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Sub-picosecond Optical Switches Utilizing Intersubband Transition in GaN
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It is necessary to introduce optical signal processing technologies into optical fiber networks to cope with the continuous increase in

digital data.

Toshiba has developed a novel ultrafast semiconductor optical switch based on the intersubband transition (ISBT) in
GaN/AIN quantum wells, as one of the key devices for this purpose.
GaN waveguides, were successfully reduced, and a gate width as short as 0.24 ps was achieved.

Crystalline defects, which cause strong background absorption in
The potential for such GaN switches

to operate at 1.5 Thit/s, the fastest speed among waveguide-type semiconductor optical switches, was verified.

n FzhiE

A5 =2 E RN LTHRNAEREIZFE2MHE2BZ 5
BWTHZ TS, 5% EHMILGE R DAMDORER
FYINEROB M A TN TBY, XL —FLHRD
10GEY N/ sHhBH40GE Y /s, 160GE Y /s & FiFTw{
VENRDH L, BEDOKT 74N Ry T =2 TlE, 5k sh
TELLEMETZ /) —F TV o ABREFIIRL, BA
BRI CTEL /NS R EMICHMLTH LRI AT T
Who COFTET— I ML FETHE, V—F DIHEEIR
PAZXDBKRELRYTE, MBfTh Rl b, €T, KED
BERBIZOVWTIRE T2 0 FFWUH T2 6E 70
T OEAHELDOLE T EINT W5,

BEBGEAAY FIE, 2OLHRFRDING ) — FLHE Y
BT NAAD—DTH b, HIRTH, X774 DIEHIE
HEAMHALT, 100GEY N s EDNA Ay F 7 FERD
fTbhTwb, LAL, ¥A4X, A, HHEHE), ©EN,
R, R bR 2 E 2 58, PEAEAL Yy FOFEH
MW EENL, L2AHD, TNETOLELREALyF D
IO H LB T O Ay (100 ps ~#ns) THIR ST
BY, BT GEYNsHRATH 72,

COMRZIT B L FEARTONALy FHEHELT,
TN R ERE (LUF, ISBT (InterSubBand Transition) &
WEEE) ANEHS T 5 Vo ISBT 13 8 i T30
W (B 5 VIIEFH ) ISR SN D, 73 FEMEh
BTN OBRETDH Lo KR (L oBEA Ik S

30

NIBET DT QWA 5 BER]) 2582 FRBRE L T
2~31F7245 (0.1 ~Fps) DT, M1TEY /s (B 155
b =48 1K) OB EEBED T HEIC 2 %o

W7 7ANEAE THDN D HER 155 um D ISBT i,
FHERELTEBA VI IAT YA LE S TLVIZTA
v # 77 E ¥ (InGaAs/AlAsSb) %, @bV v a 221k
TNIZwA(F)2) (GaN/Al(Ga) N) % (BLF, GaN& &
Wsin), ROBAL AR Iy A L ALl 7 v bR
1) 5 (CdS/ZnSe/BeTe) RO BFH A THEIENT WS
INBEDHE, bobd HHEDOBENRELR DI, GaN;f"(
HbH, 2T, IR ez 7 T 0y ="
(1995 4F 12 H~ 2005 4E 3 H) OHHLA D THE 2354 LT
FZs %2 b T &7z, GaNRISBT oA A v F IO W TR 5,

GaN &Y T\ RESER
2.1 Fig

® 1%, GaN/AIN & T-H 5 OfEEW O T 2V F -k %
XA L=RITH 5, EPPafiie =y BRER

RHEFSWAHKEL, kg & REEE T 22 MV/cm
F—=F—DUENV MM BERPAEL TS, GaN/AIN RO
IANF - 175eVIEETH 505, ENV M v EFIC
LBRT VIV OEESTEMYZREBENE R DD T,
HHRRLICHEMTH S, HEL 2nmBEICTEE, 7
NYREOZ AN F—%%2#08 eV E 155 umH24)
I2TE&ED, HREICIE N — (BT 2T 4 %) L LT

B2l Ea1—Vol.60 No.5 (2005)



AINO GaNO AIND
[EELE HFIE [REEE

b‘j‘"l\'yh"\}‘m\ \ \
T ‘ ) i mty
O'Slevﬁ%% e
e gy oAl v

(a) HIEFEHIEVNEED

(b) HEENHZDEED

YINUR

E1. GaN/AINEFHFE®D ISBT [CKD KA1 v FDRIE — #il#Hto
HIIZ X D EFROEMRKHLZAT 2. FIEDEABYBED &9 I
WIS AR S % o

Switching mechanism based on ISBT in GaN/AIN quantum wells
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Intersubband absorption spectra in GaN/AIN quantum wells
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Schematic of GaN ISBT switch
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ISBT switch module
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Saturation of intersubband absorption
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Ultrafast response of GaN ISBT switch
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Response at 1.5 Th/s
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