leti

_

Digital Beamforming
design in mmW:

A 22nm FDSOI transceiver
practical case

Jérome Prouvée
RF Layout Engineer & Project Manager

é IP-SeC Conierence 29



FD-SOI for mmW front ends
» |Let's talk about tech

o~

SiGe BICMOS

» Best Fmax (RF
perf)

» Low integration
(digital)

IPSOC 4th December - Grenoble - CEA-Leti - Jerome PROUVEE

FDSOI CMOS

» Good Fmax

» Good integration
(digital)

» Good digital & RF
power efficiency

FINFET CMOS

* Low Fmax (RF)

 Best integration
(digital)

RF Digital

FD-SOI

They chose FD-SOI

Q) mororoLa

Edge (2022)

Google SAMSUNG
Pixel 6 Pro A53 5GC UW

MT6101
MT61070

Exynos RF 5710

Exynos RF 5710
Y Exynos RF 5633

Exynos RF 5633

SAMSUNG

SAMSUNG

Source: Yole system plus "RF Front-End Module comparison
2023 - 5G mmWave Chipset” Product Brochure



Digital Vs Analog Beamfoming

Analog Beamforming Digital Beamforming

4

7 Ant 1
. o
>A§7 m Ant2
&
@23 WL
T Lo Bl s
(> o>
- Simple digital . Single user « Multi user & Versatile « Power (Dig. + RF)
- Power consumption  « Lossy - Relax Analog - Dynamic Range
 Not flexible « Amplitude weighting < IO Data volume
(selectivity + predist.) « LO coherence
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Fo= 39 GHz
(Max BW 400 Mhz)

lllustrations Courtesy of Soitec & Ericsson



Architecture
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dSYGN
~ Fraunhofer

From building-blocks -
Validation to RFIC
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Cooperative RFIC assembly Flow
Why Is automation compulsory

HS 10 8 signal bumps
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dSYGN g Project

Top assembly ERICSSON
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RX - LNA “umnec

LO I:; g:
DPD switch N
. DS<8
g+ P2 =
d+ ‘\____::_J 46? 5
Y
LOQ g:
T/R switch v

S

Linearity Pseudo differential, capacitive
RX gain (dB) 176 239 288 neutralization, source
o | 17 81 130 Power degeneration
§ 71 71 71
1= ¢ . G, e —— Shared TX PA “OFF” command
- Antenna

“ND5 8
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CDAC
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Vrefm > J J ........... E(DJ-\(_.‘-
T T
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Bootstrap ........... :
. Switch

el

] Sample

Vin »

Compare & Shift
Compare & Shift
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Energy loss
(capacitive
switching)

SAR
Logic

Sequencer

Digital
Error
Correctio

charge
injection

End of
Conversion

Async Clock
Generator

ref. voltage

settling time

Background
Timing
Calibration

High
frequency
clock

BEY"

Challenge How did we
overcome?

set-and-down
conversion

bootstrapped
sampling
switches

split-capacitor
redundancy

Asynchronous
control circuit



TX -RF IetiJ

Challenge How did we overcome?

dedicated gain control for [&Q path

IQ mismatch full digital reconfiguration features and
node power sensing
LO Leakage FDSOI backgate use
ol Tx/Rx supply noise dedicated PMUs
Lo To RF Amp

|
- . |
PMU_Mixer M P | =3 | ' — I —L
swi swz2 sw3 swia Vad =y vad 1
T | ___| _ CMDO CMDO
| 3 . .

P1
'Jr" PA Driver Mixer BB amp II_
-
From N
BB Amp -
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TX-DAC dSYGEN

Clock ) FMDM]

E%
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|
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| —40 4
| —50
[
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Challenge How did we overcome? B e R R e

Deltas -56.8dB

Fower (dBm)]

. . Dynamic Element Matching (DEM) system. 0
Linearity y g( ) Sy 1o
h d 3I0 4ID SID EIU TID
Matching +compactness driven Layout Frequency (MH2)
Speed g P y
e
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SX ~ Fraunhofer

EMFT

Strongly
Input non-linear

r—__—_i —~_ 'iOIQT}E.
ILO @,—l> %ZI>PPFj S,
| | “OIQR){

I ;F_"_fﬁ'_l Input Inter-stage Output
stage Buffer stage
anfy @, a@sf;

LO to RF coupling

L 13 GHz multiplication
LO coherent distribution

“Non-3"4" harmonics rejection Inter-stage Buffer

IQ generation Polyphase filter
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Hs-10 2

