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Figure 5. Comparison of simulated and measured data for (@)
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Figure 9. Conductance update profile during 100 current pulses under
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Figure 13. Update profile of (a)SOC and (b)conductance while
sweeping channel thickness within 5% variation, where default
thickness(X1.00) of channel is 120nm. Current pulses of 350nA and 2s
for 100 potentiation/100 depression have been applied.

Figure 14. Update profile of (a)SOC and (b)conductance while
sweeping electrolyte thickness within 5% wvariation, where default
thickness(X1.00) of electrolyte is 400nm. Current pulses of 350nA and
2s for 100 potentiation/100 depression have been applied.
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Figure 20. Simulated relative capacity fades over time due to the SEI layer
forming reaction. OCP was applied to the device during 1280s.



Figure 21. Relative capacity fades over time due to the SEI layer
forming reaction. OCP was applied to the device during 1280s.
(a)Simulated data and comparison with calculated data through
mathematical modelling. (b)Relative capacity fade over longer time of
2Ms, calculated through mathematical modelling.

Figure 22. Simulated loss of SOC and relative SOC over time due to
the SEI layer forming reaction. OCP was applied to the device during
10ks.

Figure 23. Isg, kinetics for SEI forming reaction, and I rc, charge
transfer current at electrolyte/cathode interface are compared. Fitting
parameter s, defined as the fraction between Isgr and Iii gc remains
constant after initial deviation.

Figure 24. SOC and relative SOC over time due to the SEI layer forming
reaction. OCP was applied to the device during 100ks. (a)Simulated
data and comparison with calculated data through mathematical
modelling. (b)Relative capacity fade over longer time of 2Ms,
calculated through mathematical modelling.

Figure 25. Cycle endurance during 100 cycles. 10 Voltage pulses of
75mV, 2ds are applied for each potentiation/depression per 1 cycle.
(a)Capacity fade due to SEI layer formation. (b)SOC update profile

during simulation, and (c)SOC update profile with enlarged y-axis.
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COMSOL Multiphysics X Egofo] R®EGs7] QalX= oS
FetA o7 7|4 Aol vt o] Z}Zb ted(Tertiary current
distribution, Nernst—Planck), tds(transport of diluted physics),
ec(electric currents) physicsE® AF&3ste] #gEeH, 7|&d

71550 gt A& Table 19 &<ksto] 4]k},

Symbol Description Dimension
lloc Local current density A/m?
i0 Exchange current density A/m?
Ola Charge transfer coefficient of anodic reaction 1

Charge transfer coefficient of cathodic

o _ 1
reaction

F Faraday constant C/mol

7 Overpotential \%

R Gas constant J/mol-K

Electrolyte dissociation—recombination
Rj mol/m®s
reaction rate

T Temperature K
k Boltzmann constant m? kg/s® K
e Elementary charge C




mol/m?

Ci Concentration of species i

Ci,max Maximum concentration of species i mol/m?®

Ci,min Minimum concentration of species i mol/m®

Ciinit Initial concentration of species i mol/m®

Total concentration of Li atoms in LiPON

co . mol/m®
matrix

5 Fraction of free Li ions in electrolyte at

equilibrium state !
Dissociation rate constant for ionic generation

kd _ 1/s
reaction

kr Rate constant for recombination reaction m3/mol-s

Ect charge transfer potential %

Eeq Equilibrium potential \Y%

D s,ext Electrode potential A%
(03 Electrolyte potential %
(03 Electrolyte potential %
iot Total current density A/m?
fct Current density of charge transfer reaction A/m?
1dl Current density of double layer A/m?
qdi Charge accumulated in double layer C
ndi Overpotential along double layer \%

Local current density corresponding to a 1C
Lic A/m?
discharging rate

Ji(x) Flux of species j at distance x mol/s-m?
Dj Diffusion coefficient of species j m?/s
S Valence of species j 1

v(x) Flow velocity m/s

E(x) Electric field \%

H Dimensionless anode volume expansion factor 1
J Dimensionless exchange current density 1
8 M ET



f Lumped nondimensional parameter 1/s
QsEl Local accumulated charge in SEI layer C
VY SEI Reaction coefficient of the SEI species 1

Number of electrons involved in the SEI
" forming reaction !
Ay Electrode surface area 1/m
Mp Molar weight of SEI product g/mol
op Density of the SEI product g/m°
K Conductivity of SEI film S/m
Srilm SEI film thickness m
Srilm, 0 Initial SET film thickness m
T Tortuosity 1
€ Volume fraction (porosity) 1

