PEM

p
S ki RAEESAMRS
IS AEMREHIC S B
YTal—vavOEREGAEN - — -
N\

PEM2018-1~4

20184 524 H(K)
B EBMAEEEMERY TS/ FFr L8R

: f BTEEEEYS
S RBRRARATREMZAS



F1E ACRAERRTARES
pA=E A PN

T—< [ RICABHAHAHE TS Zal—arvnFERECHARRM - —8 |

20184F 58 24H (K) 14:00 ~ 16:25

14:00 - 14:10 HASDEE
IKEFRRAT (BB IS T HAR)

14:10 - 15:00 PEM2018-1
(BEFFEE) KETSXEVRI Y FEFALETIALY TN R0 FDTD f##T
Sell - LR - RBAKR (REK)

K& (10 )

15:10 - 15:35 PEM2018-2
(—HEEEE) S VR - THZ REKBRETICETATILF 74Oy I RBHDT=HD

A7 7 —F TV F N —ZRAVERREERENZDIESIRE
BAMA (BHX) - /NBEX (EREMX) - 2HREE (BHX)
FryhaRA4 Dz R J4R/ T - ERKRHEN (NICT)

>

15:35 - 16:00 PEM2018-3
(—h&EEE]) FRPMBEBIAFRERMICEDEI YK - 3 ) IKHOMS /2 —5HE
BREEZET - BEEME (KEX) - RE®BA (T—IL41)

RIFE - RIB— - BB (L2052 F) - AREKRER (KREX)

16:00 - 16:25 PEM2018-4
(—H&EEE) BRAEZBMNE LEEIAR U OEMES
MEEEC (BERsh - HAWA (BHX)



B . BEBRKERRERMERYTIA4 FFrnX
F . BFEBREEFSE ACHERIEIMAEEMEZEES
( http://www. ieice. org/“pem/ )

AFPREICHBHE SN -RXFOEFEIEEICRELEYT,

RTEBAR: 20184FE 5824 H
% 1T BT . (—x) EFEHREEFES
S A EHEAETAPEMERI R HEMAEES




AR TR A fa
THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2018-1 (2018-05)

PEM #2042  FA1FRH
FKET T AELART Y MR LT 05 34 20 FDTD fi#4T

Sl AR RTE- i= N A= /N A

IEBURFERLEE T 184-8584 HURUHD/ NS bR EPHT 3-7-2
E-mail: shiba@hosei.ac.jp

HOEL ITFEFEELIX. RETT7 AT HRTY b (SPPYOFHEEZTERA LIZT 7~ VY #ICBIT 5 2
HOTNA AERE LT, —DlF, T T~V TSPP 2 X FFTE DT T UMA V7 A(InSb) % H
WK T AE CHBER R o THY . b O —DiF, BEl SPP A F T B S v —T 1 v
7 %) Mg BICEE L7 E R EIER TH D, AR TIE SPP OBIFFEICERE LN L 2 DT A
A AT D, TSR 5 720128 72 Bi%E L7 FDTD EIC W T h ik 5,

¥F—U—F FTI~UUH, TUoFEALA VT A(InS), EEESEIG, K@ T T XETRT Y B
>, FDTD %

FDTD analysis of terahertz devices using surface plasmon polariton
propagation properties

Jun SHIBAYAMA  Junji YAMAUCHI and Hisamatsu NAKANO'
Faculty of Science and Engineering, Hosei University

3-7-2 Kajino-cho, Koganei, Tokyo 184-8584 Japan
E-mail: shiba@hosei.ac.jp

Abstract We have recently proposed two terahertz devices utilizing the property of surface plasmon
polaritons (SPPs). One is a surface plasmon resonance waveguide sensor operating at THz frequencies, in
which indium antimonide (InSb) supporting the SPP is adopted in the sensing region. The other is a metal
disc-shaped THz frequency splitter, in which radially-placed gratins guiding spoof SPPs are applied to the
surface of the disc. In this article, we discuss the two THz devices, paying attention to the propagation
property of the SPPs. Also presented is a newly developed finite-difference time-domain (FDTD) method
for the analysis of the THz devices.