ERICSSON o od —sfeeooeie—s [ - 00

) Block power dissipation [mW]
Tx (DACs,Mixer) 6.8
TxPLL 13

Rx (Amp,Mixer,Filters,ADCs) 11

RxPLL 16.5

47.3
[0l
——— Bitrate [Gb/s] vs symbol | QAM4 QAM16 QAM64
rate and modulation
3.93 GS/s 7.9 15.7 23.6
2.95 GS/s 5.9 11.8 17.7

2.36 GS/s 4.7 9.4 14.2

Challenge How did we overcome? 3.9 7.9 118
1.47 GS/s 2.95 5.9 8.9

0.74 GS/s 1.75 2.9 4.4
Amount Of data Energy per bit [pJ/bit]
vs symbol rate and 6 4
. modulation
Alternative narrow band 3.93 GS/S 5.9 30 21

Energy efficiency odulation

7.9 4.0 2.7
9.9 5.0 3.4
11.8 6.0 4.1
15.8 8.0 5.4
315 154 106 13

PCB footprint
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Performances (forecast)

Radio Channel n260 37 38,5 40 ’
Number of Front-Ends (antennas) per IC 4 / g
ADC; 1184
Operating temperature range TiuncTION 0 100 °C é SX: 169.6 N
Size 22,4 mm? >, A SULLAS AS A moae
O TX; 585.6 RX; 140.8
[ RX mode 461 mw ] o
Total Chip Power consumption
TX mode 843 mwW
Channel Bandwidth (Max = Analog BW) 50 75 MHz Tx signal constellation, EVM = 4.4922 %
1.5 T T T T T
Output Power Pout 0 dBm T -
Effective Isotropic Radiated Power EIRP 24 dBm T . ‘ ’ ‘ :- ' ' ‘ 1
Receiver d [ .‘" ' ."' ' " ‘ e
ynamic range -86 -28 dBm il .
RX 240 250 MHz 5 RGOSR W .
Base band sampling frequency ol ‘ ' .’ '. ‘ “' ’ ' ‘.
X 600 700 MHz .... *.,‘. .
IO data rate downlink st Mbps s WOHBGOOOE |
e || 59583328
Adjacent Channel Leakage Ratio (ACLR) Absolut Limit -20 dBm/Hz o o )
Total TX EVM (64 QAM — 10m) 450 5,94 % s a4 as o 05 1' 15

g IPSOC 4th December - Grenoble - CEA-Leti - Jerome PROUVEE
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MmWave Beamforming IC State of the Art

Beamfor [Freq -|[Area —|Architecture channel Technology RX Pdc -mW | TX Pdc - mW
ming GHz mm? Per IC

24.2-

[DaI Maistro] analog 30.5 4 130nm SiGe BiCMOS 1600 1800
[Roy] analog 37-40 17.2 TRX 8 28nm RF-CMOS 78.5/ ch 339/ch
[Dosluoglu]  [elene] 525 33 RXHADC+DIg 4 28nm RF-CMOS 96/ch + 372 |
Beamformer

[Mondal] hybrid 25-30 3.86 RX 8 65nm CMOS 340 /
[ChoO] analog 22%?5 30.08 TX 16 28nm CMOS / 1630
[Johnson] digital 28 576  RX+Mux 4 65nm CMOS 60/ch /
[Kodak] analog 62 441  TRX+ADC/DAC 64 180nm SiGe BICMOS 4500 5125
[Alhamed] analog 2721 125 TX 4 180nm SiGe BiCMOS / 240/ch
digital 28 7.73 RX+IO 16 40nm CMOS 2800 /
[Park] analog 39 30+33.4 TRX+IF transc. 16 28nm + 65nm CMOS 624 1680/1840
m 39 22.42 TRX+ADC/DAC+IO 4 22nm FDSOI CMOS 461 843
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And Beyond Beyond5 ?
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end 2024:
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: : - LO
PROT mmWave Signal generation > \Z oherence

Game changing for the LO

Conventional PLL

Harmonics
filtering&amp.

Phase Noise

PROT & ILO
(our solution)

freq

N4

v frer=1,25 GHz < f,=13 GHz Easy to stay coherent gf&gscg?;et
v N=29/30>n=3 + State of the Art Phase Noise @60GHz center freq
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Bidirectional trx for beamforming—ongoing PHD

Conventional solution Bidirectional solution

BBA RX TIA
MIXER PS % Shared antenna
& Shared antenna BBA
A MIXER PS RFA  PALNA
: Digital
Digital | SPDT

I
\

TX/RX path

RFA m

BBA TX MIXER PS

Area Switching losses Area Need for trade off
(power efficiency)

About 30% area saving
@ IPSOC 4th December - Grenoble - CEA-Leti - Jerome PROUVEE 18



Digital Beafor
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