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Electrical Control of Noncollinear Antiferromagnetic Heterostructures
Ju-Young YOON
Supervisor: Shunsuke FUKAMI

Spin-orbit torque (SOT) has been utilized for efficient electrical control of magnetic orderings. When discussing
the SOT-driven dynamics of magnetic ordering in magnets with collinear spin orientations, the overall magnetic order
parameters such as net magnetization and Néel vector are governed by the same law of SOT on individual magnetic
moments, and this treatment has been naively extended to the magnets with non-collinear system. Here, we reveal
unconventional dynamics of the overall magnetic order parameter of a non-collinear antiferromagnet, i.e., the
octupole moment, which is in sharp contrast to those of previously studied collinear systems. Using ac harmonic and
dc measurements on a Mn3Sn/Pt heterostructure, we reveal that the octupole moment undergoes an opposite rotation
with respect to the individual magnetic moments, which stems from the interplay between the SOT and the chiral-
spin structure of Mn3Sn. Our study provides a guideline for understanding the electrical manipulation of non-collinear
antiferromagnets, which substantially differs from the well-established collinear systems.
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A Study on 20GHz-band DBF Transmitter Using
Image Enhanced 1-Bit Bandpass Delta Sigma Modulator

Communication Engineering, Junhao ZHANG
Supervisor: N. Suematsu

Direct digital RF transmitter using the high order image components of 1-bit bandpass delta sigma modulator (BP-
DSM) has been studied to miniaturize digital beamforming (DBF) transmitter in high frequency band by generating
RF signal directly without up-converter. However, because of non-return-to-zero (NRZ) coding scheme and
frequency characteristic of 1-bit digital-to-analog converter (DAC), the image components suffer a severe attenuation
so that the image enhancement techniques using Manchester coding and RF tripler in digital and analog domain are
proposed in this paper. Moreover, to realize the antenna integration with transmitter module, a low-backlobe Vivaldi
endfire array antenna is proposed and measured in this paper as well. And also, a DBF module utilizing the image
enhancement techniques and low-backlobe Vivaldi array antenna is fabricated and evaluated.

1. Introduction
In the era of 5G/B5G, with the development of
wireless communication, there is a tendency of higher
speed and larger capacity. To realize it, the phantom
cell has been proposed. Phantom cell consists of one
marco cell for control data transmission in lower
band/data rate but larger coverage and several small
cells for user data transmission in higher band/data rate
but shorter coverage. To overcome the higher
attenuation in higher band, such as super high band
(SHF), DBF technology has been studied[1].
Compared to analog beam forming (ABF), DBF
transmitter with multiple antennas can generate
multibeams simultaneously which is very helpful for
larger capacity. However, each antenna needs a
transmitter, which is resulted in large size. With the
shorter distance between antenna elements in higher
band, not only the large number/size of transmitter, but
also the connection between the antenna and
transmitter module becomes issue. To solve the
problem, for transmitter module, the miniaturization
and integration with antenna module is a must.
Therefore, the direct digital RF transmitter has been
studied[2]. Direct digital RF transmitter using the high
order image components of 1-bit BP-DSM can realize
the miniaturziation of DBF transmitter by generating
RF signal directly without up-converter. However, the

high order image components of 1-bit BP-DS
modulated signal suffer a severe attenuation because of
the power spectral density (PSD) of NRZ coding
scheme and the frequency characteristic of 1-bit DAC
so that the power and signal-to-noise ratio (SNR) of
image components degrade.

Additionally, for DBF transmitter operating in
higher freqeuncy band, the distance between antenna
element becomes shorter. Instead of coaxial connector,
the antenna integration with transmitter module is
necessary so that the endfire antenna is more suitable
than broadside antenna because of its horizontal
radiation direction to substrate. However, the backlobe
of endfire antenna becomes a problem. The backlobe
power will be reflected by metal transmitter module to
frontward and degrade the mainlobe. Consequently, a
low-backlobe endfire array antenna is necessary.

In this study, an image enhancement technique using
Manchester coding (digital domain) and RF tripler
(analog domain) is proposed and verified in chapter 2
and 3, respectively. In addition, a low-backlobe endfire
Vivaldi array antenna whose front-to-back ratio (FBR)
is beyond 20 dB to eliminate the backward leaked
power is discussed in chapter 4 as well. Chapter 5
evaluates the fabricated 20GHz-band DBF transmitter
using the proposed image enhancement technique and

© 2024 ALK B SGBETZERT
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low-backlobe Vivaldi array antenna. Chapter 6 is
conclusion.The thesis is organized as followed and
shown in Figure 1.‘

Subject2: Elimination of the impact from transmitter module

Subject1: Image enhancement of on antenna radiation pattern
direct digital RF transmitter Solution: low-backlobe Vivaldi array antenna (chapter4)

Digital - m RF Analog
D LNRZ] DNt (Ma module

:mepnsw ] S e H <]

XOR gme RF Tripler
DSP. s 5

1 e | [rrres 1<)
XOR gate RF Tripler

A — s i <
" AOR gate RF Trigler™~_

4-elemenet DBF transmitter

Subject1a: Image enhancement in digital Subject1b: Image enhancement
domain in analog domain
Solution: Image enhancement using Solution: Image enhancement
Manchester coding (Chapter 2) using RF tripler (Chapter 3)

Figure 1: Framework of thesis

2. Image enhancement technique using
Manchester code in digital domain

Instead of NRZ coding, the Manchester coding [3] is
proposed to enhance the image components at specific
Nyquist zone. The waveforms of NRZ and Manchester
code are shown in Figure 2. Manchester code is a line
code in which the encoding of each data bit is either
low then high, or high then low, for equal time in one
period. As shown in Figure 2, the Manchester coding
can be easily implemented by using XOR gate on 1-bit
data in NRZ code and synchronous clock. So there will
not be much more burden on DSP, such as complexity,
power consumption and so on.

1-bitdata 1 1 1 003147030

NRZ Signa|
ianchestey NRZ code

10 0.1

Marenester A\ LU

t

Figure 2: Waveforms of NRZ and Manchester code

Regarding the 1-bit BP-DS modulated signal as a
pseudo-random sequence, the PSD of 1-bit signal in
NRZ and Manchester code can be calculated by
Equation 1. The envelopes of PSD of 1-bit signal in
NRZ and Manchester code are shown in Figure 3.

PSDyrz(f) = A2T,Sinc?(nf Ty)
(a) In NRZ code
PSDyan (f) = A%T,Sinc?(nf T, /2) sin?(f T, /2)
(b) In Manchester code
Equation 1: PSD of 1-bit signal

As Figure 3 shows, the high order image
components of 1-bit BP-DS modulated signal at
specific (4n-1)" and (4n-2)" Nyquist zone can be
enhanced by using Manchester coding.

