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BT HBENT 7 4 v 7T 572010, RIEEEHEESCEEEERN T CRER]NET o2 &
ODHHMELH DY 2 (Si) ZHAWIEERBREKEAER S TW5, FRICBERETHET /S AT R E R M
PR MR EOREMN S, T A Y L—F & LTOFEABEHEN TV, T4 Y L= IRtk 51—
PORZEIEED SHRELZ > TRV BUEIXT — 4 o ¥ —MR PO P REHOLEE THEEL SR TWD,
EHIABITFR Y P — 7 OEEIERRERAGR EICE T, KHICKDERERNRELS o TN EEZS
N, KTAYL—ZOFREFIETETEHES TN EBXLND, FRICE~TIRHEEE CIXER FTRE /28 R
BONT A Y L—2BROEND, BERIEFTA Y L—ZEZEMESE D7D, SiEIK Ry 3 e
IR B MR BT DI LETH D, AR T, BT EIO R THERE 1550 nm 7 T
DOMEREM EV Ce:YIG & Si K FICEMT 2 HINICER L,

BERE SN TOWDAHBERTFET A Y L — 2 OERTHEIE, BICHEREIE L XA R T 4 o TR0 25TH 5D,
Si B EICRESOE A B A R b AR & 2 MR X R E BEEERE S FTRETZ 3, Si & CeiYIG DR T EELDE
MNH Ce:YIG IXHFEM TR S & 72 b, —RICEHEROSA ., B & ik U TR a < e
D, FAL ZEOEKREOEABEDOHMA LI X T, E5IT, Ce:VYIC DRERILDT=HIZIE 900 CFLE D &
B ARKELZ2D | REREGE T 0 2B 28 BER T 1 R AR Z ERREECH D, — T,
Ce:YIG % Hifffhpk & S 72250 (SGGG) Z % mm MIZEI D HH L, Si P FICAEY DT 2 FIERF AR T+
YIWHETH D, TOIFEF 200°CERE ORI TR T 5 2 LR ATEETZAY, R & 300 pm CHEIfE(L 1 mm? PLE
B D SCCE BT NA A LIZFED Z & T, BMEBEEBOBTIZ/R 5, S HIT SCC6 I LR REERMETH 572
B BT RICER LS/ NULE T 2 IR TH D, 0 & D ICHERSE SN TV D E AR RS
TA Y L—Fx7a e ARESCEMMEICEEND B,

ZZTAME TR, BEEEBEERET e AR TR - b7 277 =7V T 4 7 W TPICER L
oo ZOHMEBKAEFMEHIIER T 2 OEARMEA AR L 700 | RIFETIEL p-TP BT L D/0H O
SGGG/Ce:YIG % Si B PE LICHEV (11T 5 7 a8 AOMSL L O Z OFIRIC L /N~ oo Y = U —TF
DHRNET AV L —F 5 FBRT L5 L2 WEAN LT 5,

Ce:YIG % Hiff bk E & 70 SGGG % mif BN vl RE 72 VA X E THANCHRE L L OV L, 2% 2000C
ORI T Si W L2 — O X ST 0 2 FIEERET D, FERHOREER, XA R T 0 Tk
LEER LT SGEC DY A RZE 1L 30045 D 1, HEFEIZ56 40 1 FREL R BES 1 m XOERE 50 pm X 800
mm FT/NUYEL, 2 E 140°C & W D RIE T ST EE RICBE W AT A Z LIk LTz, & BICHESL L7z p-TP ik
ERWTY v« V2 U X —TEROBEFET A Y L—2 OfER L BEEGEZ T o 72, T 3 A IR
DRI L DIFHEEMER R L, E 1567.1 nm T7 A Y L—HF I a 14 dB #3ERL LT=, SGGG/Ce:YIG O p-
TPIZL > TRAELLEBMOBERIT 11 B EHEINZ, Flo, FART 4 U TEEHBLTT NS A A4 X
X104 1 FEED 0.25 m® Z3ER% L2, & HIT. SGGG/Ce:YIG IZZF DR A T4 25 = & THAHE LR
LRSI BEEKOMEEE T RTHI LTI/ ETHZENARETHIZEEVIab—Vvay
WZ &> TR LTz, T ORGSR, AT 1.5 dBRE F TIRBNAIRETH Y . T34 A% XL 70 pm X 350
um® F/MULTE A EER LT,

WRIEFET A Y L— 4 ZRIE TR BRI /I Re72 n-TP 35 THENL L 72 &\ 9 RAFFED AR, 25D
TN N T =Ty T ONRULRLEMRELIC SR RN D Z E RIS N D, S HIT, WENEFET A AT
KTAYL—FEFIZEEELT, ARV AAS vF, =a—TF Ry NU—7 72 ERix RIS BE X
NTEY ., BAFEREIIBEATFET AL AORBIZMT - RERERTH D,

i« FRSCEER 1T, FISC 2000 F & JE3C 300 35 % 1 EEF ORI 22, & L<ITTEL 800 3% 1R L T 72E W,
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Recently, communication traffic and power consumption are rapidly increasing with growth of
smartphones and social networks. For construction of next—-generation photonic network systems,
optical integrated circuits using silicon (Si) have attracted much attention because of low power
consumption, high—density integration, low—cost and compatibility with semiconductor manufacturing
processes. In particular, magneto—optical (MO) devices are expected to be used as optical isolators
due to their properties such as non-volatility and nonreciprocity. Optical isolators provide one-
way propagation and protect laser diodes from unstable operation by reflected light. In the future

it is expected that waveguide—type optical isolators that can be integrated at high—density are
necessary for short and medium range communication. In order to realize waveguide—type MO isolators

integration technologies are required to integrate MO materials on or beside Si waveguides. However,
currently reported waveguide—type MO isolators have problems with process temperature and
integration.

We focus on the p—transfer printing (u-TP) technology, which enables high-density integration
and low—temperature bonding. Our research is the first in the world to apply p—TP technology to MO
materials. We adopted Ce:YIG as MO aterial and SGGG as its growth substrate. We succeeded in bonding
a miniaturized SGGG/Ce:YIG with a thickness of 1 um and an area of 50 ym X 800 pm onto Si waveguides
at 140°C. Compared to the die bonding method, the thickness of SGGG/Ce:YIG was 1/300th and the area
was 1/56th. Furthermore, we fabricated a compact Mach-Zehnder interference type MO isolator and
demonstrated its operation. An isolation ratio of 14 dB was achieved at a wavelength of 1567.1 nm.
The results of our research, which established the integration method of compact MO devices at low
temperature, are expected to lead to the miniaturization and higher performance of optical
transceiver chips for optical transmitters and receivers.
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