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Abstract: The electro-thermal erasing (ETE) configuration utilizes Joule heating intentionally generated at word-line (WL). The

elevated temperature by heat physically removes stored electrons permanently within a very short time. Though the ETE

configuration is a promising next generation NAND flash memory candidate, a consideration of power efficiency and erasing

speed with respect to device structure and its scaling has not yet been demonstrated. In this context, based on 3-dimensional (3-

D) thermal simulations, this paper discusses the impact of device structure and scaling on ETE efficiency. The results are used

to produce guidelines for ETEs that will have lower power consumption and faster speed.
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1.ME

SAI T 2], A Q1 8] 2] Bl 22 (non-volatile
memory) % StU2A], FAL HlolE{ & ¥t JA 0 A
Aol d3re Aspstcl 2] o]2|st ZefA|u el &
Ao] 37]=, Alo] ALskAatul AlA & & 7 A -8 9]519, K|
sx08 Zrastn gtk sHAIG £Rte] 27]2 F2417]
= WA oflA, T2 & v (short-channel effect)?} 27}
m] 5HA| LAY SHA| Tk [1-3]. o] of], ZefA o 2] 24| <L
A= 2X1Y planar FET9] dEjof|A], FInFET £+ gate-
all-around (GAA) FETSQ} & 3xtY JLx9] Iz X
sfatgict [4-7].
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wza]o] whe &= AARS] AA &Eot Al AR
ol o]2fgh 3t ZAIH =] 2AF2] Hjo]g 7]
(programming) 4 X]--7|(erasing) 4 =& 7Alst= 7
< Uj-% 5835ttt 53], ZPAIH R 241 L5 S84
RQ7] & 27} 27] & BT} oF 100u] o)A we]7]of, A|
£71 £%5 7IAsh= Aol § Alast A= o AR AL Q)
o, ol2igt A|97] {25 7iAdsh7] flsto], band gap
engineered SONOS (BE-SONOS) 7<= [8] 2 high-4
dielectricg #8535t blocking oxide A& & [9], ThaFsH
7|0 FAto] A8 1 9l oL, oA 5] O—E‘.ﬂt'—z‘f.—‘ﬂ A7 °1Ur

ojet Zh2 Mol A, ZIAIH LY AAFY] R|7] &

£ = 7 A5 Ystod, O 11 242 electro-thermal
erasing (ETE) 7]'H{o] 2| Ajzo] A|Qte et [10-15].
o2t ETE 7|2, 7]&9] +a¥dut= 2], 2o &
7HA layoutolut A& W3S @+45HA] =t o
H22]9] 5 schemettZ A8 HATOZH, X|L7]
&% 7WE 7Hs st gty ofelie] 11 1(a)ef Zol, 24
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Fig. 1. (a) Biasing configuration of electro-thermal erasing (ETE) and
(b) operation principle of ETE shown by energy band diagram.

0 2 o] 20]&l At 2] 2] word-line (WL)oj] Q19] A
02 'mA’ 259 ETE AR/ (k) 22157 =W, WL
A @R o2 =2 229 Joule heat?} A3t o],
charge trap layer (CTL)o]] A&¥ & XHelectron) 52,
& || A]F o} && AEj(thermal excitation)”} &]H
A, tunneling oxide ¥ blocking oxide2] ofju{ x| &S
Hojdo] 28l oz AA"c (21 1(b)) [15].

ol2igh ETE 7192, 7]1&9] ZeAIH =] AXtof] A
of, oF 1,0008) o]/ O w2 X|2-7] £ 5 7Hs5H §hh
[14]. SFX]TE, Joule heate} 22 Q1A Q1 WA Z o ©.2]
T stEA o g &8gtth= ETE 7o) 57444,
F7HAQ Ay 29 = 27tsitt. o]of], 7155t tf @
o MY A82 75k ETE 71y 7ol vhlsh, o
2l o177} o] BkA] it o]of] o] A oA, 3D A1 g
o855 &8sto] 3R ZefjAlu L] aAto] ETE 7|58
2 A8 o= 7Est AR A A5 tisto] =2t
th. E35], giBA 3x1Y AXEERQ FinFET SONOSe}
GAAFET SONOSE thAto 2 3D Al&gf|o]/d-S XIsystct,
a1 &9 Alo]d A& vt e, ETE &-&of of
gt =7mst A3 2 0 S 5 4slsh7] o) Wets =0yttt

2. M8 Wy

og

AE Alsgstr] Ysted 3D Ale2o]E 9l COMSOL
MultiphysicsS &85}t LA]A 0 2  Heat Transfer
in Solids 2 &1} Electric Currents 258 ZA|of & &
sto] AlgeoldZ Aledstgon, Algdold ad oA
tf ol 2]t heat flux () 2712 10 W/m Ko 2 7145}
Rk, ste] SONOS EefiAld]2a]e] A(cell)> s5tto]
NMOS EFA|AE 2 1AL =], & dolM= 19 2(a)
ot Z+e FinFET SONOSE 13 2(b)e} & GAAFET
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Fig. 2. Schematic of SONOS FETs for simulations of ETE. Bird’s eye
view of (a) Bulk FinFET SONOS and (b) GAAFET SONOS. Cross-
sectional images of (c¢) FinFET SONOS and (d) GAAFET SONOS.
Cut images along channel direction of (¢) FiInFET SONOS, and (f)
GAAFET SONOS.