In this chapter, to ensure the "distance’ between each
image components on spectrum, the center frequency
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of DS modulator is set to 0.25f;, quarter of sampling
frequency. Therefore, the image components are
generated at (0.5n+0.25)f;, n represents the order of
image components. The output power of fundamental
and image components of 1-bit BP-DS modulated
signal in NRZ and Manchester code can be calculated.
For further wverification, both simulation and
measurement are conducted. In both simulation and
measurement, 4™ order 1-bit BP-DS modulator in a
sampling rate of 8 Gbps is used, and the CW input
signal is set at 2.01 GHz near 1/4f;. The amplitude is
set to 1Vpp. All the calculated, simulated and measured
output powers of fundamental and image components
of 1-bit BP-DS modulated signal in NRZ and
Manchester code are concluded in Table 1. It is
confirmed by theoretical calculation, simulation and
measurement that the high order image components of
1-bit BP-DS modulated signal in Manchester code at
specific (4n-1)" and (4n-2)" Nyquist zone can be
enhanced. The simulation result has a good agreement
to the calculation result even though the measurement
result deviates slightly from the calculation result in
high frequency band because of the frequency response
of measurement device, PPG. Therefore, it is proven
that the proposed image enhancement technique using
Manchester coding in digital domain is feasible.

n=1 n=2
Enhanced

Envelope of PSD [

0 1 2 3 4
Normalized Frequency

Figure 3: Envelopes of PSD of 1-bit signal

Nyquist Caleulation Simulation Measurement
Zone | NRZ| MAN | Diff. | NRZ MAN | Diff. | NRZ | MAN Diff.
[dBm] | [dBm] | [dB] | [dBm] | [dBm] | [dB] | [dBm] | [dBm] [dB]

091 | 856 |-765 | 0.3 773|-7.60 | -002| -759 -7.57

-10.45 28| 765 959 -199| 760 -9.53 -183 770

-14.89 | 724 | 7.65 | -14.02 | 641 | 761 | -1427 | -6.44 7R3
S17.81 | <2546 | -7.65 | -16.84  -24.48 | -7.61 | -17.53 | -25.55 | -8.02
220,00 | 27.65 | -7.65 | -1899 226,60 | -7.61 | -21.39 | 2827 -6.88

<2174 | <1409 | 7.65 | -20.64  -13.03 | 7.61 | -24.21 | -16.72 | 7.49

ale|u e |w|n] =

2319 | -15.54 | 765 | 2199 1438 | 761 | -2837 | -2031 8.06

Table 1: Conclusion of output powers of 1-bit BP-
DS modulated signal in NRZ and Manchester code
3. Image enhancement technique using RF

tripler in analog domain

Since the attenuation of high order image
components is caused not only by NRZ coding scheme
in digital domain but also by the frequency
characteristics of 1-bit DAC in analog domain. Even
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though the high order image components of 1-bit BP-
DS modulated signal are enhanced by 7.6 dB, a severe
attenuation beyond ten to dozens of decibels still will
occur in analog domain. Consequently, an image
enhancement technique in analog domain is necessary
as well. In this chapter, to enhance or regenerate the
high order image components of 1-bit BP-DS
modulated signal, an image enhancement technique
using RF tripler in analog domain is proposed to be
implemented after 1-bit DAC.

Since the Manchester coding was proposed to
enhance the image components at specific (4n-1)" and
(4n-2)™ Nyquist zone, only the 1% and 2" image
components of 1-bit BP-DS modulated signal in
Manchester code at the frequency of 0.75f; and 1.25f;
are regarded as input signal after suffering a severe
attenuation from 1-bit DAC. In NRZ code condition,
the fundamental and 1% image components of 1-bit BP-
DS modulated signal in NRZ code at the frequency of
0.25f; and 0.75f; are regarded as input signal because
of the attenuation in Sinc function.

The ideal output-input function of RF tripler in time
domain can be simplified by Equation 2[4].

y(®) =x%(t)
Equation 2: Output-input function of RF tripler

After calculation, the amplitude of output signals
of RF tripler in the condition of 1-bit BP-DS
modulated signal in NRZ and Manchester code are
shown in Figure 4.‘

1 fundamental and
3 4[dB]@fyy=025 image components (fy;)
o1 4SUBIGL 30025 1 : harmonic (3fs)

-8.0[dB@F-fyy~
-14.8[dB]@3f—0.75

-10+
14.S[ABI@E =125
23 8[dBJ@2E-3hy-1.25
20+ 23 8(dBJ@2L-£,=1.75
-30 -
401 42, 6[dBJ@3M-36 =225
-50 I
0 0.5

1 1.5 2 25 3 35 4
Normalized Frequency

(a) NRZ code

1 : fundamental and
-15.1(dB] 206[dBj@ image components (fye)

@RAhu025 1 : harmonic components (3fy)

Amplitude [dB]

6.0[dB@f~0.75
7.6[dBJ@21 Ay

-10
[192[dB]  -15.1[dB)@26 =275

75 IVM 2dBJ@Af =525

@46, 36,=1.75

0 05 1 15 2 25 3 35 4
Normalized Frequency

(b) Manchester code
Figure 4: Output signal of RF tripler

0
S

Amplitude [dB]
A h

A
S

In NRZ code condition, since the frequency of input
signal is lower than that in Manchester code, only 2"
and 3" order image components are regenerated. The
regenerated image components are overlapped by
harmonic components, which will degrade SNR. In
contrast, with higher frequency of input signal in
Manchester code, it is confirmed that 5™ and 6™ order
image components of 1-bit BP-DS modulated signal
are regenerated. Moreover, in Manchester code
condition, the harmonic components are totally
separated from the regenerated image components,
which improves the SNR. As a result, it is proven that
using RF tripler can regenerated the high order image
components and a better performance can be achieved
by using Manchester coding additionally, compared
with NRZ coding. Besides the theoretical calculation,
the simulation and measurement are conducted for
further verification as well.

In simulation and measurement, the RF signal whose
frequency is 0.501 GHz is modulated to 1-bit digital
signal in NRZ and Manchester code whose amplitude
and datarate are 1V, and 2Gbps, respectively. The
lowpass filter (LPF) whose cutoff frequency is 3.5 GHz
is applied to imitate the frequency characteristics of 1-
bit DAC. The simulated and measured output powers
of the regenerated high order image components of 1-
bit BP-DS modulated signal in NRZ and Manchester
code are concluded in Table 2.