Table 1. Symbols and their descriptions used in equations for FEM simulation
model of electrochemical synaptic transistor.
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Gate (Li,Si) 50nm

Figure 1. (a)Schematic of Li-ion based all-solid-state electrochemical
synaptic transistor. Schematic of (b)1-dimensional and (c)2-dimensional
FEM simulation model.
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LiCoO, I:—i Liy_,Co0, + xLi* + xe™ (15)
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22 22 A AolE A= AsA Afo] AWo|A= ol#lel As}h
Ad ghgo] dojdrt dld sk A whE-9] kinetics AMdE A5

A Afo] At kAR WEL- B 42 F mAYH AT

Li & Lit+e” (21)

Si+ xLi < Li,Si (22)

F7tE, A71EE A¥Ae] AolE A= A Alo] AWeA =
< T 47 A 243 vy MAES A 1A
Hk-8-(parasitic reaction)©] dojt}. (Figure 2) ol= 7] o]Fdha}
v R st AY whgeo] ARgEojol & olRS AR ARG,
oje} T2 FAtEo]l Ao Awe] SEI layer7t FAHW Aol
A4 AAE dF 22T FX Ak [67, 58, 60] o]¢} &2 &=
COMSOL multiphysics®] tcd physics W] Electrode Reaction =%

s Ragsiion, o AES wEn[60]

S+ Lit+e” - Pgg (23)
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Tl (24)

I = — (1+ H
SEI ( ) exp (C”ISEIF) Qseif]
RT Lic
dcsgy _ _USEIiSEI (25)
ot nF
CsgrMp (26)

Sritm = A + Sritm,0

54 (2309 WA pol AaAe Solvent(S)$ @ o] Lol wip
AHE (Psp) & B8, il §H-52 9 HheE5E= 24 24)EF F3
#

o agar A (25), (2605 wEf Isp gkl wlEEs =

o] & 2 (24)9 H, f, J= ZZ fitting parameter® ©°]% F7}
ATE B3 ;=S et ek glor, A 2 AFAAE
AATe A= 9 Asjd =45 mE=s o=z AFgskliv. [60]

°] &, H Volume Expansion Factor®, Al°|E A= U g Fo]
2 W, Fu7F B3] wet SEI layer A Hbgo] 7M&53tE =
aYE Htgdsth AolE A= 242 AFEE LiSis A= dl gE2

ol wek Furh diEr Aol 4uizbA] S7FekAl ®uh[51] AlolE

MAA HH AolE A= &4o] SEI layerel =hs|x ¢kal s

SO E AHESE graphited] A9 ZE ol wE FH7 o] wA
upe} vAEg A o7 wel F7skA  (Figure 4a), 2 dAgoM 3o
& A APAR o7 ZItsth (Figure 4b). waba, He
18 2] -I“F, T



W

B AFlME A5E Agsgor, Ukel $34 FTFo=
Wz 1} 7}= depression &AM wE 0O 2
J+= Z}7Z} frequency parameter, non—dimensional exchange current@®,

217} obg) 4% weh g ol

3 VIZ
= e(1 — &)cDFA? 2D
=2k (28)
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+

intercalation new SEI
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e e

Figure 2. Schematic figure of SEI forming reaction. The desired electrochemical
reaction at the electrolyte/anode interface is the intercalation of lithium ions,
but lithium ions can also react with electrolyte components to form solid-
electrolyte interphase.
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electrode
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_—
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pars Expanded electrode particle Expanded electrode particle

Figure 3. Effect of volume expansion of electrode on SEI forming reaction. A
portion of SEI layer is cracked during lithiation, and then SEI forming reaction
is accelerated through new host active particle material exposed to electrolyte
solvent.[2]
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Figure 4. Volume expansion with regard to Li composition of (a)graphite
electrode[1], and (b)Si electrode[3]
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2—-3. 271 4 ¢7] &
2-3-1. 7] &

A7)188F A|AA A 7] RS AR HA

rir

Aqg A

i

=238 7tsstth AF H2A2 H$ ted physics We electrode current

node?} electric ground =EE& %3 FHI}FoH, LA A

o

s g Fa, AolE A ARES " FHEE e A%

HA9 A9 tcd physics WY electric potential x=E9} electric

Bel AatE wsto] 7hskgie. ol
W, aAkel HY Al A AT e PE xAel v geHy)
el w Al B AHE AR AXNS Theks 3o
ool AAl aAfelM = ol BrbedtEE 27 $EE

