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https://ethw.org/Milestones:Perpendicular Magnetic Recording, 1977

Perpendicular
Magnetic Recording
Honored with IEEE
Milestone Award

by Yoichiro Tanaka
Research Institute of
Electrical Communication,
Tohoku University, Japan

This IEEE Milestone award is
dedicated to perpendicular
magnetic recording, which was .
invented by Tohoku University A rding

Professor Emeritus pesforranca.
Shunichi Iwasaki and his
research team at the Research
Institute of Electrical
Communication in 1977.
On October 9, 2023, the
|EEE Milestone Dedication
Ceremony was held
in Sendai, Japan, the
birthplace of perpendicular
magnetic recording, and jchi i Shield fim
the plaque was presented it ik
to Tohoku University I i GMR device |
President Hideo Ohno ration enabled data re 4
by Thomas Coughlin, | udinal recording, Since

president-elect of IEEE. crucial e inthe continued growthof magne

(IEEE MAGNETICS NEWSLETTER, Vol.63, ISSUE 4, DEC 2023 &\))
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- Altitude: 500km
- Diameter of each spot beam: 60km
- 3dB Beamwidth : 7°

- Beam steering angle : 45°
- Number of beams : 160

LEOAVARTL—1a L @ig

- Downlink Frequency : 39.0 - 41.0 GHz
- Uplink Frequency: 47.2 - 49.2GHz

- Channel bandwidth : 100/200/400MHz

- Fully digital beam forming functionality based on PAA for flexible beam formation
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Q/V-band DBF antenna
256 (16x16) elements

JUR(S/H) IC OFAEIZR LTz,

=6cm

By employing Digital RF transceiver technology,

(DRF section on antenna module can be minimized.
@No LO distribution. @ Digital RoF devices and
modules for 100GbE (25/28Gbps x 4WDM) can be used.
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Digital RF (at present):
Nyquist Sampling (f<1/2 fs)
Below Nyquist frequency

Present Digital RF's frequency limit
comes from the upper limit of clock
(CLK) frequency of the CMOS RF-IC.

(Around several GHz)
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(Our Approach) Direct Digital RF: Beyond Nyquist frequeancy
By Using image signal of DAC’s output and using undersampling ADC,
RF signal in MMW frequency rage can be directly generated/sampled from/into
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MATLAB(offline)
n- PPG- At AH1E020A Onchoncope--Kaywgnt, DSO-X 962040 ‘IOO0 10 20 30 40 50
/ UU 1-bit BP-AZ Oscilloscope
( ) Modulator PPG (160 GS/s) Frequency [GHz]
Cfecerns - -
\ cndicatle Output Power -30.6 dBm
_ . " ACLR : -33.5 dBc
Original RF Signal 1-bit signal generation] ., .o, vecicr nagruce 2
Carrier Frequency: 8 GHz in NRZ code »'\p urﬁi,: cent Channed L ET, age Ratio
Modulation: 20 Msps QPSK ~ Modulation: 27 BP-DS | . ° (75 I 2o &
Roll-off of RRC filter: 0.3 Sampling rate: 32 Gbps 5
Amplitude: 1 Vpp §

ref. 1.Zhang, N.Suematsu, “40GHz-band direct digital RF modulator using the 2" image .
component of 1-bit delta-sigma modulated signal,”APMC2022. s m 16.95 P 40.04 40.08
Frequency [GHz)

40GHZ %’f’fl/@l*?ff /7)1/ RF %X"n*ﬁ%o)iﬂﬂsﬁmu%ﬁﬁ

33Gbps M 1-bit (EEH 5 40GHz TN ZREKIEB DERKITHY, (FAFAREKEE
16.5GHz, 40GHz D FERIER L 2 RAA—VIEE)

QsFP28 BPF VGA PA

4-array Vivaldi antenna

PA: Power Amplifier
VGA: Variable Gain Amplifier
BPF: Band Pass Filter

(Spurious suppression filter)
SMF: Single Mode Fiber

Very simple module configuration (I/O is fiber and DC power only)
1 QSFP for 4 antenna elements
Further miniaturizationis required for 40GHz-band Tx.