Order of
image NRZ | MAN | Diff. | NRZ | MAN | Diff.
component [dBm] | [dBm] | [dB] | [dBm] | [dBm] | [dB]
5@s.5 GHz -36.1 =232 | 129 | -299 | -224 75
6"@6.5 GHz -40.8 | -260 | 142 | -37.8 | -249| 12.9

Table 2: Conclusion of output powers of RF tripler

It is confirmed by theoretical calculation, simulation
and measurement that the high order image
components of 1-bit BP-DS modulated signal can be
regenerated despite suffering a severe attenuation
because of the frequency characteristics of 1-bit DAC.
Moreover, compared with the NRZ coding scheme,
using Manchester coding can improve the output
power of regenerated high order image components of
1-bit BP-DS modulated signal beyond 10 dB.
4. Low-backlobe endfire Vivaldi array antenna
In this chapter, a low-backlobe endfire Vivaldi antenna
with two slits is proposed, as shown in Figure 5. Since
the backlobe power is caused by the current on both left
and right edges [5], with two slits inserted on the edge
sides, the current on the edges degrades, and the FBR
is improved as shown in Figure 6. Based on the
proposed Vivaldi antenna, 4-element array antenna is



643 FALR A RRE SRRk

designed and simulated, as shown in Figure 7.

- |

He22 4L

e
ik
i}

i
by |

(a) Top view
Figure 5: Antenna layout Figure 6: Radiation pattern

(b) Bottom view

An Pattern
19.33 GHz

(a) Antenna layout (b) Radiation pattern
Figure 7: 4-element array antenna

5. Evaluation of 20GHz-band DBF transmitter
using image enhanced 1-bit BP-DS modulator
In this chapter, 4-element DBF transmitter using the
proposed image enhancement technique and low-
backlobe Vivaldi array antenna is fabricated and
evaluated, as shown in Figure 8.

: e@jy ‘
Tripler 5
PPG

(DSP+XOR) Tripler |j i+ Intégratedf| Y

T 1 | e
Tipler !

i
i
4

- Integrated module ==

(a) Block diagram

(b) Measurement setup

Figure 8: Evaluation of 4-element DBF transmitter

In measurement, the CW signal whose frequency is
1.501 GHz is modulated to 1-bit data by 1-bit BP-DS
modulator whose sampling frequency is 6 GHz in
MATLAB. Then, PPG is used to generate 1-bit signal
in NRZ and Manchester code as the input of RF tripler
whose amplitude is 1.3 V. The 5" image component
of 1-bit signal at 19.501 GHz is used. The simulated
and measured radiation pattern of the proposed
20GHz-band DBF transmitter are shown in Figure 9.

o=
N
Nre

90
0 0 20 -10 0 o W W W
tam (@n)

Antenna Radiation Pattern
(b) Quadrature phase (90°)
Figure 9: Radiation pattern of DBF transmitter
Since all measurement of radiation pattern in this

Antenna Radiation Pattern

(a) Inphase
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chapter is conducted by manual in addition with the
nonlinearity of RF tripler, it is convincible that the
measurement error is relatively large. Despite that, the
beamforming characteristics can still be confirmed in
the measurement result.

6. Conclusion

In this thesis, to overcome the severe attenuation
caused by NRZ coding scheme (digital domain) and
frequency characteristics of 1-bit DAC (analog
domain), an image enhancement technique using
Manchester coding and RF tripler is proposed and
verified. Moreover, for the miniaturization of DBF
transmitter in high frequency to realize the antenna
integration with transmitter module, a low-backlobe
endfire Vivaldi array antenna is proposed. And also, a
4-clement 20GHz-band DBF transmitter using the
proposed image enhancement technique and array
antenna is fabricated and evaluated. The beamforming
characteristics of fabricated DBF transmitter can be
observed in the measurement. As a result, the proposed
image enhancement technique and array antenna is
verified both in the simulation and measurement.
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A Study on Power Sharing Methods
for Autonomous Decentralized Coordinated Control based DC Microgrids
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This paper proposes a DC grid configuration method in which batteries are distributed and directly loaded on the
base line to realize a green and resilient power network and confirms that the grid can be stably operated by
autonomous distributed cooperative control (ADCC) using the battery characteristics, both by simulation and by
testbed experiments. Even in an unstable microgrid operated mainly by renewable energy, it was found that the
stability of power supply can be improved by exchanging power among neighboring grids, and economies of scale
can also be expected. We also confirmed the feasibility and effectiveness of microgrid expansion based on power
sharing. The grid simulator developed in the course of the research was able to reproduce and predict the grid
conditions of the testbed well, indicating the feasibility of constructing a CPS system.

1. IICIC

KBNS 7L, HAFEER B R RLF —
ISR EETERET D~ A7)y ROFEFE
FEBRMNFHTRIASN TWDD, X I TFTxiny
DO E R OB FERNEVER~A7a 7V R E
Pl e L TR, BRMNIEME & A U 3D H
R T EICIY~ A7)y RN O H Sl L2
ELTZE MG D FEBIZ BIET. 512, MEC 728
OWAF AN AR AR L= | A4 %kﬁélhﬁﬂ k=25
<%ﬁﬁ%‘_ L&Y, K7V ROz RL T 528

T, o R EnEED, VAT LAEKOLY YT
;&é”ﬁj:ét‘é AWFFECIE (1) Hoy w525
T5 B RSB ATEADCO BB R~ A /a7y
FORE AL, 2) ZVyRITOH &"%&ﬁ%ﬂﬁﬁﬂ

LENANEEEL T, MoKk ba Kol
v, 2/7“*759?/(J:V:/)I/Z%,E\bej#n’mT

MOEHAZ HIELL T TRoTe.

2. EREROFEE
ZITEXD~NAIRTYYRORr— VLT, &
j(“@é%ﬁ‘\"ﬂf MUBREETHAD T, Hiis Tk ~7= &
NTZT VY R NOEFEEHRETIL 350 ~ 420 V OFPH)
ffﬁﬁénm D, BRI, HetEEEEL T 2
CV 7r—7 )VEilL, TEERA A5 3 & CV 7
—TNWVEERL, X 1 RTERZ, T OEME
BEHNFENTIZHRITL T £200 V(A I :400 V) LLF

+200V

)

-200V/

H

L L
200 V== =200V DC bus 400V

=G

DC bus 400V

L

T

< s
H | = o | =l

BATTERY) | | parTERY) BATTERY L .mn'

200V 200V 00V 2007

B 2 5y R o P 2 P L 7 AR

10.7kWN,

Voltage (V)
2§
Voltage(V)
EEEE

°

€

L=
1%

0 75 50 75 o o e 20 30 40
State of Charge (%) (b) Consumption Power (kW)