B A Fy AR gt 7hskeitth

2—-3-2. 971 =3

2171 529 A% ec physics ¢ ground =29} electric potential
REE T sl =l Ass asER a4 A5
et bias(0.175V)E  7teton, A Al EyEob

AFUEE  Awsty, 7HElls  bias®Z UHFOEHN AYEA=E
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vtepul el o] ghe

Table 2 o

2.oFsto}

Aelstdnt. 9AE @ES 7 sehlEe JE gom Agagon,
MEE Qs A9 7k ARl mhz gl

Parameter Description Value unit
CHCO: max Maximum Li concentration in LCO 23500 mol/m?3
C(-CO min Minimum Li concentration in LCO 10105  mol/m?3
ch max Maximum Li concentration in Si 3060000 mol/m3
c > min Minimum Li concentration in Si 0 mol/m?3
CLio-PON Initial Li concentration in LiPON 30500 mol/m3

Dy-c0 Diffusion constant of Li in LCO 2x10-14 m?/s

D Diffusion constant of Li in Si 4x1018 m?/s

Dy HPON Diffusion constant of Li in LIiPON 1x10715 m?/s

Dy Diffusion constant of electrons in LiPON 5x10°1% m?/s

Dy -c0 Diffusion constant of Li in LCO 2x1014 m?/s
F Faraday’'s Constant 9648533  A/mol

A Cross-sectional area 600000 um?

Fraction of free Li ions in electrolyte at
o) 0.18 1
equilibrium state
T Temperature 298 K

R Gas constant 8.314 J/molK

Table 2. Parameters and their values used in FEM simulation.
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3. 4% 3l E9
3-1. ZA 2& 4 Heolgge vu

COMSOL multiphysicsE &3l &g o] Ao} A¥A Azt
zddge  AgxE Hrikskzl g8, AA AAE ¥
AAT[1911M 2] =4 deleset ojxkd AlEdold  HolEE
Hlwstt}, AF HAE E3] H WHO potentiation¥} depressions

] A& AE vs AEE dHolHE vlwskglor, o]& Figure 59
urebdllch 227] FAbellAl A Haf 350nARE 224 FoRom, HA

Ao FA MR 23M F

2

Aok o7l Rl A=
At

Figure 5aclA 21 = glol, AAl 249 A9 dHolHE =2

Zedl A= Abel 0.175Ve] Aok 7hal Ao AgdA

i
4o

degrz AR §= 9l9lew, Figure 5bolA ZF Hawirhe] AYdA

Aol E & FAE e 5 Qlvh. dAH oz AlFHelAd dHolHrt

A7HA = wbgdskA X FANE AAH ez HA 11999

oM FE, Hd 1.00W¢] =74 2 dd=R2 SA4dolHE

BARS & Qlgloh s, A4 Ao Read w4ol wE dF ERE
ofr g}, 227] F&o| WE HAFE o] ¢8|, Aol wWE HYH A9
M Z#Z (Figure 5a)ellAl 7zt HA7F Fod o mity UdA[Ho=
A7t S3hshes Y Avdoz nddsglnt
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Figure 5. Comparison of simulated and measured data for (a) conductance, Gsp(t)
and (b) change in conductance per pulse, during current pulse update of LISTA
device
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3-2. &2 A¥A B7}

3—-2-1. 94 37 4 Aolo| @& 715X dU°lE

B e A WA axpel 2o Ad/ole olF 7]
Wzeel 44 % shbs Ast 94 (charge neutrality) & 7|Wo2
At Bate Ao de Bd 2zt EAS Fws 23T S
gt Zolth. AR FxeMe A, sEAE AR "2 Zolg
2719 Fel siFatis Askrt olFatv], wekd d7|sksr Al 249
12 wgleke JlelAe B9 27]9)
Zolo] me#lgtt. B Zojgh WA AYE wpFe] b ARE
FAA 7|, o9k gL 2ak B4l ozl AlEdolMeld %
UehtbeA] geldnt, Wska 7l et e ] ghel sl Table 3ol
deletel  urbded, o % olFm  A#AEA(Double layer

capacitance) o] thallA+= 3—-2—204 HT} ZAE] =23t}

2
ifin)
=
AC)
o
o
o
off
kit
Ne,
)
i)
rW‘

Parameter Description Value unit
pW Pulse width 2E-1 2B-2 2E-3 S
2E-4 2E-5 2E-6
lgs Pulse amplitude 50 200 350 500 nA
Cal Double layer capacitance 0.005 0.02 0.05 F/m?

