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Abstract

EE7VVNEZRAVEXERERX ;T / BEOGEERMBECIYEAL, X/ BEFEY
BzETAHEHX130nmNDGaAsBIEFRICEFRIVIZ 71 —ZRHVTERLZ, TDOH, IV
RIVFUICR)BUBEERNWICRELSIZRA LTS ZERBEE Lz, BEEERRE, X
FEHMBETICHVT, BEENRICHBEMILAZEBELRRICSIZE LR ETEY T YT L,
BRBEFEVAVEREARYFFLE, JLZR 2 < YESLETFEEXNRO&Z ) —A
THETHEEZRTLUE, BEEFIICKEK, GaAsk T /BESLVEEE VIV ERONSGES
CUVAVVEBHELKRZER7ZANICHEL, RELEBZEL . BEERAOIALRK, RUIXF
L>OFH2 (PDMS) IZRTHDE—II RERICEVERL Iz, T REUIERICHT
BPRIVIZTA—ICKRWERLE, VAV BKOHBRICKWIVF I LI, LYARMTA
VOAXTRZ7OCLAREN B 212z, BILVIAVRAVZHEBICELIETIUIVRT
YFUUDREMEZFO L. TVFUIJHRE, BREEJTREAREZAVTERLLEY, BTO
ITVFUUVCENRSNENKRELBBERRSBN 2k, BEERRTR., FIFEEJLOYA
AZZADODEEORFEANL, JANBEERNRICEXNTIETERZHELCR. EVITYS
NEBICHLL B2, BRIC, BoNICEYITYTEhizy), EVITYTRICKT /B
FERETHIEHANRShlz. —A. RETERHFEILR., VI—ANELL< B2z, FLEER
FEFECODVTERFZT 2/, BV -AROEEILANAEZREL, BEERNEAOE
AN, AENNETERHEICE, VI—ANFHLLBO21z, —FH., AENFKETESH
Bl KT/ BECBRENFRSNDBEN B2, ChSOMREZBLU T, EERNREBICTH
ThRESILABEPRESEZEZRHTCEICHIL .

We studied a hybrid integration technology for semiconductor thin-film optical nanostructures using
a transfer printing method. The optical nanostructures were formed in a 130-nm-thick GaAs film
with a sacrificial layer underneath using electron beam lithography. The sacrificial layer was
selectively removed by wet etching to form a peelable airbridge structure. Transfer experiments
were performed using a home-made transfer printing apparatus. Under an optical microscope, we
manipulated a viscoelastic rubber to the transfer target. First, we bonded the rubber on the target
and pulled it up rapidly to pick it up. Then, the target was adhered on a silicon substrate with a top
thermal oxide layer and then released by slowly lifting the rubber. Before the transfer, both the
GaAs optical nanostructures and the silicon substrate were exposed to UV ozone irradiation or air
plasma for surface treatment. The rubber stamp for the transfer was fabricated by mold formation
of polydimethylsiloxane (PDMS). The mold was fabricated by optical lithography on a silicon
substrate and wet etching with a KOH solution. When using a resist mask alone, the yield of the
wet etching process was low. Therefore, we inserted a silicon oxide layer between the resist and
silicon, resulting in the improvement of the stability of the wet etching. During the wet etching, the
solution was agitated using an ultrasonic cleaner, which accompanied inhomogeneity in the
etching speed, though it was not a critical issue to proceed the experiment. The transfer printing
experiment was first performed with changing the size of the transfer rubber. When the rubber was
too small compared to the transfer target, the pick-up process became difficult. At the same time,
the small rubber sometimes partially pick-up the target or damages it during the pick up process.
On the other hand, when the size was too large, release became difficult. Optimal operation of the
transfer process was also investigated. In particular, the tilt angle of the transfer rubber during
release was examined as it affects largely on the success rate of transfer. When the angle was too
small, release became difficult. On the other hand, when the angle was too large, damage to the
optical nanostructure was sometimes observed. Through these studies, we succeeded in finding
the optimal rubber structure and operation method for successful transfer printing process.
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Investigation of photonic hybrid integration with a transfer printing method