[y
-

3 Li A7 MO @B RHE L (D) L — 7 R
ZRIET D, BFOEEML G~ A7 Yy RO

FRICBW T, BEMOMFEEN—ARENTITEERR
BIELITE D7D, DC/DC Zu " —2 CHEE A

© 2024 FALRFESGE



AHI64E3 1 g 8oy N iR A
ITOVENDD. 208G, BEOEHEEMR TOFL
BOWIHIEIL, DO/DC 2o R—Z BT HR L —
TN EE SV THEBESNA. LosL, BAEAA T
LR —x L b= A(IGBT 728) &_—ALd
% DC/DC 227N —2 D358 NEBFRITK T DALEERE T) 53
FINDT, EITAMD R HER S AV A LB
RRETRIIMAGTE T, BRAHEM T \&%25
D[] FERUCERAEME 12 57272012, ¥
2 WRTRRIS, i B RS EE ISR E@E&%‘FLU ViE
Hha EHEE R T A HIEEIRET 5. BEMAESIC
Bt AL T, DC/DC =/ X—Z TR B0
ST B2 BRI L DB ERIBR A EHEEL , J5R
ERHNENE ) E B TED. ZOUE, R R
TR RS EH (G, WEHRELO/ NS/
) B FHNAZENLEEL.

Bz, Vg T 7 A A D — 'L OFE
JEVER 3.2 V THHS, B PERE L8551
#4960 [E D& L% E T L&mbﬁ%ﬁkw_j:@m&
—HITIERRO RN, HO—HA IR ORI
B9 5. 60 [HDBNAEBEINIHHETHE, T8
JEIFR 192 VITRD. 2072, B EE
zi, 3 (a) DIDITFREITKIL T 400 V RifL Tl

FIFEARINCEAL TS, ZL T, ¥ 3 (b) DIHICH
Tb)ib\kﬁ#&% EBIEIMELSRD RN — T e N —

AIZLT, BHICABREEITIZENTED. Z0L
7B FE DL TR AERIEN T Z BIRY A B AR
M TS, ZOHIENZ RIS B IT M B 72
B, MOEIEDOIBIN (DFY, 2 —FT7 AR bIEH
IZHRG THA[]. if_, [HL I ZEAR OB RO r@yz
T EXED0I, K 2 1RTIOIE, KE
DFEME TR Lo 1 ’rﬁﬁﬁ CHEG T 2D T 1f;<, l:I:
AR RO /NSWEEMA IR EOBEEEITIC S
s T HAZENEELL.

3. BfEESBEAHEADCO)

ERERICIE, FEERIES, T8 DE<DE
NEWEETDAMM, K oL (PV) LR ) 5
BRI DL DR BIRDEERISND. Thbd
TOREORBEELL, KO T HE 75:;%43
I A2 LTI TRV, 22T, S5
BEGE R CEE S ADRTE (BJE) D AEEHL, E
AL HR AN CRE > TS SR O FE B 2 I
DHEX 4 EIRETD.

ARENENF LTI, FEMD SOC BNEaIz/zbin
WBRY, 77 VR (a— 7 Uy RIZEERES LT
72UVREE) TH DC NAZIEIRTHZENTED. Loy
L, NEERFEFMRETRVX —DH T 55
&, DC NAZHGEHNCHERF T D2 SIX R EETh DT
O, DC ARAZE] 5 1R TIORTNAITVALTE—T
NIV RICHEE T DD D5,

9255 2 5 (March 2024) — 9 (229) —
s
DC Bus V
EEhE EE/hE
I
[ =7

BATTERY

X4 A EiHRAGEOA A=K,
DC bus voltage (V)

420
& ¥ pi o Assisting
:g 415 ISWIIch ojm(A)Dlscharge to local grid I By local grid
e | 405 %’M ¥ Autonomous
£ | 00} (B) Distributed
] ﬁgoopemtive
o | 385 M ontrol
ﬁ Assisting
7]

335 Switch orf- Power supply from local gnd (C) By local grid
380 T T T R TR TR T TR TR T TR RRE TR RRTR Y

= Out of control region|
0 Time (s)

5 B A B AN IR S<T V=Y R A,

3. TRal—F—EHE

BE, TICHZRB IO R — [T AT A
DL L EEA B L U= A8H - B E S 32
L—ay Y7 =T ARSI TWAA[2, 3], B
{M‘Jﬁ%i@?&?‘/V%%ﬁﬁlEﬁ IABEATHARN
DT, REFBROBIEOT-DIZNX, MEIZER~A7
=8N “/i:d/w&fff'aﬁ%‘f?éz ERHDH. AR
2L — X B e S 0] & BRI T — 2 L R
DN, HRELFVANESL, ~A7a 7V ROk
B, AN L OGRS OMREN ER &5y
Ra b —HEMEE LT, @RS ORI et
HETMIE TN TR,

ERZ VRO EZEEE 2 DL, HEERSTh

EEEEVM:/} b —HBU EATAEEMR R,

E, &AM, PV, JEE R EM, R

'%ﬁ%ﬁ]&@%%ﬁ@%%ﬁ&f%ﬁﬂ%bm~7§>. n
LOREFZOETT VA 6 1T,

Transm ission cable

F\ICS
+i ) DC bus
R, R,
[ haoo ) DCbus R“—l Reasie Renie
L, fy . 5 la R o)
-200" - 7= -— ! @l

6 PIal—iariiBifan—aA Uy R (@), HEEAM®D),
PV(c), Aff(d)DET /L.



—10 (230) — E )3 R AR e
9%, [X6.(a)> DC /XA, 200V D DC EiF% 2
DHEFNCEEREL TELIL TV A, FEMIL, X6.(b)
R T ISICEBEREEIN s T2y T
EHSTET LSITWDS. 22T, ’0)%7/1/
DOHABIEEVF T LA L BHO RN (i 1-F
23 SOC ZHf32) IcAbECTERLZ. Fz, ¥ I
6.(c)& (d) D A ARDIEHER 7R FIEDIH B BT I DR
T =& BT OFM B REFRISCE PV 0%
BEOT —Hablll, & PV OFERELASANOHA
FIEDIH jj%/\lv—/a/a%_g:nxfé%
B ASAD BRI —7 11, 200 SQ D CV r—7 /L
ZHEL, ESHWOBSEN A% B LI %0
BTHD. M 7IRT 3FOELDO 1 AOEEZLEE)
1280, R L7 ADCC N—AD<A 717 Uy ROA
PEN RS LTz

420

w0 Switchon —

Switch on

[] 4 8 12 16 20 24
Time [h]

Bus voltage [V]

g

$

7 —HA0OH5HOEROEIELT).