Keyword  Terahertz wave, Indium antimonide (InSb), Wavelength splitter, Surface plasmon polariton,
Finite-difference time-domain (FDTD) method
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Table 1
Normalized power (/= 1.0 THz)

Radiation 7
Right 5
Left 3

Reflection | 85
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Fig. H¢ components in the p-z plane ‘ Radlally pOlariZCd beam ‘
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Tab. Number of arithmetic operations

Method Implicit Explicit Total
M,D | AS M,D AS M,D | AS
ADI 3+3 | 6+6 | 1+2+1+2 | 2+4+2+4 | 12 | 24
CNAD 3+3 | 8+12 2 8 8 28
CNCS 1+2 | 3+11 3+3 8+12 9 34
LOD 2+2 | 6+6 1+1 4+4 6 20

CNAD: Crank-Nicolson Approximated-Decoupling FDTD
CNCS: Crank-Nicolson Cycle-Sweep FDTD

G. Sun and C.W. Trueman, IEEE Trans.Antennas Prop., 52, 2963-2972, 2004.
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(a) Explicit FDTD (CFLN=1) (b) LOD-FDTD (CFLN=10)

Fig. H, field distributions (/= 1.0 THz).
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(a) Explicit FDTD (CFLN=1)

(b) LOD-FDTD (CFLN=10)
Fig. H, field distributions (/= 1.5 THz).
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Massively parallelized implementation of large scale finite difference method
for the multi physics analysis under the millimeter-THz wave exposure with
many-core architecture

Yukihisa SUZUKI*" Masami KOJIMA * Masao Taki "
Jerdvisanop CHAKAROTHAI" " and Kensuke SASAKI™ "

T Tokyo Metropolitan University 1-1 Minamiosawa, Hachioji, Tokyo 192-0397 Japan
I Kanazawa Medical University 1-1 Daigaku, Uchinada, Kahoku, Ishikawa 920-0293 Japan

T T National Institute of Information and Communications Technology 4-2-1 Nukuikitamachi, Koganei, Tokyo
184-8795 Japan

E-mail: *y suzuki@tmu.ac.jp

Abstract Recently, computer simulation scale for biomedical EMC in millimeter-wave and THz wave exposure becomes
extremely huge, because numerical models, which represent shape, structure and configuration of biological bodies, increase
these preciseness. Parallelizing simulation codes are one of the effective solutions to deal with such a high definition and
massive scale problem. Finite difference methods, frequently used for solving biomedical EMC problem, are classified as the
stencil scheme which has the nature of memory-bound feature. Hence, it is desirable to employ many-core architecture with
the high-speed memory bandwidth (approximately 200-900GB/s) such as the graphics processing unit (GPU) or the many
integrated core (MIC) hardware accelerators. In this study, we describe the acceleration of the multiphysics simulation system
for numerical dosimetries in millimeter-wave and THz wave exposure by the many-core architecture-based computing
technique.

Keyword Millimeter wave, THz ¢, Dosimetry, Electromagnetic field measurement, Large scale simulation, Massively
parallel computing
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ation of heat transport in
. Wssue exposed to MMW

-HT in the anterior chamber is
visualized with particle tracing
method with color change

-Before exposure, physiological
convection is observed from lens to
cornea.

-When MMW exposure is started
anti-clockwise flow from ocular to
lens are observed.

-Temperature elevation is occuered
in the vicinity of cornea.

-Complex heat transport is observed anterior part of ocular tissue
because of aqueous humor.
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Voxel models for rabbit and human
Rabbit eye model Human eye model

Skin Sclera

s N\ 10
Viterous Humour]

OMesh size is 50pm.(100-200million cell)
OThese models are consists of 7 tissues, cornea, aqueous humor, iris, lens,
vitreous humor, sclera, and skin.

