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Members

0 M

* PhD candidate

« 2D/3D heterojunction photodetectors,
lII-V optoelectronic devices

Q Acts|
* MS student

* Photodetector dynamic
characterization, Gas sensors

Q 20o{T

* MS student

« 2D/3D van der Waals
heterojunction photodetectors

0 EeA
* MS student

* llI-Nitride HEMT, Germanium
transistor

0 4N
* MS student
* |lI-Nitride UV photodetectors

Q0 838=

* |lI-N Power transistor
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Research area (l)

Q 2D/3D van der Waals heterojunction devices
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* The choice of materials that can be grown in conventional epitaxy is limited by the lattice
constant of the substrate

* The 2D van der Waals (vdW) material relaxes the lattice constant constraint. 2D/3D vdW
heterojunction opens up the possibility of various energy band alignment that could not be
achieved with conventional epitaxy
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Research area (l)
Q VIS/NIR wideband photodetectors

* Face recognition uses a 940 nm VCSEL, limited by the spectral response of the Si image sensor
For eye safety, an image sensor capable of detecting a 1.55 um long wavelength is required
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* MoS,/Ge vdW heterojunction enables visible/near infrared
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Research area (ll)

Q Monolithic 3D integration technology

* Scaling is no longer associated with 14nm
lower average cost per transistor _—
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Research area (Il)
Q Monolithic 3D integration technology

Si BEOL &H 4Ixi=z xH'2 CMOS 44Xt &
A SHE Y

7 S YAmta— ~a 8
\ ; X
oim A2 nasiolsE | g ojal e GMOS B8 i L 2
MTE LAY 25 T | Do HSIT 9)% OjA MA BE 25 | l '
~ 1 1 1 | ==
[ " Voo ! i w =
1R : OMOS
: A | S e e e oy 7 ! E—
I ' I i I
| 2D Metal Oxy—chalcogenides | : E
| FIX} O[S 500cm?/V's O} 2 1 e e o : s =
: : ot | e 1O
i i : | &
: i n-well : |
| | 1 |
I I Si substrate 1 ,'
: : \\~ __________ f’
| |
| i [ siovos/amiz ovos Baaxi w 71e 2 sxi wE 28 P Y
|
:\ l= In-memory computing & SRAM IP, 2’d41S SoC 32 Digital LDO IP &4
7 2XF Z1X CiH| Footprint 30%, 2H|M= 30% ZfA

Innovative Semiconductor Device and Integration

Junseok Heo (jsheo@ajou.ac.kr)
Innovative Semiconductor and Device Integration Laboratory

8/13



Research area (ll)

Q Monolithic 3D integration technology
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Research area (lll)
Q (Ultra)wide bandgap devices

2018-2024 emerging materials’ target markets

(Source: Emerging Semiconductor Substrates; Market & Technology Trends 2019 report, Yole Développement, 2019)
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and Challenges, Adv. Electron. Mater. 4, 1600501 (2018) .
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Research area (lll)
Q (Ultra)wide bandgap devices
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F. Roccaforte, et al., An Overview of Normally-Off GaN-Based High Electron Mobility Transistors, Materials 12, 1599 (2019)
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https://www.belkin.com/in/p/P-WCH003/ https://compoundsemiconductor.net/article/110303/Optimising_GaN_Heterostructures_For_5G/feature
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Research area (lll)

Q (Ultra)wide bandgap devices |
 MSM UVC Photodetectors | .~ * Hydrogen sensors
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* Direct imaging possible with DUV, X-ray, and y-ray
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OfiLAX] SHHIAES

* Monitoring air pollutants, SO, < Monitoring power loss LG e
309 td - 3
¢ 617 vd HEMT &X} 7|t

Fo7IAE EH
AN

4 WEIFA YLLIO ULEEL
"

0 & off, o0

=

182 td r

COSPEC
237 1d

50, Pathlength Concentration (ppm-m)

0.02 0.06 o1 014 08 0.22 CIE 7tA Z2X| 71
Absorbance
Journal of Volcanology and Geothermal Research, 161, 47-56 (2007)
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Facilities

Q Cleanroom for processmg

* Photolithography tools (mask aligner, spinner, hot plate, oven), Etcher (Si etcher, O2 asher, ICP-RIE),
Metallization (E-beam evaporator, Sputter), PECVD (SiOx, SiNx, a-Si), ALD

O Characterlzatlon Q UH—VD

* Probe station, Photoluminescence, Spectral photoresponse
measurement, Cryostat (Optical/Electrical), Gas sensing * Germanium epitaxy
chamber
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