4. %’%’ﬂﬁﬁ#ﬁﬁﬁwﬁnﬁ)ﬁ%ﬁ%ﬁﬁ
2, REFRENITHESE LT~ (nu‘74'7137)/]\
031‘55”%’2??“ DM Z AT IZLT TR
om%ﬁ (14SQCV 7r—7/V) %HxL, 3 o@@%
B LICRRE LI - EBE 512 V, 120 Ah DYk
Li A4 EEME R LK/ —NICESEE L.
INT ERRD P ROEYICH AR E 240 Ah DEEME
B L QA EB1T, 3 oo@E R, B
77 800 W DY —F,3x/L (PV) ZF%EL, FEEMHIMH
S NS T3 -3 A DN QA o1 c I 2 B e 77
S EOFEIREE (SoC) ZEBEL, FEMD
A EEBE T2, S LA 552 V IZZETHE
Floating “E—RIZEIVEEZ %, K7 VY RITEIMEIZ
RS QWA 7 7Yy R THY, PV BEEELAK
J—RTOEEF 1 EICERERES LTS,
FIC, FHEMEREAEG Yy RO 8 85 i
HENMEZT D720, BT AMEELS/ —RITH:
WL, MEEREIT o7, i/ —F (B4) ICHEJLE
FRAMEERL, 10 SRR CARMAEZ(LIgizLE
D B4 IZBITHEROWINE, AZT+1ELTH9
WZRT7. 1,200 W OB L= e 9O BRI
EEFEIZE S TBI-B3 5 B4 ~EHMNHRAL TR,
B1~B4 & TOFEEFEM AHEHTIL CAMIZE1E
BEAEL COBZEN DD, 2,000 W DO S ATE
Lo G, 1 BOEEM (T EERN 512 V)0

XA usYy FOERETECHET 2015

HOHENEWMIET DA T, §9 39 A OERN
WNDILT THLR, FEEHEBMR, ZORL—TFF
EICEOFHL THREL TWA728, B4 OEE )
BITHRRTH 28 A LB EHEN TR, ZHud
BIAANIT VA A L TZBICHTHE SN T0D
TEERL TG,

y  DoAC
= comar Tnvester

100m

8 WEMAE R DC ~(/n/ VYR TAMY RO
1.

——Bl ——B2 ——B3 ——B4 ——Load

Current at central node
(A)

L
ow 1200W | 200W | 800W 600W 2000W 1500 W ow
Time Lapse (min)

9 B4 \CHENAMAERLIZRF OB O T

" Time Lapse (min)

X110 B1~B4 (a~d) CAMHNILI=
TarfEREFENIEE O L.

ABELILDY 2L —

ZITIE, FEREFICEM T CO DC v A7a7 Yy
RO ET 2l —F ECHERETHILERAT,
BHAMOEEN LD T —Ta—D & bIcE S %
YT Rab—rarE{Tolz. K10 TORET —
&&va:v—yay%“—&%ttiiﬁé&, Bl 75 B4
~OENT7a—OMFEEIIFIE L TRY, EHD
Ao Ji 1A, %\iﬁ%m@wt@, BIXOENA
TIOZEACIZK T HE BROIEEL KL TS,



AHI64E3 1 g 8oy N iR A

EWdHICEEMET L OHIE, 2 —
VaUAERLERT — XL OREADRNEE LN
TW2[4, 5]. B ERILFICE S =¥ —
IR MO LR/ 2T T V71, § ISR 2 ¢
HD. -7, BIRELT, ZRAF—E DOV IaL
— Al AE R ERRE R IS, L
NoT, vlab—H, BET AN, AWMAEET AN,
BLOZEOMOERRE, EBRTITHLOWS O
DEBRE IR T D=0tk I DI L3
rrsn5.

5. EIRE

~ AUy R IO RBICIRET 5120%, 7Y
R HCoE ) fliE A B 85 RS0
TP ROV TIRE L THb.

‘‘‘‘‘‘‘‘‘‘‘

o5
|400 v DC Bus

11 3895 2 DO~ A7a 7 )y REOE ) g .

50 2

Without power sharing ~e-400V 5 a

/ 750V 8

g g —;/ —1s00v | 20 %

= % 3, 3000V 8

£ 30 ||& 15 §

8% £ a

22 20 (|8 ) 3000V, 20 kW 10 ¢
= B =

82 , |2 2

g5 10 ; e | 5 5

0

0 5 10 15 20 25 30 35 40 45 50
Transmission Power (kW)

12 5722 PV EEBMOMAHGDOET, FEELELEINR
HOEEMNOZETDEIBED CO HEHIC 22
Ey

T, BT 52 2OZ U RIBICOVT VA A LD
EARNRZ RS-0, MEC HiffciS3< Ak
SEEEAEDNDEAET D, F7 VY ROEI R
L% MEC 12 B C, imn 7V R CE G HE
HHTL. 2L T, TOEREIE, K~y
RO 7V REEDREBEZITILDET D,

ZZTCHW B —Z (% 1) T, 1 km B
50 [ 2 ZVyRHET, K 12 1R T LB
WERE(LTHILT, BBEAEITDIRNEAIC
T CO R B2 e KA 75 % HIN 52 &3 TF
2. ZTHUTKHIE T2 COx HEHI HIIAY 15 +-COV/ETH
Y, 0.15 t-CO/[4F--BF|DOHIEAEH R TE5H. Z2TD
CO HEHBEOFEI[OICSE L. &5IT, 400 V
(Bt~ A27a7 )y ROFEREIFITHY) OEETE

HEO2KEE 2 7 (March 2024) — 11 (231) —
HENEEAT ST 60, AR TH 64%0 CO2 HEH
EHIRATTRE THD. ZOUE, D7y R
UBETHIUE, DC/DC A N—ZEfRH LN L
FERB AR TH LM b, &51T, VR iREET
FOREAHBIED TV R CTORE SIEiBz 5 ET5
LA, L0EOWEEBELEEENEZRET DL
R DHAS, 7RSS R A o b 25 B A
TFAETHIEN—HRM. L oS, EmEIC
B~ A a7V RIERO LB AT FEME L H %
RYDIZH5THD.

6. FLB

KL T, 7V =2 TPV MR xRy
Ny —7DEBEBIEL, EEh A L TERIC
EPREMTT DETET VY R OMIEEREL, T
U— DRt 2R L7z B o B sR sl kv, %
FENZ7 VY R &R Al fE7 R 2 L%, V3=l —tarE
FOT AR NIZ LD FEERO B THERLT-. $7e,
BRLEIC S~ A27m 2 )y RYEIED FEEL /] REME
EHEMER LT, WFSEIREE TR L2/ Uy R
2L —X—%, TAMIYROZ Yy RORREE B
B PHITE, CPS EL TOLERIFER R LT-.

