Title of This Talk 1

7 oLy WO T RBERTIC I 2 MR A
R MBER  20104E2H2H

SURPITT4T 7 LA 7P YTFDENG
Z oA (Keren LI)

(J0) BIERBEHIEERE (NICT)
RO PLRAREY S —
keren@nict.go.jp

NICT

Outline of This Talk 2

. SURE I VURERBEYRT LA
. SVRFPITTA4T7LA 7Y TFDERE

Il. ZD&RIEENE)

NICT



What’s Adaptive Array Antenna®” ;
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About Millimeter Wave 7
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What’s Millimeter-wave ? g
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Current Frequency Usage 9
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What’s MMW Wireless System? 10

B IVURE. SLVVEIREZRFDOERE LT, FIC
Remote SensingP ABEFHBEEICK<ALS

N, BICERRXENSEEZFAEXT, [LFA
ENTWVWET, SURICDWVLWTDIAEIE. 1004F
HRIDSEECKHRENTWLWETD,

B MMW Wireless System = S Uj%
Z{ED T:i&f‘tﬁ%ﬁd),mﬁx_T_/ZTA
INEY SR - ABED UJREIRIEARY R
TALhAELUT, FEBZBUOTVET,

NICT



) ok (60GHz4: % fi12) "

B BEREHSL) (3OGHZ~3OOGHZ 3000GHz)
= n/&'yﬁb‘ /\ _._Ll_'flzlo) 7_ jj&j D o
B OERAEL (10mm 1mm 0.1mm)
S BESE. BT YT FDINE - BE(LHTIEL,
Bl © EERHLIES VU KREBEH L —5
IS AN 3 Cya )N A
= BT, FAREERNEZICHDET,
#ll : BATORFARAEZEDGOGHzHE I VK59 ~
66GHzD7GHzFEIMFIATEE, —A. RSN TL
DERD VIR E (FBMHzD S E+MHZZE,
B EEENRS, ERUEIKROIHAKEL
= EREE L LT, ~Fl, LA L. HEF5HD
ROV, MBEDSNIWNVREDFRBHD XTI,
Bl : EEEREBIE. ENERER

NICT

Why MMW Wireless System? E
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Unlicensed-60GHz-Band and IEEE mmWPAN 13

Frequency Allocation Plan for mmWPAN

< 2160MHz (proposed at IEEE 802.15.3¢)
240 MHz 1632 MHz 120 MHz
#A1 #A2 #A3 #A4 \H

65

Emission Power

USA 40 dBm (EIRP)
Canada 40 dBm (EIRP)
Korea TBD

J 10 dBm
CIRE 57 dBm (EIRP)

Australia 10 dBm
EU 40 dBm (EIRP)

57 58 59 60 61 62 63 64 65 66 f GHz

B mmWPAN: Millimeter-wave Wireless Personal Network
@ IEEE Standard Working Group for mmWPAN: 802.15.3¢

http://www.ieee802.org/15/pub/TG3c.html
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1. E=ADx—=>7% (Beam-forming) #%gg
2. E=LARF v (Beam-steering) HEEE
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B RF phase shifter array

%»D—»Z o
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RF phase shifter-based architecture: chosen for implementation

Advantage: less power consumption,

Disadvantages: full-angle switchable phase shifter with small
delay and loss in 60GHz is not available in the market, what’s
more, quite big challenging to implement.
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B [F phase shifter array
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Increase the area, reduce the requirements in RF side
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Using phase shifter to reduce the phase shifter loss in the signal path
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B Digital beamforming

0w, |~ EDG @ —>— R T F
algorithm HIAI V‘ \? —}i>—} ) algorithm
B0\ TN wDRG —
—HDO b p> T @ DAC —

N transmitters forming N independent beams, suitable for MIMO systems ( as
shown N=4)

Advantage:
Less complexity in the RF front end trade of by high power consumption
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o>{0] b 1 10-100m

Hi 8. Berkeley Wireless Research Center
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WirelessHD D 2

