ICTA / R— 3 T4 —5 A
2019/10/9

EEEE S - 175003017

CMOSE URHE Iz —XF7 LA
MR B DB

KESE :

&3
IR HARE] FERK29FRE ~=

] E

] fE— RERILEKE)
5i8%E : I E— (NEC). X5 E# (NEC)

+ 3h (LEE )

LRk304£

3




60GHz CMOS R&D in Tokyo Tech since 2007 Al

Device modeling
Trial & Error

First 16QAM TRXx
ISSCC 2011

2011/6 (65nm)  2011/8 (65nm) 2011f10{55nm} 2011/11 (65nm)

K. Okada
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ISSCC 2016
42Gbps by 64QAM

CMOS 65nm, 1AI+11Cu
TX: 186mW
RX: 155mW
PLL: 64mW

ISSCC 2014
28Gbps by 16QAM

ISSCC 2017
50Gbps, 128QAM
Self-calibration
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Up to 50.1Gbps
Channel/ ch.1 ch.2 ch.3 ch.4
Carrier freq. 58.32GHz 60.48GHz 62.64GHz 64.80GHz
Modulation 64QAM
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|64QAM: 50Gbps

50
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Low Band (LB): 0.3-20GHz
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Year

16QAM, 23dBi horn 120Gb/s @ 0.2m
(with 56dBi antenna 120Gb/s @ 400m is possible)

K. OKadvavavegmde module K.K.Tokgoz, ISSCC 2018 6
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H28GHz 4-element TRX
H65nm CMOS
B LO phase shifting

» Gain-invariant tuning
» Small phase error

B Heterodyne
» 4-GHz IF in / out

B Symmetric & differential IF
signal distribution

B Symmetric & single-ended LO
distribution

K. Okada
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? i PA

J. Pang, et al., RFIC2018, JSSC2019
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With 0°, 20°, 50° beam direction
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This work [2] UCSD [1] IBM [3] Qualcomm
Process 65nm CMOS | 0.18um SiGe | 0.13um SiGe | 28nm CMOS
PS
. LO PS RF PS RF PS RF PS
Architecture
Beam-steering 0.1° 1° 1.4° i
Res.
P1dB/path 15.7dBm 10dBm 14dBm 12dBm
Psat/path 18.0dBm 13dBm 16.4dBm 14dBm
15Gbps 3Gbps
Max Data Rate| 64QAM, 64QAM, 3.5Gbps zé:gz':ns
256QAM 256QAM
Chip Area 12mm? 11.7mm? 165.9mm? 27.8mm?

[1] B. Sadhu, et al., IEEE JSSC 2017 [2] K. Kibaroglu, et al., IEEE JSSC 2018

[3] J. Dunworth, et al., ISSCC 2018

K. Okada J. Pang, et al., RFIC2018, JSSC2019 12
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1m OTA Measurement

Modulation 64QAM 64QAM 64QAM
MCS19 MCS19 MCS19
BW 400MHz 400MHz 400MHz
Beam direction 0° 20° 40°
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TX to RX EVM* -30.2dB -30.1dB -28.6dB

*RMS power normalized EVM, measured with external down-conversion mixer
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TokyoTech

Future Direction & Conclusions
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- Traffic Trend in Japan
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Demand for higher data rate
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Theoretical Data Rate Limit

C: channel capacity

C =Blog,(1+S/N) B: bandwidth
_ S: signal power
N =KTB C N: noise power
_ _ P,: transmitting power
S = Pl‘ _ PthGl‘ 4-1Tf d P.: receiving power
B =« fc C G, G,: antenna gains
f: carrier frequency
new assumption c: light of speed
1 d: distance btw Tx and Rx
2 (PGG,\3
Cpeak — CO“3 ( d2 )
Co = 822Gb/s

K. Okada, IEDM 2013

K. Okada, IMS 2019, WSF-2

K. Okada, BCICTS 2019

K. Okada 17



Theoretical Data Rate Limit
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K. Okada, IEDM 2013
K. Okada, IMS 2019, WSF-2
K. Okada, BCICTS 2019
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Theoretical Data Rate Limit
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280Gbps @ 350GHz

1m, 30dBm
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=6.4m, 10dBm, 16 array
=100m, 10dBm, 100 array

100¢
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Frequency [GHZz]

K. Okada, IEDM 2013

K. Okada, IMS 2019, WSF-2
K. Okada, BCICTS 2019
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Capacity with Multiple Antennas

C = Blog, {det (1 + %H"H)} Yo = SNR

@ SISO
C = Blog;(1+yy)

@ MIMO (spatial correlation=1) e,g,H:(i 1)

C =Blog,(1+nvy,) *equivalent to phased array

@ MIMO (spatial correlation=0) e.g. H = ((1) g)
C =Bnlog,(1+yy,/n)

E. Telatar, "Capacity of Multi-antenna Gaussian Channels," European transactions on
telecommunications, vol. 10, no. 6, pp. 585-595, Nov. 1999.

K. Okada 20



K. Okada

Data Rate [Gbps]

1200

1000

0]
(=
o

600

400

200

1G

10G 100G
Frequency [HZz]

Simple

beamformingﬁ

2

1T

10T

21



i EHESERDAMIE

SRDEEIE
« Jx—AF7LADEEL-KRETL A

- EEEBEN - BEIRILT—HEIL

Satellite(non-terrestrial) for beyond 5G

 GEO (Geostationary Earth Orbit): 36,000km

* LEO (Low-Earth Orbit): 400-2000km
« 7.6km/s, orbital period 95min @500km height

« HAPS (High-Altitude Pseudo-Satellite): 20km (stratosphere)

® RS .
36,000km - jc-
Solar-powered a e, NASA, 1997
*%Jtﬁjliﬁ S00km s jE. HAps  @20km

K. Okada 22



	スライド番号 1
	60GHz CMOS R&D in Tokyo Tech since 2007
	60GHz帯CMOS無線機の開発の歴史
	60GHz帯CMOS無線機
	実測評価
	60GHz帯無線機の性能比較
	120Gbps 100GHz帯CMOS無線機
	フェーズドアレイ方式
	共振器型位相器
	28GHz帯フェーズドアレイ無線機
	OTA評価
	0.1度のビーム制御精度
	28GHzフェーズドアレイICの比較
	39GHzフェーズドアレイ無線機
	IEEE RFIC Symposium 2019 @ Boston�Best Student Paper Award
	 
	Demand for higher data rate�- Traffic Trend in Japan
	Theoretical Data Rate Limit
	Theoretical Data Rate Limit
	Theoretical Data Rate Limit
	Capacity with Multiple Antennas
	Capacity with Multiple Antennas
	まとめと今後の方向性