SCHER

D IE e, BESYYA =T 4 KRS B9-2
(2020)

2) “HOMER Pro,” HOMER Software,
https://www.homerenergy.com/products/pro/ind
ex.html (accessed Jul. 2, 2023).

3) Canada, Natural Resources. “RET Screen.”
Natural Resources Canada, May 30, 2023.
https://natural-resources.canada.ca/maps-tools-a
nd-publications/tools/modelling-tools/retscreen/
7465 (accessed Jul. 2, 2023).

4) W.-H. Yang, Z. -D. Wu, K. Eda, Y. Kamiya and
Y. Daisho, 2016 IEEE 2nd Annual Southern
Power  Electronics  Conference  (SPEC),
Auckland, New Zealand, 2016, pp. 1-6

5) L. Hou et al., Chemical Engineering Journal,

vol. 465, p. 142946, Jun. 2023.

6) FHNSFELDERFHE T LOIMEEHR
K- FRFE R P PR B (—HBI8 N - B8T) D2
FNTHOWT,” BRlEA,
https://www.env.go.jp/press/press_01075.html
(accessed Jul. 12, 2023).



— 12 (232) —

EH2 AR SR (FR 549 H)

bRV EA A — REFH U= 2 —0 VRIS ORI & Z OIS BT 2 %%

N RxNVHA A — REFH L
—a—n RO E F I IIZEET 09T

CE3
PR - Ve TR,

FH {2

WHIEFEEZA ¢ LR e

A Study on Design of a Neuron Circuit
Utilizing a Tunnel Diode and its Application
Yuka KANKE
Supervisor: Shigeo SATO, Research Advisor: Hideaki YAMAMOTO

With the development of Al technologies, machine learning and neuromorphic processing at edge locations are
becoming crucially important. Many neuron models have been proposed to realize brain-like dynamics. In the case
of engineering applications, the choice of models is based on a balance between the processing required and the
cost of implementation. In this study, I focus on the self-excited neuron model (ID model) proposed by Nakajima et
al. that shows excellent characteristics in optimization problems, and investigate its circuit implementation using a

tunnel diode to minimize circuits resources. Moreover, I study its application to reservoir computing.
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Thermal stability of non-collinear antiferromagnet Mn;Sn nanodot

Yuma SATO
Supervisor: Shunsuke FUKAMI

DO019-Mn3Sn, an antiferromagnet having non-collinear spin structure in a kagome lattice, has attracted great
attention owing to various intriguing properties such as a large anomalous Hall effect. Stability of magnetic state
against thermal fluctuation, characterized in general by the thermal stability factor 4, has been well studied in
ferromagnetic systems but not for antiferromagnets. Here we study 4 of the antiferromagnetic Mn3Sn nanodots as a
function of their diameter D. To obtain 4, we measure the switching probability as a function of pulse-field
amplitude and analyze the results based on a model taking account of two and six-fold magnetic anisotropies in the
kagome plane. We observe no significant change in 4 down to D = 300 nm below which it decreases with D. The
obtained D dependence is well explained by a single-domain and nucleation-mediated reversal models. These
findings provide a basis to understand the thermal fluctuation and reversal mechanism of antiferromagnets for

device application.
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Integrated Fibers for Multianalyte Electrochemical Sensing
Fabricated by Thermal Drawing and Laser Machining

Jingxuan WU
Supervisor: Tatsuo YOSHINOBU, Research Advisor: Yuanyuan GUO

To satisfy the practical needs in wearable devices for electrochemical detection, this study utilized the versatile

thermal drawing process to develop a flexible multianalyte electrochemical sensing fiber that could be woven into

textiles as a new form of wearable bioelectronics. Here, the laser ablation and surface functionalization processes
were adopted to realize sensing capabilities on the longitudinal side of fibers, breaking the limitations of the
tip-dominated functions and the number of sensing targets. A catalytic-type sensing electrode modified by gold
nanoparticles (AuNPs) for uric acid (UA), an affinity-type ion selective electrode (ISE) functionalized by Na*
ionophores, and a pseudo reference electrode (p-RE) were integrated on the longitudinal surface of the fiber. The
all-in-one-fiber electrochemical sensor for multiplexed detection was characterized in detail [1].

1. Introduction

Human beings are facing severe crises of survival,
such as aging populations, cancer, mental health,
pandemics, etc. Research on basic physiology, clinical
medicine, and daily healthcare has received extensive
attention to address these crises. The development of
reliable and highly sensitive sensing technologies is
one crucial aspect. In various application scenarios,
wearable electrochemical bioelectronics represents an
emerging technology to monitor the physiological
parameters of the human body continuously and
seamlessly, especially under the high demand for
self-health monitoring in the post-COVID-19 era [2].
Among various important body fluids, sweat has
attracted much attention as the primary object of
seamless health monitoring as it can be obtained
non-invasively and safely at any time [3]. For instance,
the concentrations of uric acid (UA), Na” ions, K*
ions, and CI" ions in sweat can be used to monitor
metabolic arthritis, heatstroke, hypokalemia, and
cystic fibrosis, respectively [4].

Recently, fiber-based electronics have shown great
potential in wearable applications due to their special
geometry, aspect ratio, mechanical properties, and
weavable properties. The thermal drawing process,
conventionally used in the telecommunication
industry to produce optical fibers, has been adopted to

develop multifunctional and multimaterial fibers. The
macroscopically designed structure and function
within the preform can be scaled down proportionally
in fibers at a micron scale with extended lengths of
hundreds of meters, during the thermal drawing
process [5]. However, thermally-drawn-fiber-based
wearable bioelectronics focusing on biochemical
parameters, such as monitoring important chemicals
in sweat, are still on the way.

As shown in Fig. 1, in this study, taking advantage
of the thermal drawing process, a flexible
multifunctional fiber with a footprint of 750 um x
370 um to 1100 pm x 550 pm was developed, which
can be woven into textiles for on-body sweat sensing
with all-in-one-fiber multiplexed sensing capabilities.
The fiber consists of two polymer electrodes based on
carbon-black-loaded polyethylene (CPE) electrodes
and stainless steel (SS) wires directly beneath them,
internal microfluidic channels between the electrodes,
and an outermost polycarbonate (PC) cladding. In this
study, the laser machining technique was employed to
expose the CPE within the PC cladding at designated
locations along the longitudinal sides of the fiber,
which produced a large sensing surface. The exposed
electrodes were further modified with sensing
materials, such as AuNPs for direct monitoring of UA
oxidation as well as ion-selective membranes (ISM)
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for sensing Na® concentration. The electrical signal
could be recorded directly through the SS wires
behind the CPE to avoid signal attenuation and noise
disturbance when it passes through high-resistance
CPE electrodes. Meanwhile, an Ag/AgCl-based
pseudo-reference (p-RE) was also

incorporated into the fiber by integrating Ag/AgCl ink,

electrode

NaCl-containing hydrogel, and a passive membrane
layer. Finally, all functions were integrated into one
fiber as an all-in-one-fiber sensor, and its multiplexed
sensing performance in the artificial sweat was
characterized.

