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60GHzEIZH T A1

B QPSK = 3.52Gb
B 16QAM > 7.04Gb
B 64Q0AM = 10.56G

B 16QAM

ns/ch
ns/ch

ops/ch (not reported yet)

2-ch bonding =» 14.08Gbps
3-ch bonding = 21.12Gbps (not reported yet)
4-ch bonding = 28.16Gbps (not reported yet)
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240 120
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Block Diagram

* Direct-
| Q i conversion
N - c°:t_ro| e TX
L’”F e | Mixer gibsu f'(7'a0GII:Ic:’IC ) ,I[\él)i;(slrc_)fgil;/St
Y QILO

X Ouiiput PA | . RX

_ 20GHz
\\\\\\\\\\\\\\\ Q Mixer PLL e FVF BB amp.

: RFamp. Q Mixer
LNA g::m O + Current-
60GHz bleeding

| Mixer _
RX Input QlLO
NpF=4.2dB g: . LO buf. mixer
| = r BB amp. ° LO
FVF-FVF-SF _ _
| )  Injection-lock

. 60GHz QILO*
+20GHz PLL




Mixer-FirstEIE4= i

This work
BBout RFin RFout BBin
< — - . <
PA
LO LO
h— - A~ h
10MHz 2GHz 57-66GHz 4.5GHz
up-converted* > (20MHz-BW) (9GHz-BW) =%

down-converted

*M. Soer, et al., ISSCC 2009 **C. Andrews, et al., ISSCC 2010 even for Zin



ANAVE—F I RE) Y DRE

R LO+ Rsw 500
-
_ﬂ i
— Rsw
— Zrr |© 2008 Zis

(@)
£ £
To PA > S = Lo - BB
T S o 1o input
<Z— Rsw o
RF 200Q 7.
R LO+ Zin

4
Zi,(wgg) = 200Q/ [st + ?{ZRF(‘”BB + wyo) + Zgp(wg — W)}

Wideband Z: Is realized by R¢-feedback.

*C. Andrews, et al., ISSCC 2010



RX Mixer

| "b'eedT | » Current-bleeding to
é | ‘ | éﬂ reduce LO power
BBout+ | — — | BBout- ¢ CCC at RF input
Jswitch |, —
= @ D Yo  Pdc: 11mW
LO+ I_l_l Lo+ ¢ CG:-7dB
i } -O- e fiow: 0.27MHz

E:E * fhigh: >4GHz
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RX Baseband Amplifier

 Wide bandwidth (>5GHz)
* High gain and high linearity
 Low power consumption

o> Open-loop FVF-based amplifier

vVin 0= _:I gdsB

vout o—é———

'1

Flipped Voltage Follower* (FVF)

*R. Carvajal, et al., TCAS-I 2005
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RX Baseband Amplifier (Cont.)

P

Vin 0= M1

1

Im3Rs
modified FVF

Ay = —

R
Ay _gm7 L

VOUt Ot MS%RS

Im3 Rs
by 6mW

Vioad i Sleep
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1
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60GHz Quadrature LOMDERET

*K. Okada, et al., ISSCC 2011
36/40MHz ref. 20GHz PLL 60GHY OIL O*

S
58,59,60 : 59.40GHz

60.48GHz
61.56GHz
e 20GHz PLL: 64mW 62 64GHz
. 60GHz QILO: 18mW/(TX)&15mW(RX)  63.72GHz
» QILO frequency range: 58-66GHz 64.80GHz

 Phase noise improvement by injection locking*
e -96.5dBc/Hz @ 1MHz at 61.56GHz
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65nm CMOS aomm e X

TX out

..............................
ooooooooooooooooooooooooooooooo

O‘BUF

5 4 ||" T RIS

TX: 186mW
RX: 155mW
PLL: 64mW

PLL 0.90mm?
Logic | 0.67mm?
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ERF board By 4 8 g
X _mode) A o . RF board
A (RX'mode)

¢ 25-GS/s AWG
« 100-GS/s oscilloscope (33GHz BW)
« 14-dBi horn antennas
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10.56Gb/s 64QAM

640QAM with 10.56Gb/s is achieved for the full 4 channels.

