK)
Distance [m] 0.03 N/A 0.01 9.8 0.8 1 0.5
P [W] 0.89 3 0.27 6.6 1.24 0.96 1.2 (CMOS)
1.44 (InP)
Est. -6-dB beam
coverage* [Deg.] 15 36# 13 0.7 3.5 12 36

* The EIRP and beam coverage are estimated on the basis of published antenna type, gain, and beam pattern. # Only evaluated for CW.
$ 1-element performance (direct waveguide connection). & 1-element efficiency
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e A 300-GHz band CMOS-InP hybrid phased-array transmitter that
achieves a 36° steering range was presented.

* A sparse phased-array implementation was used while utilizing the
grating lobes to overcome the large chip width/wavelength ratio issue
at 300-GHz band.

 The first data transmission with beam steering was demonstrated
achieving a maximum 30Gb/s data rate.
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Thank you
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