3

thermal drawing process

drawing
—

Fig. 1 Schematic illustration of thermally drawn fiber
fabrication, functionalization and characterization.

2. Characterizations

The AuNPs-modified UA sensing electrodes, Na*
ISE, and p-RE were successfully developed and
integrated into a single fiber as an all-in-one-fiber
multianalyte
characterization of the designed wearable application.
The fiber is woven into textiles and systematically

electrochemical sensor for the

characterized in artificial sweat.

For the measurement of UA, a cyclic voltammetry
(CV) measurement was performed in a two-electrode
configuration, consisting of a p-RE and a UA sensing
electrode, which were connected to the potentiostat.
Here, the p-RE served as both the reference electrode
and the counter electrode. To characterize the
capability of Na® monitoring, the open circuit
potential (OCP) method was used in a two-electrode
configuration consisting of a p-RE and an ISE within
the fiber, which was connected to the potentiostat.

The CV curves and the sensitivity to UA are shown
in Fig. 2a and b. The oxidation and reduction peaks
can be observed at around 0.5 V and 0.3 V of the CV
curve. The average sensitivity of UA was obtained
from the oxidation peak to be 0.62 + 0.1 nA/uM. The
Na* sensing characteristics of the ISE within the fiber
are shown in Fig. 2¢. The potential became higher in
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response to the concentration of Na". The sensitivity
is calculated as 43.1 + 3.5 mV/decade (Fig.2d).
Both potentiometric and amperometric measurements
could be fully integrated within a single fiber. They
have detection ranges that match the physiological
ones with high sensitivities, which can be further

weaved into functional textiles for sweat sensing.

Fig. 2 (a) The CV curves and (b) sensitivity of the
all-in-one-fiber sensor in response to UA in the
artificial sweat. (¢) The potential-time curve and (d)
average corresponding calibration curve of the fiber in
artificial sweat-based NaCl solution.

3. Conclusion

In this study, a series of unique fabrication
processes were utilized to develop a multianalyte
electrochemical sensing system based on thermally
drawn fibers and textiles for wearable sweat-sensing
applications. This fiber-based wearable bioelectronics,
integrated with fully multiplexed electrochemical
sensing, represents a new class of wearable health

monitoring  with  great potential for fully

comprehensive ~ wearable  health  monitoring

applications in daily life.
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Study on a method for generating short light pulses

in the 905nm wavelength band with high peak power
Supervisor: Hirohito YAMADA

Two-photon excitation laser microscopy is rapidly expanding its usage in various fields, such as neuroscience,

immunology, and cancer screening, due to its characteristics of low invasiveness and deep tissue penetration. In

current biological imaging, green fluorescent protein (GFP) is used as a standard substance. Two-photon excitation
of the GFP requires a wavelength of 900-1000 nm. Also, due to the requirements of two-photon excitation, the light

source needs to have high peak power output characteristics. Usually, optical amplification is needed to achieve high

peak power. However, at present, there are no high-performance laser diodes (LDs) in the 905 nm wavelength band
that can be used as the light sources. Therefore, this paper proposes two methods that can be used to generate 905 nm

light pulses with high peak power in the two-photon excitation wavelength range of the GFP.

Introduction
This article introduces two methods for generating
905nm ultra-short optical pulses. First, ultra-
continuous spectra were generated based on GS-LD.
The process of generating ultra-continuous spectra
based on Raman shift was analyzed. A BPF was used
to extract 905nm optical pulses, which were then
amplified using NdFA. Since the generation of ultra-
continuous spectra is a complex process, this study
proposes a method of exciting QW-LD with a strong
electrical pulse to extract 905nm optical pulses from
the oscillation of the second quantum level.
2. Method I : Generation and Amplification of
Supercontinuum (SC) Light through LD Excitation
0
-10

Intensity(dbm)
NS h A LD
o O O O O o

500 700 900 1100 1300 1500
B (nm)

Fig. 1 A supercontinuum spectrum with a
bandwidth of 600nm

In previous research, we succeeded in amplifying light
pulses extracted by a band-pass filter from an ultra-
wideband light spectrum generated using a picosecond
light source and photonic-crystal fiber (PCF) [1]. This
amplified light was used for two-photon imaging. We
adopted a similar approach using a picosecond light
source and a 10-meter-long PCF to generate a
supercontinuum spectrum with a pulse width of 600 nm
as shown in Fig. 1 and extracted the light pulse at a
wavelength of 905 nm using a bandpass filter. Unlike
previous studies, we amplify the target pulse by two-stage
fiber amplification. Finally, we obtained an optical pulse
with a peak power of 380 W and a time width of 11 ps, as
shown in Fig. 2. Although the result did not reach the
target value, theoretically it is possible to reach the target
by compressing the pulse width. However, it is difficult to
do so in practice.

5ps

—

Intensity(a.u)

Delay Time(ps)

Fig. 2 Autocorrelation waveform of light pulses
extracted from supercontinuum.
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3. Generation and Amplification of Light
Pulses through Strong Excitation of the
Second Quantum Level in LD

The generation of supercontinuum spectra is a complex
process. Therefore, in this study, we propose a method for
exciting quantum wells (QWs) using strong electrical
pulses and extracting 905nm optical pulses from the
oscillation of the second quantum level. During the
excitation with strong electrical pulses, we analyzed the
effect of superimposed DC bias on the oscillation of the
second quantum level using MATLAB. This analysis
revealed that the oscillation of the second quantum level
is enhanced when a small amount of DC bias is
superimposed during electrical pulse excitation. However,
excessive DC current overlay suppresses the oscillation of
the second quantum level. Therefore, we adjusted the
superimposed DC bias to maximize the oscillation of the
second quantum level. Finally, we extracted the second
quantum level in the 905 nm wavelength band using a
bandpass filter (BPF), amplified it with a NdFA, and
obtained optical pulses with a pulse width of 134 ps and a
peak power of 40 W (5.2 nJ) without trailing components.
The time waveform of the light pulse is shown in Figure
3.

Intensity (a.u.)