0.2 05

Table 3. Values of swept parameter during linearity test simulation.
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Figure 6. (a) Pulse width and (b) pulse amplitude dependence of the change
of normalized Li composition in LCO. Double layer capacitance is varied
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. ¢ Cdi= 0.02F/m?
-0 T O Cdi= 0.05F/m?
'g Cdl= 0.2F/m?
4 Cdi= 0.5F/m?
-10 5
@ )
1 -2k
2 -10 Pe
r)
0L
10 Py
&
102
-10* ’ ‘ ' ' '
2e-6 2e-5 2e-4 2e-3 2e-2 2e-1 2
Pulse Width [s]
b 0
Q. O CdI=0.005F/m?
N ¢ cdi= 0.02F/m?
05 ~ O Cdi= 0.05F/m?
S ¢ Cdl= 0.2F/m?
] e Cdi= 0.5F/m?
n .
= 45 E
O] e
q ~,
-2 - N
¢
25}
3 . . . !
50 200 350 500

Pulse Ampitude [nA]

Figure 7. (a) Pulse width and (b) pulse amplitude dependence of the change
of conductance states of LCO. Double layer capacitance is varied during
simulation.
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HA ol A7]o mE A4 F Ald AT d BE % fUHolE
F(Figure 6)¥, AYHA HJUo|E <k (Figure 7) EF A3t nvie)
2ol Mg ARl vy #AAE YEES AT 5 vk o] w, Figure 6 ¢

y % oz YW X = normalized SOC %, #2 30 =3

otk ZF =z AZAdS okl 4 B3-S wEk FuEES
0.05F/m? @] Cq 3t 71522, Figure 6a ¢} Figure 6b = 7}7} 8.70 7}
10.73, 18] 1. Figure 7a 9} Figure 7b &= Z+7z} 2.55, 1.45 & Ryt

T2 (31)9 rsq & A¥ 39 REoAM9 AAASG (R—Squared) &

CLi

S0C = (29)
CLi,max
X[%] = CLi — CLiymin % 100 (30)
Crimax — CLimin
Linearity = —log (1 —rsq) (31)

Kol olfr= LCO AME =49 2§ XAl we Agds A7}
glElA Medow udsiAE 97 wiolth old wel MY u
g5 55 ¢V &S T AYRs gom wsd oFztko]

R Aol F7ks Aotk W2 F7]e) e elEgnh Ba ol

Qe oEAel mrh BAEA R Uehg ol ol sl AW AT
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delfjd Afo]l ARl A7) o]FH wjEow olsfd 4 3lom, 3-2-

2 oA Kt} 2ZpA|S] =2 gt

3-2-2. ¥ Aol wE &2 AFA B}

Ca #b= WA A7 A2 Aolo] wet 100 W] AF HAE F
Ado]ES SOC £ Figure 8 o, 281 AYHAE Figure 9 ¢
wake] YERTE AREA R 2ms oo A Zolo] disid -8k
il 3} 1o (Figure 8a—d, Figure 9a—d), H3%+

»/_"\4
W Abolw bbb ghth b, 2ms Rt}

o Al gl olFur AFAIE A el W 2 gl ApolE
gHelek 4= 9l o (Figure 8e—g, Figure 9e—g), 53] o|FH AHIAIRIA
gtol 7S v AP A JuolE o] vERbE A S Rl
T St

A Holo] wE AY®EA JUolE HEFAYE Figure 10a  ©f

EAEEAY. A g2, A Aolrt 2ms oo TR A el

=

| %= 200ms, 20ms, 2ms & wjo] Bl v]AlsA AYHERZA gl
a3 Z21s Fdd S =4 (Figure 10a), o]&d A2 HA ol
& SOC fHlolE A= ##HA =t (Figure 10b) °]&
Ad d=5o8 ARESH LCO o AY®XA7E SOC o ¢¥s] Agxeow
vl et &= k7] wiitolth. (Figure 11)

Figure 8, Figure 9 7183 Figure 10 9 dHlo]g+= SOC & %7] <

0.559 = AAst Ao, 2s ¢ HA 7]+ 100 319 A F<F SOC
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Figure 8. SOC update profile during 100 current pulses under various pulse
widths and double layer capacitances. Pulse widths during simulation are (a)
2s, (b) 200ms, (c) 20ms, (d) 2ms, (e) 200ps, (f) 20pus, and (g) 2ps.
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Figure 9. Conductance update profile during 100 current pulses under various
pulse widths and double layer capacitances. Pulse widths during simulation
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Figure 10. Write linearity over pulse width under various double layer
capacitances calculated for (a) conductance and (b) SOC. 100 current pulses
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Figure 11. Conductance over SOC calculated through 2D simulation. Update
linearity can vary according to device operation range.

