2022 Bt NS E=H 7T

K= gty 2X}F S HE3 2 A A
(i-S!LK)

School of Electrical Engineering,

Kookmin University

A
H1
El
1>
oN
g
fot
23
0x
al
ob
ot
oN
ol
o




Professor

Prof. Dong Myong Kim, Ph.D.

v" Seoul National University, BSEE, (1986. 2.)

v Seoul National University, MSEE, (1988. 2.)

v University of Minnesota (Government
scholarship), Ph.D.EE, (1993. 2.)

v Korea Institute of Science and
Technology(KIST), Researcher,
(1988.2.-1989.8.)

v" School of Electrical Eng., Kookmin Univ.,
Professor, (1993. 3. ~)

.
E Y
-

Prof. Dae Hwan Kim, Ph.D.

v" Seoul National University, BSEE, (1996. 2.)

v" Seoul National University, MSEE, (1998. 2.)

v' Seoul National University, Ph.D.EE,
(2002.2.)

v" Semiconductor Materials and Device
Laboratory(SMDL) in Seoul National
University, Postdoctoral researcher,

(2002. 3. - 2002. 8.)

v" Samsung Electronics, DRAM Design Team,
Principal Research Engineer,

(2002. 9. - 2005. 8.)

v" University of Michigan, Ann Arbor,

v' USA Visiting Scholar, (2012. 3. - 2013. 2.)

v" School of Electrical Eng., Kookmin Univ.,
Professor (2005. 9. ~)

Prof. Sung-Jin Choi, Ph.D.

v Chung-Ang University, BSEE, (2007. 2.)

v KAIST, MSEE, (2008. 8.)

v' KAIST, Ph.D.EE, (2012. 2.)

v ETRI: Electronics and Telecommunications
Research Institute, Assistant researcher
(2009. 1 ~2011. 1)

v" University of California, Berkeley (PI: Prof.
Jeffrey Bokor), Postdoctoral researcher
(2011.12~2013.2)

v" School of Electrical Eng., Kookmin Univ.,
Associate Professor (2013. 2. ~)

Prof. Jong-Ho Bae, Ph.D.

v" Pohang University of Science and
Technology, BSEE, (2011. 2.)

v' Seoul National University, Ph.D.EE,
(2018.2.)

v' Inter-university Semiconductor Research
Center in Seoul National University, Assistant
researcher, (2018. 3. - 2019. 7.)

v" University of California, Berkeley (PI: Prof.
Sayeef Salahuddin), Postdoctoral researcher
(2019. 7 ~ 2020. 7)

v" School of Electrical Eng., Kookmin Univ.,
Assistant Professor (2020. 9. ~)
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Industry-University Co-op Project
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Research Environment
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Research Field of S!LK

CMOS device and integrated circuits Emerging materials-based electronics Hybrid device-based circadian
ICT research center

Oxide materials-based electronics
(Display)
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[ —

' | mm o
[ il

o ot
ca

Mz/tx/E8 A/MEHSE) > =4/2E2Z
EX S& 712 A+ - XMt HIZEl/25 BN, MM, C|2FE[0], 10T 7|17] &
= |

Intelligent Semiconductor Devices & Integrated Circuits Lab @ KMU



Research Direction of S!LK

0y

/ Device
TFT SiNW FET Characterization

& Simulation

MOSFET ]
Devices

Diode

Resistor

CNT

I1I-V Materials

Inverter

InGaznO Logic Gate

Amplifier Clreults

Tech.

Demand Neuromorphic Current Mirror

Sensor

CircadianA —
icati
Rhythm PP Memory Application

Transient Electronics
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Device Fabrication
Device/CMOS Circuit Design & Fabrication, Process Design

> Fabrication Process Design (3’8 A A|/H| %) » GAAFET (NNFCO)
'New Device' —CMOS Circuit Comtegratlon \

A

Poly-Si
SiaNg E Si0, %

Si substrate

B |
Si substrate
e ’
SisNs spacer ‘h ‘ Floatmg -fin body Bulk fin body
e / m m
Si substrate
wfo SlOz wl S|02 50“‘“"“ “"’ <« 250m | m

: 3 St » Si CMOS Circuits for AI (ISRC)
o srgpon” (Processing-In-Memory, PIM)

Si substrate

l I MSy apse
'''' Tt T Integratlon and reset

Voltage (V) Veltage (V) Voltage (V] vomage (V)
E558 4ibesun SREE0 ssbian
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Device Fabrication in K-Fab.
(Display, Memory)

» IGZO TFT Fabrication > ReRAM, Memristor Array Fabrication

* Fabrication Process of InGaZnO TFT < Pd/NIGZOIPd, Mo/IGZO/Pd
Buffer layer = Si0, (300 nm) oxidation wafer

sio, i B 4 = Bottom electrode deposition “

Top electrode(E) Top electrade(T0) Tap electrode(IE)

— E-beam evaporator(Ti : 2nm , Pd : 40 nm)

Current [A]