Time (200 ps/div)
Fig. 3 The time waveform of the light pulse

4. Comparison of two Methods

The comparison of the light pulses obtained from two
techniques is shown in Table 1. Although the data
extracted from the supercontinuum spectrum appears
better based on the current results, however when
practicalizing these two types of technologies, it is
necessary to input optical pulses with a pulse width of
several picoseconds into the PCF for the generation of
supercontinuum  spectra, and the bandwidth of the
supercontinuum spectra depends on the input power to the
PCF. Therefore, it is necessary to ensure that the optical
pulses injected into the PCF have a high peak power and
short pulse width. On the other hand, the generation of the
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TABLE I The results obtained from two methods

Extraction from Extraction
SC light from SQS
time span 11 ps 134 ps
ASE% 27% 8.8%
Ppeak 380 W 40 W
FOM(Ppeak- Pav) 22 W2 2.6 W?

second quantum level requires only strong electrical pulse
excitation for second quantum level oscillation, making it
simpler compared to the generation of SC light.
Furthermore, the oscillation of the second quantum level
can provide picosecond optical pulses with much higher
peak power and no trailing edge component compared to
conventional GS-LDs based on FQS laser oscillation.
Therefore, when comparing the two methods of optical
pulse generation in this paper, it is desirable to
recommend the use of the method extracting optical
pulses from the second quantum level for future research.
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A Study on Job Scheduling

for Renewable Energy Driven Data Centers
Supervisor: Hirohito YAMADA

In today's data-driven society, the surging energy demand of data centers (DCs), pivotal for information processing

and storage, is of growing concern. By 2030, Nature predicts that ICT's power consumption will account for 21% of

global usage, with DCs contributing 13%. Given this vast energy consumption, there's an imperative for DCs to

incorporate renewable energy (RE) to achieve carbon neutrality and sustainable development goals (SDGs). To

maximize RE and minimize transmission losses, the study proposes replacing power transmission with information

processing load migration. This research aims to examine job scheduling (JS) methods for RE-driven distributed data

center networks, considering both temporal and spatial dimensions, and to provide insights into optimizing energy

use in DCs while addressing potential challenges.
1. Introduction

In the quest to optimize energy use in data centers
(DCs), this study delves into innovative job scheduling
methods for renewable energy (RE)-driven distributed
DC networks. Utilizing a grid simulator on
Matlab/Simulink, we explored the potential of JS
across geographically dispersed DCs. Our focus was
twofold: spatially, examining the effects of JS between
locations with varying sunlight correlations, and
temporally, emphasizing processing during peak solar
generation at a single location. By setting up Micro
Data Centers (MDCs) on a "Testbed DC Microgrid' and
establishing a container cluster, we aimed to discern the
efficacy of these JS techniques in enhancing renewable
energy utilization.

2. Job Scheduling based on location

This research investigates job scheduling methods in
data center networks powered by solar energy. Given the
variability in solar power generation across regions due to
differences in sunlight exposure, the study proposes job
scheduling based on the battery's state of charge (SoC).
By allocating information processing tasks according to
SoC, data centers in diverse sunlight regions can better
harness renewable energy, enhancing its utilization rate.
Using a microgrid simulator developed by LIU on
Matlab/Simulink, an algorithm was created to redistribute
operational loads based on SoC. Simulations between
Aomori and Tokyo showed a modest 2.7% improvement
in renewable energy utilization due to a moderate sunlight

correlation coefficient of 0.69. However, when simulating
between Aomori and a location with a 12-hour difference,
like New York, the improvement surged to 13.6%. This
indicates that lower sunlight correlation coefficients can
significantly boost the benefits of job scheduling in
optimizing solar energy use.

Received Transmitted Power PV power
power electricity consumption generation
amount amount amount
with JS —_ —_ —_
without JS

Power{kWh]
10°

25

o 1 2 3 4 5 6 7 8 9 10 11 12
Time[month]

(a) With a solar radiation correlation coefficient
of 0.7

Power[kWh]
s
2510

o 1 2 3 4 5 6 7 8 9 10 11 12
Time[month]

(b) With a solar radiation correlation coefficient of
-0.41
Fig. 1 the cumulative power consumption of the
data center in one year
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3. job scheduling based on time

In an effort to optimize energy utilization in data
centers, a unique approach was undertaken by installing
micro servers outdoors, powered by solar energy, even
under the scorching summer sun. This was further
enhanced by the development of a container cluster,
which dynamically shifted information processing loads
based on power availability. The current study expanded
on this by establishing a distributed micro datacenter
network composed of three micro datacenters (shown in
Fig.2). Within this network, the individual servers from
each micro data center were integrated to form a container
cluster. This cluster utilized container technology and was
orchestrated by Kubernetes. Through scheduling
information processing tasks based on the time of day, it
was demonstrated that the servers could operate solely on
the limited solar power available during winter.
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Fig. 2 Distributed MDC network and
renewable energy driven DC microgrid testbed

The micro data centers was connected to the 'Testbed
DC Microgrid Network' located on the rooftop of the
Engineering Department at Tohoku University's
Aobayama Campus [1]. The power generation potential
of an 800W solar panel during winter was found to be
limited, even on clear days. However, by effectively
scheduling server operations—running all nodes during
the day when battery charge was high and conserving
energy at night by running only essential nodes—the
system could maximize solar energy utilization and
preserve battery power.

As is shown in the fig.3, the experimental results
examined the effects of job scheduling on battery voltage
in renewable energy-driven MDCs. Without JS, batteries
frequently reached a full charge during the day, halting
power generation and indicating wasted potential. With JS,
batteries maintained a charge below full capacity,
optimizing power generation. Solar radiation data from
the Sendai Meteorological Agency showed higher solar
power generation on days with JS, despite less solar
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radiation. This suggests that JS effectively utilizes solar
power, conserves battery life, and reduces nighttime
power consumption.
voltage(V)
55.4V - fully charged

the following day
time(h)
Fig. 3 time-varying terminal voltage of the battery
The time waveform of the light pulse is shown in
Figure 3.

4. Conclusion

This research delved into job scheduling methods for
distributed data center networks powered by renewable
energy, examining their efficacy and challenges both
theoretically and empirically. Spatially, the study verified
the potential and impact of job scheduling across
geographically dispersed data centers, aiming to optimize
the utilization of renewable energy. Specifically, it was
demonstrated that in regions with low solar radiation
correlation, job scheduling can significantly enhance the
effective use of photovoltaic power generation.
Temporally, the research proposed a job scheduling
method at a single location, distributing information
processing loads based on daily solar power variations,
maximizing renewable energy use efficiency. The results
highlighted the trade-offs between improved renewable
energy utilization rates through job scheduling and
challenges like reduced device operation rates and
potential server shortages. These findings underscore the
importance of green initiatives for data centers and
contribute valuable theoretical and practical solutions
towards sustainable development goals. Future work
should further optimize energy management solutions and
expand research conditions to understand the broader
implications of job scheduling.
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