1. Coordinator auto-discovers what
devices are in WVAN

2. Device capabilities exchanged

3. Coordinator allocates time for
communications between
Stations

4. Continuous monitoring of WVAN
and stations within or
joining/leaving WVAN
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I..=6 mA Power Gain Compression
- 20
201 . : 1 V=18V _ Power | . =Gain =10.8 dB
18 NF (at 60GHz) = 3.3-3.7 dB @ 45 . e «P1dB =11.2 dBm
16 NF (at 63 GHz) =4.2-4.6 dB c .__|Gain t::,f“ «Psat = 16.2 dBm
= —3 10 |—— H—"?&‘ )
1 Gain Mean RF 3.7 4B £0 A *130 mA at 2.5V
1 k] P /_7
@ Sz 5 % \ N —
10 5 & /
8 35 o A i
6 b // K - 64GHz
5%
a4 22 5 4 = 61.5GHz [ |
58 / = 59 GHz
2 | | °F 10
&g 59 60 Freq%‘ency ?éHz) 63 64 65 2 15 -0 -5 0 5 10 15
Input Power [dBm]
oarta 1 (11 non) wi  sw: = * VCO Meas’d performance - First Gilbert-cell mixers at 60 GHz.
N i, Lot e &1 24wt = +-102 dBc/Hz @ 1MHz . Highest integration level for any technology at 60 GHz.
oo Lo adecsel o9 A gt 3V > 80 transistors

> 43 transmission lines or inductors
Meas’d performance comparable or exceeding GaAs

> NF (<15 dB),

> conversion gain (> 16 dB),

> Vee =2.7V

> power (150 mW “core”)

ISSCC 2004

NICT

26

[: PA E
e —"
. R ‘XD
Active Cell F 3
CTRL Signals TX
Tx Gain
l CTRL
Attenuation
CTRL Antenna
Tx/Rx £ )
RF .—-?é I ;d-—o
4 E 4
Phase Shift §
CTRL o
Tx/Rx
CTRL
Rx Gain
CTRL
Rx
A
: LNA
X -

<<

F. Mohamadi, “Wafer Scale Integration,” RF Design, February 2005, pp 48-62

Hi B8 : TEEE802.15-05/12510: 15-05-0124-00-003¢c-mm-wave-beamforming
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(a) 24 X 2, BWA= 3 Deg. (b) 16 X 2, BWA=4 Deg. (c) 12X 2, BWA= 8 Deg.

F= 60 GHz, BW=4 deg., SA= +/- 19 deg.
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Multi-section Selection Circuits 2

MMIC(back side)

pyramidal antenna

patch antennas with
perturbation segments

feed line (backside)

carrier plate

oY i

(a) 3-D view (b) each paired-element patch antenna on an isosceles-triangular plate.

*Proposed by Toshiba Co., to cover the 360 ° of Azimuth plane in 1998
the minimum gain of 5.4dBi and less than 2.5dB axial ratio at frequency 59 — 60GHz. 2dB gain difference

between simulation and fabrication.
*Loss caused by MS is 0.3dB ( substrate PTFE, e,=2.2, h=0.127mm, element space 0.55| @ 59.5GHz)

sswitch is realized by on and off status of amplifier
P. F. M. Smulders, M. H. A. J. Herben, J. George, “Application of five-sector beam antenna for 60GHz wireless LAN,”

Y. Murakami, T. Kijima, H. Iwasaki, T. Ihara, T. Manabe and K. Ligusa, “A switchable multi-sector antenna for indoor
wireless LAN systems in the 60GHz Band”, IEEE Trans. Micro. Theory Tech., 1998, MTT- 46, pp. 841-843.
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Circular-Pol Microstrip-Horn Antenna

K. C. Huang and Z. C. Wang, “Millimeter-wave circular polarized beam-
steering antenna array for Gigabit wireless communications,” IEEE Trans. Phase shifter
Antennas & Propag. vol. 54, no. 2, Feb. 2006, pp. 743- 746