Gate

= IGZO deposition

Buffer layer a2 f Sample #1
sio, 50 10 — Sputter(Ar : O, = 3 : 2scom, RF power = 150W, = 60nm) 102k - + .
: .
e * Top electrode deposition Ve V]
e insul T
Gate — E-beam evaporator(Ti : 2nm, Pd : 40 nm) : Sample #1 Sample il Sampls #2 s"“"‘%%? 10° Reset - Set
T —» E-beam evaparator(Ti : 2nm, Mo : 40 nm) : Sample #2 _ Z
< 0°
= 10
. [ — Bomtom secaodeR -
< Pd/IGZOIp-type silicon £ o
o

1T Ves=1,2,3,4,5,6V = Si0, (300 nm) oxidation wafer arpere 1

WL = 1007100 (umium) = Bottom electrode deposition R s
— E-beam evaporator(Ti : 2nm , Si : 40 nm) Vvs [\l
= Annealing Resel T5et
—+ Oven(120°, 15min) 31 A

* IGZO deposition

— Sputter(Ar : O, = 3 : 2sccm, RF power = 150W, = 60nm)
* Top electrode deposition

— E-beam evaporator(Ti : 2nm, Pd : 40 nm)

Active layer
‘Gats insalatcy

Gate
Buffer layer

sio, s

;
Ve V]

Ves [V Vos [V . .
> 1T1M(1Transistor 1IMemristor) Fabrication » IGZO TFT with Top Gate Self Aligned Coplanar
Structure Fabrication.

Actho laar
Gate insulstor
Gk

Buffer layer [IGZO TFT]

5i0;

77200
PlasmaPro 80 RIE 71004 o
[ ] 300F /gazem

- ° Y )
Source Drain X PR

o
646018

o 'E ? 6.33e17
$i0,(150 nm) - Etching Rate : 54.7 nm / min ' : % 1w

Source Gate: insulstor oraln
Gate

Bufer layer (Pd 30nm,

S0, |

acielager ed] — Channel T

e Drain 8 p switching layer depasition | Si0, / p* Si wafer 1890.0_0_0
Gate afte y pattermning .

Buffer layer (IGZ0 100 nm, sputter, Ar:O, = 3:2

9 231015
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Device Modeling and Characterization

(Analysis on Generic Devices—Memory, Logic Tr., Display Tr., etc.)

¢ Modeling and Characterization of CMOS
device using opto-electronic characteristics.

» Characterization of Grain Boundary Trap

Con

(o]
Drain

Bottom Oxide (Si0;)

Bottom Oxide (SiO;)

» Modeling of photonic response in MOSFETs

il
1
(a) o (b) (©)
Photo-generated ° Photo-generated
electro electron
Phom-ge‘ne‘l"ated Photo-generated
L]
hole hole
Photon
(EpEy) B. E. Photon ... E.
—_— r g - lf_lh E) a ¢
e
— | ¥
— ', —_—
Ipcy
——— B — o
Ipve 560 VT  —]
Ly —_ Ec-Ey, @
p-Substrate | - I'as0
—e— Photo-generated electron drifted-out
-s Photo-generated hole accumulated Gate . .o Substrate Cate ) 4o Substrate

» Extraction of trap in MOS structure

(a)

technique

~
Cg.sp

—— Photo state

—— Dark state
Y

030 015 000
vVl

2 Toen  vas

» Extraction of trap using opto-electronic

Ec-Egn()

a-InGaZn0O

Subgap DOS filled by electron
@ Electron at conduction band
O Photo-induced empty state
@ Photo-induced electron
O Electron filled in photo-responsive

range (Ec-Epn<E<FEF)
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Device Modeling and Characterization
(Analysis on Display Devices)

T =

O
N e-trapping
Z Donor-like A4
- state ]
E generation E
]
'
- >

0.05 0.286
Electric field [MV/cm]

e-trapping
VDD VosVos (a)[VesVos (b)f Vos/Vos (<) (|EGZ°|~0286 MVIcm)
. . =10 V10V =10 vi20 v = ]
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VeelVig (df Ves/Vos (e} VeeVos (f)
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Ve |/
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Ororrrolirorr—rolR soert?
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Data line

=>» Transparent/Flexible Display: Instability under OLED operation
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Logic: Gate-All-Around Si Nanosheet MOSFETs

Nanosheet SONOS

N nam)sheet memo

o

II1. SiO, removal

V.BOX etching and VI. Gate oxidation VILI. Poly-Si gate

channel suspension deposition
. Green (E,, = 2.3 eV)

-4| GAA SiNS MOSFET
(WL, = 441160 nm é é § é
. )

[ 95 mV/dec

‘ 76 mV/dec
— Dark
V=05 V Photo

A 0 1
V.. (V)

_ Cphoto (VGS)
Cox

v, (Ves +AVes ) d Am ( Vg )

_ | dy,

m — My, = Am (VG )

photo
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Memory: DRAM Cell TR, Peri TR

