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Ultrafast Optical Switching Devices Utilizing Intersubband Transition in GaN Quantum Wells

gooon

m KANEKO Kei

gooon

m SUZUKI Nobuo

goooy

m |IZUKA Norio

00000000 Th/sOT: 1000 0000000000000 00000000000000O0000
gbobooobooobooobobooosBTOO OO ODOoOOOOoOoDbOoOooObOoobboooooboooo
O00D00000ISBTOOODOO0OOOOODpsOp: 1000 0000000000000 D000000
goopboobooosBTogoogoooooobogoboooboooboooboboooboooboooo
oooooboobO0om@ T Th/sODOUODOOODODMOWOOOOOOOODODOOOOODOOOODODO

I |

gboboboobobooboooboobobooooobo

Optical switches are being developed utilizing the intersubband transition (ISBT) in nitride semiconductor quantum wells, for application

to future ultrafast network systems.
within a picosecond have been demonstrated.

Simulations were carried out utilizing the parameters obtained from the experiments.
These results confirm the possibility of realizing optical switching devices.

could be achieved with a power consumption of less than 1 W.

DEIDD

000000000 000000000O0O0oooogo
000000000000000000000000000
00D00000000000000000000000
'OD0002010000000000040Th/sO000
0000000000000 00D000000o0o0ooono
0000000000000 DWDNMIDOOOO0OO0O0000
0000000000000 0oD0OoDooo0O0oononoo
000100Gb/s00 0000000000000 OOO0
gooooooon

00000000000000000000000000
0000000000ooooooooooooooon
0000000000000 00 O-E-@ Optical-Electrical-
Optical DD O0D0OO0O0O0ODDOM OOOO"000O0OODO
0000000000000000000000000000
000000 MO000000000000000000000
000000000000000000000000 ISBT
go000ooooooooooooooooood®oo
000000 0000000D0D000000000000
0" o000 Oo000O00000000000ono
0o0D00O0ooooo

0000000000000 0000000000000
0000000000000 0000ISBTOOOODOOO

000000 Vol.O No.IOOTTIO

So far, the ISBT has been achieved at optical communication wavelengths and optical responses
Moreover, the ISBT has been observed for a waveguide structure.

The results suggest that operation at 1 Th/s

gooooooobooboobbbobbbbbbbbbb
gooboboboboooobboooobbooboooon
goiseBToooooooooooooobooooboooo
gogbbbbooobobooobbooobooopobo
gooboboboboogoooseTOUOOOODODOO
gogobooboobobod

DDDDDDDDDDD

gogdoooobbobooooobmuooooobo
goobooobbooobooboobobbooboboobobo

ooooooooooo

oooooo 1Tb/sO O

\ 0oo 0oo
1Tb/s0 O = M
s g T
goo A | ZENmE
: oooo |s
ooo [
oDooooo TN [ T
Ve J
D0o00o00o0o noooo ~—

0oo
AlGaN/GaNO 000000000 ||00000000 = 0000 D
000000000000000D |[D0000000

oooooo

\DDEI.Tb/SDDDDDDDDDD

gOooooooobOo0oooOoOoO0obOo0oO00n0 GaNOIsBTOOO
0oo0000000oooooMm Th/sOOOO0OO0O0O0O00000000D

Image of device application
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Principle of switching by ISBT
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Comparison of absorption recovery times of GaN and InGaAs
quantum wells
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Examples of ISBT spectra
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Absorption recovery characteristics measured by pump-
probe
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Absorption saturation characteristics

goooboooooobbobobbobooooobo
g0o0doo0do0ooU0ooOmmodow20000oOoogo
goboobobooboobboobolbodbmpsnoonom
goooboobooboobooooooooooobO04ps
goooooobbobbbboobooobboooboo
gooobogbbbbooooobbobbpesbogonon
gobbooobooooooobbbboobbooooon
000O0ooospdam 0000000000000000
0000000pm’ 000000000 Th/sOOO0O0O0
ggogbooooooobobbopobbobbooobo
gooogn

DDDDDDDD

oo obooooooooooseTOOODODOODOO
gooob01lepmi0O0D0O0OO0O0ODOO3ODODOOOO
J00000GaNODODODOO AINODOOODOODOOO
4aumbd0oooooboboobooooooooobon
gogoboobooobboooooboboobboon
goooooiseTooooooooomooooon
ggboboboobobooobooboboobbooobon
goooobbbooboobooobobbbbbooooooobo
0000000 145dBO0O00O0O0OO0O0O0O0O0O0O0OO0O
gooooooooboobgoooiseTooooooon
goobooobobooboDbDceaNbDISBTOOOODOOOO
goboooobooboon

37



0000000000000 00000C0O0DOng
0000000000 D00000000000000000
000000000D0000000 2% 10%m’*0 1000
000D0D0D0DDD0OO0OGaNDODOODODODO AINDODOOOOO

obooboooooobooooooboOobobooooomLn

0 30005000750y mO 3000000000000000
000000 155umO0 250fs0 000 0 00000 OGaN
0000000000000 0O00000O0Dooong
0000000 0000000D00OO0OO0ODOO0DDODOO
0000000000 00000000FDTDOO OO0
oooo™®™o

000000000000 D0O00O0DO0O00O0DnonOoOd
0000000000 00000D00000D000000
010dBO000O0OODODO10dBOOOOOO0O01pJOO0O
000000000000000000D0D0OO000 T Th/s
00000000000 000D0IWOO0O0Ooooooo
0000000000000 0O00D0D00000000oo
0000000000000 00000000000000
0000000000000 D0D00000DO0O0n

401
[__LO750pm

LO750p m

0000moD0ddBO

I:Ilo - L1l
102 10™ 10° 10*

Ooooooodplo

ooboo000000000000000000000O 1pJO000D0
goooo0i1odedO0O0D0O0IDNOO0mM1I0dBOO0OOOO0OOOOOT
oooooooooooo

Results of gate switch operation simulations
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