Channel/ ch.1 ch.2 ch.3 ch.4
Carrier freq. | 58.32GHz 60.48GHz 62.64GHz 64.80GHz
Modulation 64QAM

Data rate 10.56Gb/s | 10.56Gb/s | 10.56Gb/s | 10.56Gb/s

FENY XX X R ‘Q'O.ﬁ\&. ‘P.ﬁl\bqa SrPBe LR )
Loes iy hafvvacty el atbays R X NN N
déPracge S 0ePULEY Py Fecany s 0ePvaeoond
Constellation | 232sssd? divsaie Teeteds serites
Yogdauooe 840> I EXNEXXXR] Yeavestos
Jodostgrd Ligaadgs Qe v SGveansres
Anweages Tenebogd 20 020 hewowpor
o /M\ ﬁ/ﬂ W\Q\ ﬁlf/w \\\ /NW\

Spectrum |»h B [T = ey E———

TXEVM | -27.1dB | -275dB | -28.0dB | -28.8dB

TX-to-RX

EVM -24.6dB -23.9dB -24.4dB -26.3dB

Distance 0.13m




7.04Gb/s 16QAM (max 28.16Gb/s)

28.16GDb/s is achieved by using 4-bonded channel.

Channel/ ch.1 ch.2 ch.3 ch.4 ‘g‘ﬁg}fﬁj
Carrier freq. | 58.32GHz | 60.48GHz | 62.64GHz | 64.80GHz bond

Modulation 16QAM

Datarate | 7.04Gb/s | 7.04Gb/s | 7.04Gb/s | 7.04Gb/s || 28.16Gb/s

SO OSSN OB BESI E 530

Constellation L

® o ¢ 9o ’Qo" ® @ ¢ 9 ¢ o o ”.‘*.‘

* o o9 » e w ¥ « e a ¥ > e o R-& e

Fy . F =y AT

Spectrum =N e B L] = e N i e R o
TXEVM | -27.8dB | -27.6dB | -28.4dB | -28.8dB | -20.0dB
TX;‘;,;ARX 246dB | -241dB | -246dB | -27.0dB || -17.2dB
Distance 0.7m 0.6m 0.8m 0.4m 0.07m
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60GHz TRXMD M RE L%

. TX-to- Power

Data rate / Modulation RX EVM | consumption

. TX: 1,820mW

SiBeam [3] | 7.14Gb/s(16QAM) -19dB RX: 1.250mW
Tokyo 16Gb/s(16QAM) 21gB | 7% 319mwW
Tech [4, 5] 20Gb/s(16QAM)[5] RX: 223mW
TX: 167mW
IMEC [6] |7Gb/s(16QAM) -180B | Ly 115w
Panasonic TX: 347TmW
] 2.5Gb/s(QPSK) -22dB RX: 274mW
. 10.56Gb/s(64QAM) TX: 251mW
Thiswork | 55 16Gb/s(160AM) | 2°9B |Rx: 220mw
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IEEE802.11ad/WiGig®AI5E

MCS Modulation Datarate | 1% EVM [dB]
[Mb/s] Spec. |Meas.
9 QPSK SC 2502.5 -151 -27.1
12 | 16QAM SC 4620 211 -27.0
24 | 64QAM | OFDM | 6756.75 -26| -26.5

MCS9

W

Measured by
Agilent AWG
+ Osc. + VSA
+ 81199A

In ch.3
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60GHz CMOS Transcelver

30
First 640Q0AM

25 16QAM(4ch bonding)
7
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« 65nmM CMOSTO+RZRAL=F ALk
aAVN—Ua BRERER LR

. AL 64Q0AMBIEDEH (10.56Gbps/ch)
— |[EEE802.11ad/WiGig#E#L: MCS1-MCS24

(64QAM/OFDM)

» MR 4FvRILRO T4V T BIEDEE
(28.16Gbps by 16QAM)
LT OEMICE>TER:

— Mixer-first®!

— Open-loop

ISR

~VF-based baseband amplifier

—Quadrature injection-locked oscillator
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