1. HIREBRFROBE

EEJUMNEERAW R EIKEEL T /IEEDEERTEEICIRYBAL, XF/EEIXIEUEEE T SEH 130nm D GaAs &
BhZEFRIVI ST —ERANTHER Lz, TO®%. JzvbIyFUJ & VBB EERMICRELSIEFIALAREL D E#EE
ELT- BRERERT. AFEMEBETICEN T BEMRICHEET LZEBELAFEIISIZLFRIETEYITYTL., BBLIEFED
DAV EIR EANBEYFIT#%. TLZD KYBL EFEEREDHAE))—RAFTEIETEEES T L. IEEHIICE. GaAs KT /13
ERIVEELEVJaAVEROMA LS, UV AV UBSHELFIERTFAVICHL, RELEBEHEL-, EERAOIT LI, RUDAF
LA xH2 (PDMS) 2T BE—ILRHRIZEYERIL = E—ILRIZ YOV ERIZTKT BRIV ST0—IZKYESILE, )y
X KOH BRIZEYTYF S Lz, LYARIRIDATIETOERRENEN =10, BILL IV TR ERBRBIZELZETY
IYRIVFUT DREREEEDz, TVFUT I, BREBEREEEEAVTERLES., ETOIvFUIToNRLN=AK
EHEBE LI NS, BEEERBTIE. ETEEIT LD YA REEZ D DEEDHRF AN, TLNEERZICHRT/NET
EFLEEIZIEX. EVvITYTHERIZH L GoT-, BB, B MICE VST yTEnt=Y ., Evo 7y TR F /&S A5 T 5E5
NRoNf, — A, KEFTEBFEICIK. V—ADRE#LLG o1, TEEREAEICOVTERNE T o1z, HIZU)—RBEDEE
JLDAEERAEL. BERNEADEZEEFAR -, AENNSITEDGEICIE, V)—RADH LTG>Tz —F. AENKET TS5
BIZIX. T /BEICBELARONDIGENH oz CNOOMEFELTC. BENREBICFNETNRELGILBECIRER EEZR
B9 &2l =,

2. MIRERRAEEOBE R

We studied a hybrid integration technology for semiconductor thin—film optical nanostructures using a transfer printing method. The
optical nanostructures were formed in a 130—nm—thick GaAs film with a sacrificial layer underneath using electron beam lithography.
The sacrificial layer was selectively removed by wet etching to form a peelable airbridge structure. Transfer experiments were
performed using a home—made transfer printing apparatus. Under an optical microscope, we manipulated a viscoelastic rubber to the
transfer target. First, we bonded the rubber on the target and pulled it up rapidly to pick it up. Then, the target was adhered on a
silicon substrate with a top thermal oxide layer and then released by slowly lifting the rubber. Before the transfer, both the GaAs
optical nanostructures and the silicon substrate were exposed to UV ozone irradiation or air plasma for surface treatment. The rubber
stamp for the transfer was fabricated by mold formation of polydimethylsiloxane (PDMS). The mold was fabricated by optical
lithography on a silicon substrate and wet etching with a KOH solution. When using a resist mask alone, the yield of the wet etching
process was low. Therefore, we inserted a silicon oxide layer between the resist and silicon, resulting in the improvement of the
stability of the wet etching. During the wet etching, the solution was agitated using an ultrasonic cleaner, which accompanied
inhomogeneity in the etching speed, though it was not a critical issue to proceed the experiment. The transfer printing experiment
was first performed with changing the size of the transfer rubber. When the rubber was too small compared to the transfer target, the
pick—up process became difficult. At the same time, the small rubber sometimes partially pick—up the target or damages it during the
pick up process. On the other hand, when the size was too large, release became difficult. Optimal operation of the transfer process
was also investigated. In particular, the tilt angle of the transfer rubber during release was examined as it affects largely on the
success rate of transfer. When the angle was too small, release became difficult. On the other hand, when the angle was too large,
damage to the optical nanostructure was sometimes observed. Through these studies, we succeeded in finding the optimal rubber
structure and operation method for successful transfer printing process.
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