Roofline modell*]

Peak Floating Point Performance(Float

5
S*b
)

Processor

bound

Attainable GFlops

Memory bound

10 15 20
Operational Intensiy [Flop/Byte]

F = Min(P, BXI)
F: Attainable Gflops, P: Peak Floating-point Performance
B: Peak Memory Bandwidth, I: Operational Intensity

* Performance evaluation model considering the memory bandwidth.

* “Roofline” indicates attainable performance by the function of
“operational intensity”

[*] S. Williams, et al., Commun. ACM, 52(4): pp65-76, 2009

Next generation of GPU and MIC
[—— Tesla P100 (Pascal) - =
[-=—— Xeon Phi 7290 (Knights Landing) /N

—— Tesla K40 (Kepler) ext geng
~—— Xeon Phi 7120P (Knights Corner) of GPU

[-—— Xeon E5-2620 v3

200

7
=)

(=3
o

FDTD with PML

73
Q
K]
o
(&}
2
Q2
<
£
<
=
b=
<

- T T T N
0.15 0.20 0.25 0.30 0.35
Operational Intensity[Flop/Byte]

-We will expect dramatic seed up for stencil type application.

-The performance of FDTD method will achieve more than 100 Gflops.
-If we have opportunity, we will report about next generation many-
core processors.

HHkA—RONT7 =T RARETOELR

[*] A0, HIFB K, WHER, SABA, KARIL, [EFm(C),

Rooflines of many-core processors in

Fokt (F2—

Vol. J99, No. 5, May, 2016

next generation

Attainable GFlops

—— Xeon Phi 7290

—— Xeon E5-2620
1

—— Tesla P100 (Pascal)

—— Tesla K40 (Kepler)
~—— Xeon Phi 7120P (Knights Corner)

Processor Bound

(Knights Landing)

v3
1

o1’ 10
Operational Intensity[Flop/Byte]

100

-Roof lines will lift up as shown in this figure, because
of the implementation of high band memory.

Attainable performance depending on the application

Stencils

!
Peak Floating Point Performance(Float)

-FDM
-FDTI

Attainable GFlop
o

Memory bound

Dense linear algebra

-Moment method

10 15
Operational Intensiy [Flop/

-FMM
Byte]

Attainable performances depends on the type of application.

Stencil type applications do not bring out t

he processor ability.

23



Operational intensity (OP)

Operational Intensity: The ratio of the number of floating operation to the sum

of traffics of memory.

W [Flop] : Number of floating point
operation

Q [Byte] : Byte number of memory
access for application

I[Flop/Byte] = %

Example: update scheme of electric field in FDTD

Ex[i1[j1(k] = Ex[i101[K] + CEx_y * (Hz[i][j1[k] - Hz[i][j-1][k])
- CEx_z * (Hy[i1[j1[k] - Hy[i1[j1[k-11);

In this scheme, W = 6, Q = 8byte *6 = 48,

therefore b

Here, coefficient of CEx_y and Cex_z is assumed on the cache

memory.

Extended operational intensity (EOI)

I(c)= W

Q(¢)

* We extend the operational intensity to include

cache hit effect.

— c: cache hit number

— Q(c) is the access number to the main memory.
—I(c) is assumed as a function of ¢

HSREREBEZ AV e/XT 4 — < 2 AFHE[*]

8oF FrylabybR FrydabyhE GPU(K40)
BINOHE BADHE BoAtERE
7 60 ' e .. [mictxeon phi)
§ B 94% _..oe"" PNEL
s (& T 2.
& | e
g a0l i
g
E | vk MIC+OpenMP
TE EITHEE TS
& 20 "-.GPU+OpenACC.. ¢
E1TIEEE
ok ! BYSPETHRREE | |

0.10 0.15 0.20 0.25 0.30 0.35 0.40
Extended Operational Intensity[Flop/Byte]
> GPU+CUDARZE [FCache Hit MaxBF DB KT REIZIE L\ ERE(94%)

> MIC+OpenMPEREEAOGPU+OpenACCRE T RIAFN 2 RIERDMEEE
(Frviaby FERNEORKMERE) £85I LeNTETLVEN
[*] 5 3, et al., fE5#(C), Vol. 199, No. 5, May, 2016
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Memory hierarchy

In the conventional Ol estimation,
high speed cache memories does
not considered.

