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Abstract We studies to verify results similar to those of previous experiments, and their potential as
a lighting device through optical characteristics experiments and resonance and optical characteristics
simulations of array devices. The photonic quantum ring (PQR) device having a mesa diameter of 40
um and an internal hole diameter of 3 um was fabricated. Through the near—field observation of the
fabricated device, it was found that the PQR device operates even at wA, and also that the mesa and
hole devices are driven independently of each other. As a result of measuring the wavelength spectrum
of the device according to the location, the coupling phenomenon due to mesa and holes was

confirmed.
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1. A&
1.1 FEAE o)A (PQR: Photonic quantum ring)
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Fol ojgste] X E 2]a18T] (Photolithography) & A% Eo|7F oF 2um? /o] Fd %) o]% CAIBE
AE 93t nfA23E A A3 (Chemically assisted ion beam etching) #&v]ZE o]
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Fig. 1. Photolithography mask image
for fabrication of photonic
quantum ring devices.
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Fig. 2. Cross—sectional diagram of PQR devices.
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Fig. 3. Current properties for voltage of fabricated
PQR devices.
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(b)

(c) (d)

@ ) Fig. 6. Near—field image of the device when (a) 15 pA,
Fig. 5. FDTD simulation results of a QW structure in (b) 30 uA, (c) 120 A current was applied to a

which InGaAs and InGaAsP are repeated
with 6 layers, electric field distribution in (a)
top view and (b) cross section of a
microdisk. (d) Coupling of the resonant wave
in the microdisk with an external waveguide.

device with a mesa diameter of 40 wum and an
internal hole diameter of 3 pum. (d) 3D image of
the intensity of light energy when 120 pA
current is supplied as in (c).



ol AAA L TEE] A% thE w3l

s %ookxml o)A 2249 lolamr AT Tx
Rl ol5) 3749 W 548 Uiebdl

o). olg} 2 ; 1o Bl 9ia) WA Az arjel

CCD olm|A] ¥z HBH Wt 917 e] Aol 7t 2
wAF A7 40um, WF-< h0164 AA 3um 2AE A
gapaitt. 18 6(a)= 15pA] H7E Q7IsIlE ool
near field2 7}&dl 3um holeoﬂ «]fﬂ' s Az 4
2o, 30pAc A= 45um WAL ol KoM &= F13)
= 37F AEE (29 6(b). 120uA7} T = 19
6(c)ollXM= 7R ol A Bt ekl 221l ®o] &<l
T 7t wl$- Asitt FPE e R 6(d)= 6(c)
AAH 120uA 7S sHFS W Fld= A171E 3D
2 gslet 2102 3um holeol| A 733k Hlo] whAs}=
AL 2RI = glor oF Fal WAk hole A2k A
2 =07 Exsl= A8 Zysit) olglsl Juse
H|A} @52 = evanescent® LFoRE F- propagation 5
S Upepe, 2ol me thege] PHAEIC [11-14]

T AFE W ARAZS wo] A A
f15ke] 0.8uA%t 0.4uAclA €] Foll ] 3D & 19
700 VheRpgitt.

_1

=
=

Light emission

by 3pm hole

(a)

Light emission

by 3pum hole

(b)

Fig. 7. 3D images of light energy intensity when (a) 0.8
wA and (b) 0.4 pA currents were injected.
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Fig. 8. CCD image showing the optical fiber position to
measure (a) mesa device, (b) coupling of mesa
and hole device, and (c) hole PQR.
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Fig. 9. Oscillation spectrum results in (a) mesa device,
(b) mesa and hole coupling, (c¢) hole PQR.
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Fig. 10. Schematic diagram of a measurement system
with an optical fiber approached between a
mesa and a hall element to analyze the coupling
phenomenon of the fabricated PQR device.
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Fig. 11. Simulation results at a distance of 1 m in a 24
X 24 array, in which 24 elements with a mesa
diameter of 30 wum and an internal hole
diameter of 7 um were spaced 65 um apart in
the x direction, and 24 such 24 elements were
spaced 60 um apart in the y direction.
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