Horn  @: 7.0 mm,
H:3.0mm,

@:36mm > &

Crossslot

4 element beam steering antenna with right-handed circular polarization
at 61GHz is realized with the 14dBi directivity, 7dBi gain and -10 to 10 degree steering range.
* ceramic substrate with er=10
« the four patches with truncated-corners are designed for the RHCP
othe 90 phase shifter is made by two SPDT switches and two microstrip-lines.
*The radiation of the phase shifters and microstrip lines is shielded by a metallic cover to avoid mutual
couplings.
« It was also reported that the horn could increase 8dB gain in the main beam direction and the transmission
loss of gold microstrip line on ceramics was 0.57dB/cm at 61GHz
the 61GHz switches from Northrop Grumman Space Technology with wire bonding measured loss was 3dB.
« the SDH126 is 55-62GHz SPDT switch found from Northrop Grumman.

NICT

Leaky Wave Beam-steering Antenna

The slow-wave supported grating antenna could be the candidate for the low-cost
millimeter-wave beam-steering antenna with changing the space of each grating space.

yA

NOSG— S A+ 50° beam steering at 40GHz was realized
e <ecton) < -64mm o by changing the slot space with physically

rolling up and down of part c. It was indicated
in the paper that this method could be extended

to 120GHz millimeter wave application. The
-~ ey . ..
: measured gain could be reached to 18dBi in
Yx . o, .
TOP VIEW | \ considered band 35-40GHz. However, it is not
. \ implemented by electronic controlling
il
!
‘ =~ dmin
12 0 40 P e C. T. Rodenbeck, M. Li and K. Chang, “Design and analysis of a reconfigurable dual-
Ay L b beam grating antenna for low-cost millimeter-wave beam-steering”, IEEE Trans. on
2 Antenna & Propag., vol. 52, no. 4, pp. 999-1006, April 2004
SIDE VIEW - LARRENRARNNS -
= 140 mm !
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Block Based Antenna 31

Output Signals Output Signal

Phase (deg.) Phase (deg.) s
0 I 180 -I
15 #Q 225 1Q
90 Q 270 -Q
135 -+Q 315 IQ

(a) Phase selector circuit (b) ()

Power
divider

(e)

Phase shifter part was designed and integrated in CMOS chip
Phase shifter was realized by vector modulation method to fulfill 8 phases 45° one step

S. H. Alalusi, “A 60GHz Adaptive Antenna Array in CMOS”, Ph.D thesis
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Digital Beam Forming 2

*A 60GHz integrated four-element planar antenna array with
digital forming

*The system is realized by 60GHz four planar patches with
second harmonic of I/Q mixers @ 29.65GHz, combining with
the IF mixer and amplifier, A/D and digital beamforming
processing.

*The system transmission loss in RF lines and components is
less than 16dB.

*Sub-mixer came from GaAs beam lead schottky barrier
(HSCH-925)

« Patch antennas are fabricated on Duroid 5880 er=9.8,
h=0.127mm, 1.7GHz frequency bandwidth

* RF front end conversion loss is from 10-16dB

* IF conversion loss is around 10.6dB

* The group also did some extension work for sub-

band sampling to realize 500Mbps/s system using

20MHz sampling rate DSP

1 Park, Y. Wang, T. Itoh, “A 60GHz integrated antenna array for high-speed digital beamforming applications,” http://www.
Mwlab.ee.ucla.edu.
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Digital Beam Forming-2 5
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L. | Generator
RF Receiver IF Block
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Digital Signal Processing

The output signal is combined by:
f(0)=W_ v(0) e(6)
The digital oscilloscope of sampling rate 200MS/s is used as A/D, 1/Q baseband
5SMHz bandwidth, Matlab simulator is functioned as digital processor here, the
final designed system can realized -25°to 25° beam scanning

1. Park, Y. Wang, T. Itoh, “A 60GHz integrated antenna array for high-speed digital beamforming applications,” http://www.
Mwlab.ee.ucla.edu.
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Full-Integrated Phased Array on Sicon &