Initial SOC Operation range Write Linearity
0.434 0.434 ~ 0.532 0.974
0.559 0.559 ~ 0.657 0.998
0.701 0.701 ~ 0.798 0.955

Table 4. Conductance write linearity during 100 current pulses obtained from
various operation range. Pulse width is 2s and double layer capacitance is
0.5F/m?.
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AYAT[19] oA AAFe] AlolE d=Fo2 AFE%E Si 2 e—beam
evaporation < EaA, 28 AE A=y AfEdzE AFEE LCO 9
LiPON €] 7% radio frequency magnetron sputter & %3] =X 5%t}

o] ZF, Heldy ApE EAS ZE3F sputter 9 AG, A&dstuw
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i_r"
ol
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ful
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Figure 13. Update profile of (@)SOC and (b)conductance while sweeping
channel thickness within 5% variation, where default thickness(X1.00) of
channel is 120nm. Current pulses of 350nA and 2s for 100 potentiation/100
depression have been applied.
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Figure 14. Update profile of (a)SOC and (b)conductance while sweeping
electrolyte thickness within 5% variation, where default thickness(X1.00) of

electrolyte is 400nm. Current pulses of 350nA and 2s for 100
potentiation/100 depression have been applied.
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SputterE F3l =X Aafdy pd I A%,

#d AAY] olsre vk Aol 200nme] LiCoO: 5= RF

magnetron  sputter® =3 EX3S  w, Sputtering gas

pressure (3mtorr~18mtorr)°o] w2}  4~20nme AL H
A& 7] (root—mean—square roughness, Rims) & 7F8 0] A=t} [73]

A B ARV @ A B2)F F& At

1 L
Ryms = Zf r2(x)dx (32)
0

o] W, L & 73+ o], r(x)+= 4 77 X9 &9 Folot}, ol
dtgstz] g8l Ad A= 999 fotdll AAAAE sine wave =
Tds e (Fig. 15), — %}01 AAFel AAE W= HAS 9

AL obelg gol swkatA AT ek

1
Ryms = 5 x amplitude (33)

Rims 8% 4~20nm WA 7HAE2 sine wave o F7]18F 2Z 31
apre)Zke Algelol skt RgAIZL dhebulE o] g3 table 5 ©f
Qokste] AEsdtt. 22 sine wave Tl AF & WA
35-9F, &2 sine wave Fol dis] F71E WMSAZL Aol B

A FZ2E 2+ Figure 17a 9 Figure 17b o] =43}t

N
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Sine wave 9] 718} 21Z-& ®EA7]H, 200ms & A7 FAE F3l
potentiation ¥} depression & 10 WA HEEFE= Fok 4
conductance & Figure 18 ¢, Z18]32 SOC & Figure 19 o e
22 sine wave T71(0.5xm)olA Rems k0] AASFE, 5 WO
TEO] AAFHE sl AYYHA gho] oA = AL el 4

o™ (Fig. 18a), Tt & Rums &kl W&l sine wave & F7]7}

o
=
3
31:1
:>;1__:‘1
iy
=
ik
o
off
Fr

+ sine wave 9 Rims 23 F7]9]
HAGlel dulolE fdo]l dAgstAl Uebstth(Figure 19). o]+ %W
=Zaof A glo] Ald 99e F FIrt dAsr] wEolw, Table 5 ¢

HEY F7] 21 E0A sine wave & AEFe] 0 4S5 F3l oldlEd

AT

Ad W 2lE sk gy dYda gro]l g ot gE=A ¢sl=
o= 8ol Tt weEh Ad W dF BEVF SFEAL, £A
A=t =]l A= Abolo] A olF A7t dojx7] fEo R olsed

Period [ #m] Amplitude [nm] Rrms [nm]

1 2/3 1/2 5.657 16.971 28.285 412 20

Table 5. Values of swept parameter during surface roughness test simulation.