In recent many-core architecture,

cache memories with high

bandwidth are implemented

— Cache hit ratio plays important role
to discuss the traffics between cache
memory and DRAM.

— However, it is difficult to estimate
quantity of traffic between cache and
DRAM by the conventional OI.

Core

Cache Miss

L1 Cache

@ L2 Cache Miss

L2 Cache

Main Memory
DRAM

Dependence of EOI on the calculation scale

| Max. cache hit
with PML

o
s
S

1 [Flop/Byte]

o
~

o
~
1=}

>In this investigation, the number of PML is 16.
»>With PML case, according to the increase of the
computational scale,
- EOIs decease for
- EOIs increase for

“mac cache hit” condition.
“0 cache hit” condition.

cells/seclC & 5 EITIHERELLES

1400
® CPU+OpenMP

g‘ 1200 +— ®=GPU+OpenACC
L = MIC+OpenMP
N
21000 1 4 Gpyscuba
O
=, 800
[%]
8
9 600
©
g 400
%
& 200

0 —-J

64 128 256 2
Number of Calculation Domain Cells[A3]
Mcells/sec | GPU+CUDA |GPU+OpenACC| MIC+OpenMP | CPU+OpenMP
512A3 cells 1176 438 570 58
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Comparison of temperature

Literature[7] pimulation
39 1 ™ ."
. a - *
'G 37 ] “ '3 2
< . ¢
M 35 - L 3 § ¢
ulz} * 3 :
N e # ™\ Result of this study
31&
|29
AERE| T, , 4 6 s 10 12 1 15

Distance from corneal surface [mm]

-Simulation result is consistent with the distribution of literature [7].
-Our measurement indicates relatively low temperature values.
-It needs to consider this inconsistency.

[7IF. Robert et al.," Temperature measurements in the eye,” 1977.

y (mm)

Lo X7 o7+ DG RERIBOERE

30 |EJ/|Em 0
(dB)

OtRELRFDTDEICASTRIEREEA
OMRERIZFBEINDSARD i E /D

REk FDTD : Finite Difference Time Domain method

Considering Heat Convection

Heat Conduction only

Temperature distribution is highly
influenced by aqueous humor flow.




75GHz, 300mW/cm?

—— 'Experiment cornea surface'

—— 'Experiment lens' I

—— 'Simulation cornea surfeace'|]
'Simulation cornea lens'
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Radiation pattern inspection of quasi-millimeter wave and millimeter wave
by asynchronous electro-optic detection technique

Junpei KAMADA " Kazuki HORIO" Hirohisa UCHIDA* Makoto TOJYO*
Youichi YOIKAWA ¥ Kunio MIYAJI# and Shintaro HISATAKE "
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#{tojo, yoikawa, miyaji} @think-lands.com
Abstract We measured the radiation patterns of quasi-millimeter waves and millimeter waves using asynchronous
electro-optic detection technique. We compare it with the radiation pattern analyzed by the CST Microwave Studio
(simulator). When the dielectric object was placed in front of the horn antenna, the 3 dB beam width of the main lobe in the
millimeter wave (77 GHz) radiation pattern was 4.4 degrees in the measurement and 10.6 degrees in the simulation. In
addition, the quasi millimeter wave FMCW signal (24 GHz + 80 MHz) was measured using optical frequency tracking
technique. The radiation pattern of the measured FMCW signal (24 GHz + 80 MHz) is the time average of the CW signal
within the frequency band. The deviation between the radiation pattern of the CW (24 GHz) signal and the radiation pattern

of the FMCW signal (24 GHz + 80 MHz) becomes remarkable when an automobile emblem composed of a dielectric was

placed in front of the horn antenna.

Keyword Asynchronous electro-optic detection technique, Electromagnetic field simulator, FMCWsignal
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