LO1,, «#{ 16:1 Phase-Selector S 19.2-GHz 16-Phase VCO 167.5° |,
LO1,, +#{ 16:1 Phase-Selector | Vo,
LO1,,,+-{16:1 Phase-Selector 4] [Coop Firter]

16:1 Phase-Selector Loz af Loz T 135°

:1 Phase-Selector
LO1,4++ 16:1 Phase-Selector
LO1,,++#{ 16:1 Phase-Selector Phase-Frequency[_refiy

e Detector
LO1,,;++{ 16:1 Phase-Selector

-64] [Charge Pump

bit,,

Phase-Select Shift-Register

Mixer BB Buffer CEK

Band-gap &
PTAT
references

Vauwnly

SRR

A fully integrated 24-GHz eight-element phased-array receiver in silicon with LO path

The phase shifter is working on saturation condition to ensure the gain of each element doesn’t vary so much with phase ,
The additional advantage is to reduce the requirements of phase shifters linearity, noise figure and bandwidth.

The phase shifter with 4 bits solution was realized and the whole system performance with 61dB gain of 8 paths

and 46dB gain in one single path as well.

The phase shifter was designed as the round 8 amplifier, with the step 22.5 degree, which was realized by
variable LC determined by the formnlae

A T Liwose
A(I)— 2 tan R(]_—LCU_):Z )

(s 1o

H. Hashemi, X. Guan, A. Komijani, A. Hajimiri, “A 24-GHz SiGe phased-array receiver- LO phase-shifting approach”, IEEE Trans.
MTT, vol. 53, no. 2, pp 614 — 626, Feb. 2005.
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Integrated Transceiver Architecture

IF Amplifiers
@ 26GHz

RF Mixer 77GHz PA

LO2_1 LO2_Q

77GHzLNA RF
M

ixer

LO2 1

Qss

LO2_ Q

.,D.

.,[>.

Rotator

Phase

<

*[>_

,[>_

Combining
Amplifier
@ 26GHz

LO2_I

I

LO2_Q

» Fully-integrated 4-element 77GHz phased-array transceiver on

» Two-stage frequency translation. (LO1: 52GHz,clock frequency 5S0MHz, 1F=LO2: 26GHz)
» Local phase shifting in each element enables beam steering.
A. Babakhani et al., “A 77GHz 4-Element Phased Array Receiver with On-Chip Dipole Antennas,” ISSCC 2006.
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52GHz Phase Rotator

out

out

LO signal
from VCO

LO_I

Coupled T-Line,
length=A4 @52.5GHz

Phase Shifter Output

Yy

, Output [V]
[=]
o

e
[

N
|

A\

e
kS

)

N

5 10

T 1
15 20 25 30 35

Time [pS]

» Quadrature signal generated locally using a delay
» Phase-shifter resolution limited by DAC resolution

NICT
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77GHz On-Chip Lens Phased Array

77GHz Un-doped
receiver chip  silicon slab

wire bond
board

silicon lens

un-doped
silicon wafer

Silicon chip

= Silicon chip is thinned down to 100um, floor plan issues lead to edge antennas
= A 500um silicon wafer for mechanical stability
» Low frequency signals using wire-bond and board traces

A. Babakhani, X. Guang, A. Komijinai, A. Natarajan and A. Hajimiri, “ A 77-GHz Phase-array transceiver with on-chip

Antenna in silicon: receiver and antenna”, IEEE J. Solid State, nol.41, no. 12, Dec. 2006
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Photo of Developed Antenna L

Baae0 . 100 10
Keren Li, Tomoaki Sato, and Naoki Kajitani, "Wideband Planar Antennas for Millimeter-Wave Wireless Communications," 2008

IEEE AP-S International Symposium on Antennas and Propagation and 2008 USNC/URSI National Radio Science Meeting,
Session: Wideband Microstrip Patch Antennas, no. 505-2, San Diego, California, USA, July 5-12, 2008.
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