41 "-:l:" I "Nl-.|- 1_-li [£ 5



Channel(LCO)

m-#_x&_

Electrolyte(LiPON)

Gate(Si)

Figure 15. Schematic of 2-dimensional LISTA device. Surfaces of sputtered
LiPON electrolyte and LCO channel electrodes are modelled with curvy sine
wave.
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Figure 16. Electric current density along horizontal x direction[A/m?].
Current preferentially flows through the shortest path between source and
drain electrode. Period is 2/3pum and Rems is 20nm.
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Figure 17. Schematic of 2-dimensional LISTA device with various surface
roughness conditions. (a)Rmms is varied with period of 1/2pum. (b)Period is
varied with Rims of 12nm.

o gAEYsE

SECHRIL hATIOMAL LIMIVERSTY



214}

Conductance [pS)
N h o )
3 8 2 8

n
2

202

Time [s]

b 216

Conductance [pS]
h
=

211p

Period = 1ym |
Period = 2/3um
Period = 1/2um

Figure 18. Conductance update during 10 potentiation/10 depression current
pulses of 200ms. (a)Rrms is varied while period=0.5pm and (b)period is varied

while Rrms = 12nm.
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Figure 20. Simulated relative capacity fades over time due to the SEI layer
forming reaction. OCP was applied to the device during 1280s.
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Figure 21. Relative capacity fades over time due to the SEI layer forming
reaction. OCP was applied to the device during 1280s. (a)Simulated data and
comparison with calculated data through mathematical modelling. (b)Relative

capacity fade over longer time of 2Ms, calculated through mathematical
modelling.
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Figure 22. Simulated loss of SOC and relative SOC over time due to the SEI
layer forming reaction. OCP was applied to the device during 10ks
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Figure 23. Isg, kinetics for SEI forming reaction, and Ii; gc, charge transfer
current at electrolyte/cathode interface are compared. Fitting parameter s,
defined as the fraction between Isgr and Ii;, sc remains constant after initial
deviation.
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Figure 24. SOC and relative SOC over time due to the SEI layer forming
reaction. OCP was applied to the device during 100ks. (a)Simulated data and
comparison with calculated data through mathematical modelling. (b)Relative
capacity fade over longer time of 2Ms, calculated through mathematical
modelling.
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Figure 25. Cycle endurance during 100 cycles. 10 Voltage pulses of 75mV
and 2ds are applied for each potentiation/depression per 1 cycle. (a)Capacity
fade due to SEI layer formation. (b)SOC update profile during simulation, and
(c)SOC update profile with enlarged y—axis.
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Abstract

FEM analysis for Synaptic
Characteristics of Li—ion—based
Electrochemical Random Access

Memory

Jinha Choi

Material Science and Engineering
The Graduate School

Seoul National University

A lithium—ion—based electrochemical random access memory with
excellent synaptic update characteristics and extremely low power
consumption has been proposed as a candidate for implementing
neuromorphic computing. However, there 1is still lack of
understanding of the device interfaces, and discussion regarding the
linearity depending on pulse length, device variance, reliability, and
cycle endurance. Therefore, in this paper, a two—dimensional finite
element simulation incorporating non—ideality at the interface, such
as electric double layer and SEI layer, was designed to model the
electrochemical random access memory, and various synaptic
characteristics were analyzed.

The impact of pulse width on the device linearity is investigated,
revealing that update with short pulse widths below 2ms results in

decreased linearity due to current leakage caused by the electric
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double layer effect. Furthermore, it was confirmed that the linearity
also decreases for pulse widths longer than 2ds, indicating that the
operating range of the device should be considered. In addition,
device wvariance occurring at deposition of the materials, like
electrode thickness and surface roughness, was considered and
regarding synaptic update characteristics were examined. In terms
of device reliability evaluation, it was found that during retention and

cycling test the SEI(Solid Electrolyte Interphase) layer forming

reaction leads to a decrease in device capacity and state of the device.

Specifically, for retention, a mathematical relationship of capacity and
lithium concentration over time was derived to evaluate the retention
characteristics for longer time intervals.

In this study, the degradation of synaptic characteristics caused by
various factors was investigated. And it was confirmed that synaptic
characteristics can be improved through adjustment of the device
operation range and operating devices beforehand. To fully utilize and
improve the advantages of ion—based electrochemical synaptic
devices, this study suggests thorough understanding of the
characteristics at the interface, such as electric double layer and SEI

layer, is required.
Keywords: Neuromorphic computing, Electrochemical Random

Access Memory, Finite Element Method, Linearity, Reliability
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