4 FF DBF 7T FED1—ILD 20GHz AT —ILET LR ER
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Item This work
Tech. 65nm CMOS
RF Freq. 60 GHz
Clock Freq. 4 GHz
SNR (BW: 2 GHz) 21.2dB
EVM (QPSK) 5.2%
EVM (16QAM) 5.4%
EVM (256QAM) 5.0%
2
il ' if s ogeesisid
“ oo FLELny
c 0 o0 co0 :... cewq
g A e TR
Srann ey
1 - > 1 P 6w ¥ 1 Sarerins
EVM: 5.2% EVM: 5.4% EVM: 5\

(a) QPSK (b) 16QAM (c) 64QAM

ref. T. Furuichi, N. Yoshino, M. Motoyoshi, S. Kameda, N. Suematsu, “A 60 GHz-band S/H CMOS IC for Direct RF Undersampling
Receiver,” 2022 IEEE Radio and Wireless Symposium (RWS), Jan. 2022. DOI: 10.1109/RWS53089.2022.9719927
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BERIZHD,
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RIEC and its cooperative research projects

- 10:15-11:15
BYATL

| Session 2 -
BETENOERICEISE

Computing systems with
transcendent computational capability

| Session 3 i
ERDKLSEIERA VTS DIER

Information infrastructures as natural as breathing

11:15-12:15

Session 4 e ] 3:30-14:30
AMERICEDBMNIZ T LOEIE

Super-intelligent systems based on human understanding

| RIEC Award Ceremony - 14:40-15:10

20234 RIEC Award #E3{

| Poster Session «wwn 15:30-17:30

RAF—tyav

| Reception -
BHR =

17:40-18:40
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[[Event Date | February 15(Thu) 2024 \ 10:00-18: 40

R AE BEBIEAZFR A6
EhHEERRT2-1-1)
Main Building, RIEC, Tohoku University

=5

Venue

%ﬁﬁ% Oral Session

N Ty R 9ESA>S1 VBRI Hybrid Event©n-site & Online)

SF *ﬁﬁg B6F Conference Room

HRAY—1 w3 ePoster Session

XEME orsie  TF TVASYAKR—I 1FHan
FROSNMBLAHHBETT B
https://www.riec.tohoku.ac.jp/project2023/
AROQARI—FHSEHHULAHHEETT
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Organized by
’E Fesearch Institute of Electrical Communication
Tohoku University
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9:30 ® Reception Desk Open = (B ©F xamn

10:00-10:15 @ Opening Session

EESUBISHZARICBI3 It H3h HANYU Takehiro
E%ggg :’1:1' ;ﬁh;ﬁ;zb\ SOXyt— R ASEOBENRT BB

Director/Professor
RIEC and its cooperative research projects [Tehoku University]

1015-1115 @ Session 2 BsIHADOEEICETIHEVATL

Computing systems with transcendent computational capability

9571V JUKVBFRYMRTO
£ a=0

Intearated synthesis of
graphene nanoribbon-based quantum dot davices

HNEk {888 KATO Toshiaki
FEAZAZRIFRRH HHR
Asscciate Professor [Tohoku University]

IREERIRILF—ETI:
FIA 2B LSO ERE RIS

Extanded fraa enerey modl
swer-higrarchal linkage of device function and structure

£ Vi@ B A KOTSUGI Masato
‘ EREMARAETEN B

Professor [Tokyo University of Science] ‘

1115-1215 @ Session3 ZERDISHHEHA>TSOER

Information infrastructures as natural as breathing

THIRF—N—XZ FOCHOBREB LU
BRRF—HELO7F7 U—(CHTSHR

A study on the rectenna array for power reception and
propagation of energy for 6T

FLLL BRSE MARUYAMA Tamami
HETESSEMER $EIRTLATSH F
Professor

[National hstitute of Technology, Hekodate College]

SP7FF 4SOl T F A A —RICES<
BEAKEONOBA

Applicaticn to sdvanced optical sensor based on
S0l photodiode with SP antenna

{% Bk 5LBA SATOH Hiroaki

BEAYET IPHRM ERE
Associate Professor [Shizucka Universityl k

12:15-13:30 @ Lunch Break {#&&

13:30-14:30 © Session 4 ARBBRICE D BHK Y AT LDEIH

Super-intelligent systems based on human understanding

BEICBO 3MATROTR
—Pixelt=0bject~

Construction of the cortical representation of
natural opjects -— from pixels to objects

BHRE S
IEARY AT L
Professor [University of Tsukubal

Verbal and nonverbal communication in
human-robot interaction

HUANG Tsung-Ren

Associate Professor
[National Taiwan University]

14:40-1510 ® RIEC Award Ceremony 2023 RIEC Award &

15:30-17:30 ® Poster Session RAFT—tY/3V arzurszrw)

17:40-18:40 ® Reception ZREAR sma: e 3000m 5 1000m (HEERUFT)
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