AREA AND POWER OPTIMIZED TECHNIQUES FOR

MM-WAVE PHASED-ARRAY FRONT-ENDS

STUDENTS: KUN-DA CHU, DIEGO PENA, IVAN ZHAO, DENIZ DOSLUOGLU
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* Next generation radios: high data rate, massive connectivity, low latency
* Enable a lot more possible applications.
« Eg: extremely high-quality videos, internet of things (loT), car radars, and more...

* Highly-digitized Phased-array
* Leave the burden to digital

» (Generate multiple directional beams digitally

 Simplified analog front-ends with digital calibration / compensation

* Even possible to apply Machine Learning techniques (collaboration with Prof. Sathe)

Spectrum highly Frequency-Division Full-Duplex
occupied <6GHz -Duplex (FDD) (FD)
Broadcast _ Gm-assisted Translational Feedback Mixer-TIA Cartesian Phase Shifter SAGE Millimeter _
vV GPS Cellular  Bluetooth +20dBm Higher Matching Newtork | ——————————————————————— - ——————————- | E-Band Mixer 2X2 Phased-array Aglcl)ent'lll\nsog404A
y Spectral PO — "¢ === | | 50Q 1/0 | —3 Receiver Chip __ Oscilloscope
m‘@ .O Y I 9 Ef:') ien T |I Voo : I 2 W I | Voo | Driver Signatec PXDAC4800 _&ﬁ T
") Q') il iciency | LOI+ N IM - BBIP Arbitrary Waveform Generator o
T : 5 RF IN ¥y || . ? — BBIM — @ e
-80dBm | LOI- || =l
[Rx] v T l TopHE) 1o e Lan ! : e 7 IRl g
SNRL O I B | ak=l.q L B z RX BBI OUT
5 . 2 | | | - Ch4  [OIN
= o Freq > Freq | : ul—_i: Loa+| N | QM - | QR 550 0UT
| QP I | 500 1/0 10MHz REF SYNC
wiri  Weather Satellite Police Channel - Channel | =T 1> E—o—I—H—I -t Voo | "o Agilent E8254A T —
Radar Comms Radar 802.11b, QPSK 1MHz BW : | K3 _NJ 2 o : | : 0O BBQP Signal Generator | e
802.11b, MIMO 256QAM 80MHz BW - —— BN B BBQM e P
Sirr::late:Ga fr_om:nte_nn;oﬁix;m;ut : JT LOI+ : : : = chJ_z_s";:gi—D— §'\
* \Very crowded sub-6GHz spectrum | —1fTo0 | | Agilent N5183A |  PA
: o s | 5 | - - Freq Multiplier
 |mproving Spectral Efficiency s | —LEToar | s o, LT
 High-level modulations, eg: 1024-QAM, 2k-QAM, 4k-QAM _5 e |
* Full-duplex techniques T e
* New spectral territory: much wider bandwidth at mm-Wave bands Conversion Gain Noise Figure Input Return Loss
30 i 20 0
X — Meas.
5G Band | v o Oxxxxx __________ 18 | Qi
< > % a9 . - D e Y XK
— © O — 16 X
ZJPYIN T SR A S ) % xx
4G 5G mm-Wave = © o M | o a0 | R WA N
= > < > g g 3 o G x o
= 15 | o "; 12 | o - X X oo
8 -g 10 | o ______________________ o ___________________________________ » -15 °° ''''''''''''''''''''''''''''''''''''
é 10 J = % o 8 oo
8 ____________________________________________________________________________
_|_|_|_|__|_ | | | | > — Meas. X © 20 e 09--9- --------
: Freq S [ Sim. T 6 | xgxxxxxx __________ X — Meas.
0.6GHz  2.4GHz: 6GHz 28GHz 39GHz  60GHz 70GHz 90GHz : . s % Sim.
3.5GHz -~ 45 55 65 45 55 65 50 60 70 80
Frequency (GHz) Frequency (GHz) Frequency (GHz)

MARVELL®

Jcor

BOEING