* Comprehensive analysis of DRAM at cryogenic temperature

Measured Simulated 4/ @ i (N © I o I f

[ ] AVT,Hit AVT Nit lj S | electron

WAV o AV, o ’.‘" 1 L Si ; Si Si

I I ) T 1 trg p-:e:- {
. I ) eldctrons ) N;; generation
:' (b) p-type [VIRSINELD Metal | 5i0, | Metal| 5102
i — gate | loeed gate gate oeeeloeeo
i = ] _ trapped ___|
i § hole88 88 hples 80
0 I, 1m | m % <
77 160 230 300 370440 ﬁ 0 10 20 e
Te mpera ture (K) X or Y-direction (nm) injection
- Fowler-Nordheim Stress degration fo Buried-Channel-Array Transistors in DRAM Cell
Ve << V7
Q Vaccum chamber probe Station & Liquid Nitrogen
Via 0.5 Stress =-3.7 [V] Recovery = 0[V] Gate : .

—a— 77K

150K Gate Insulator 1

04r 230K

- gy —a— 300K
E Z, 0.3+ —— 370K

3

0N Hz
Hz H, H diffusion

= H H H H H
> 02 ’ T
Vi —Vow 2 SiSi Si Si S
0.1 hole in the channel
0.0r

0 1000 200(.) 3000 4000 5000 6000 n-type substrate
Time [s] —

=Si—-H+h" >=Sie+H"

- Investigation of dynamic negative bias temperature instability DRAM peri transistors
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Memory: 3D NAND Flash Memory

* Comprehensive analysis of fast charge loss resulting from short time retention

dr— EV PV1 PV2 PV3ee
B Retention errors €#---+*

] 1 Mobile Internet
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Memory: Emerging Memory
Phase-Chage RAM

RESET pulse

Selector
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Application

Smart loT Devices & System
loT Edge Devices + Al Processing > Cognition and Response

PIM (CPU + Mem.)
ADLE MIA Dm""w’lg;gfy“ HIE K| AX} 7|&
#I0|Z, Hio| 2, &2h =M /% =sh

PIM (H| 22| L 4 (H22|/H|H22|/C|AZ0])
XAl BHeA|
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FET-Based Chemical / Bio Sensors

Gas Sensor Bio, pH Sensors & Circuitry

ANO2 Temp. = 150 °C|
=20 ppm V_ =-5V]|

30 60 90 120
Time (x100 sec)

'p‘ ¢«* Hydrogen gas (H,)
‘iﬁ ‘9.0 Nitrogen dioxide gas (NO,)
o < gpee 2.5 pm
% ¢ S el >
e Ce e NN
Semiconducting
SWNT 90%’
SiOZ 15 nm " X ‘_ -V LS XELTEE '.7 ensin i
Al,0,20 nm . / AR A T
p*doped substrate A == : x> . %“s'?ﬂ\% e
‘ 7 ﬁEnMDSFET:
=0 e il
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Sensor: Strain / Pressure Sensors

CNT-PDMS strain sensor
based on semiconducting SWNTs

Transparent & Flexible

Semiconducting
SWNT 90% -

» e e
CNT networks

_1pm

LN
Y X R

0 20 40 60
Strain (%)

Fabrication process

. e
CNT solution %
7~ Air spray

/ = ,\;\
» ‘H\ Ny

PDMS substrate UV O, tregtment Poly-L-lysine  CNT deposition
(90% semi. CNTSs)

S6mm.,
Lo 8mmIL’§'HWU’:‘E
B/ Z=w) / / j ]
Cover PDMS CNT-PDMS  Transparent Tensile
composite Strain Sensor equipment

(Stretching/releasing)

3D-printed pressure sensor
with porous dielectric

» ;
—__~Conductive

’ -580 = 0.591 kPa-

0.0 035
Pressure (kP

0 10 20 30 <Measurement setup>
Pressure (kPa)
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Neuromorphic System (Intelligent Semicon.)

Tactile Sensor System with sensory neurons and perceptual synaptic network

12+
Brain a 5 E 10l pressure ¥) resistance release
v
Synaptic Network & a]
—— e A, \E, 8F release
7 S
Q
\"‘o £ 6r release
Mechanoreceptor E 1] v
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meta N 2F N . f A f . \
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o
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I (A)

I (A)

Intelligent Semico

Processing-In-Memory (PIM, Int. Semicon.

FLASH Memory Array for PIM

FLASH Statistical Analy5|s

Type 1 variation
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Operating Principle (Architecture Design)

Array Architecture Design for PIM
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uctor Devices & Integrated Circuits Lab
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Circadian Rhythm-Based Wearable Healthcare

Leaky Integrate & Fire Neuron Circuit for Circadian Rhythm Diagnosis
Measuring HRV

== : Strong Red _
== : \Neak Blue
N OFF L ‘

Measuring EEG

Io [A]

P L, g

InGazZznO +
Transistor Threshold
Cex_ — Switch vOUt

Optical synapse m -

Spiking numbers with RGB light
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