SONOSe] ZefjA|u 22| AAHE F+ASHAT. FInFET 2
GAA SONOS9] &g A2|2(Si) 2 o] Fo]A loh,
A2l A2 9 F7(channel Thickness, 7en)et A2 9]
Z(channel Width, W) € 2% 50 nmZ 7519t}
J12jal AXFO] Aol ER AR, 8 nm F/]9] Si0, & o] &
o] Xl blocking oxide, 6 nm F79] SisN,=Z o] Fo] Xl
CTL, 2281 3 nm F49] SiO,& o]F0{ Xl tunneling
oxideE A|Y =5 sttt (2™ 2(c), 2(d)). 23] WL &
Aol EXM =L, Z2]Al2] & (poly-crystalline silicon) 2
g JEH, Alo]E Zol(gate length, Zg)+= 200 nmE
A&ttt Algefoldol &gk AAlsE AR W 30
St A 52 & 10 QoFE]of Qltt. T12jal AX} ¥ 0]
S, WL-E built-in Joule heater 2 A}835t, ETE 7|
2 A 85he ARHS PYsheiTh WLE) 3% 2 9ol 5 mA
O] kres 7oA, thE fFE E 92 0 Ve FAE A
sttt ofofl, WLOlA Zreoll ]2t Joule heat o] LAY
. ol2igh E2 CTL SOl A= = AAE EA
A7 7Hsstes stot. ETE 7|9 A& & BAshe=
Pt 2= Heob= I- 2(e) R 2(f)olA Hol= At

2
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Zol Ade] YL 71F02 254900, 559 &
£ &2 FinFET SONOSet GAAFET SONOS 7F €A
7150l thsto] u] LA shoict.

.47 % 2

I3 3(a), 3(b)= FinFET SONOS®} GAAFET SONOS
SAAIEI A ETE &4 & LAshs 220l o
St AlEold AE BolEH. ETE v &, CTLO A
7 =A™ A= Joule heatol] &J3) == AJEN7E =,
Ad B AolEA=C 2 WEH SHARE, 1 3(c)2t
23 3(d)2 Zol, Lt YHAF StoflA, Joule heat®]

3717} FinFET SONOS9] 7427t GAAFET SONOS &t}
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o 4 9l o]2f&t FinFET SONOS9] W

£ Hles Aldlistez, A= DﬂEEH
Hz35FS XxMsE & olct, O
2o], FinFET SONOSQJ 7L, Agel &1 w0} &K
2 20] x}o|7} 261°Ce} 193°C&, 0.744[2] x}o] 2 Wol 5
Qich. 3}x|9t, GAAFET SONOS9| 7%, g0} 2|1 &
%7} 584°C, &]A &7} 553°C2 & FinFET SONOS &
the 227t Y 2o E, AfE9 2E WA FdsHA
o B oL ebAst e Qitt. &, GAAFET F+&7} FinFET
ZH0 ETE 7|2 A&sh=t ol o Ayt 1295
& 4 et ol2fgt R = Ao 7t B A SH= o] 5=, GAAFET
T29] 4L Adol Y Ho] % Alo]E2 ] o] Qlof
He g 92 wEAZ Z4 271 9l v, FinFET 129

79 Ade] olgfx wo] 7]mo]al= heat sinke} 22| A

Table 1. Device parameters and material properties for SONOS simulations.

Materials Dimensions (nm)  Thermal conductivity, x [W/m?>-K]  Electrical conductivity, ¢ [S/m]

Gate length, Lg Poly-Si 200 31.2 2.57 % 10°

Channel width, Wen . 50

Channel thickness, Tch S 50 140 7.68 107

Blocking oxide Thickness SiO2 8 1.4 1 x 107"

Charge trap layer thickness SisN4 6 3.2 1x10%

Tunneling oxide thickness SiO2 3 1.4 1 %10
Si-Substrate Si 1,000 38 5x107%
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Fig. 3. Simulated heat distribution profile during ETE of (a) FinFET SONOS and (b) GAAFET SONOS. (c-d) Cross-sectional images of data

from Fig. 3(a) and Fig. 3(b), respectively.
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O 2 AZE|o] 9lo], Gof WF&o] o] o2 WAsH| T+
ojct [12].

23 4a)= ETE A& & Q7e]= A=) S7tof st
2% 0] ¥sto] o] FETF Auto|tt. WLOJA| AR &=
B2 ket WL SFHof QI7E] = Ao o= 7JolH
of. 22]3 ol2ist A A 0o] Hel= Ao EAANY] &
2]& &afo] WAgstA] FE S 800°C olshe A|YEE 7t
A1t GAAFETS} FinFET 3:&2] SONOS 2%, WL
oA AW &= A9 F7|7F ZrtEdag, AEe] 2%7t
APPo=r Z71eEE & 4 ot 53], GAAFET %29
4L 1 mWo A&7 21.24°C 2EAMSS BolR
1, FInFET £2% 1 mW A2 Z571d 9.29°C 2242
S Hoxqict webA], GAAFET &7} FInFET 1%
Azo] oF2.3u) A 44 ggo] 25TS AL 5 9
ot 1™ 4(b)= F ARt WLoj| 53t ke s QI7F5HY 2

, gr &8ss 545t 2jmolt}. ojgf, =
St = 2ex 3|1 259 90%0] =E5t3 S WE 7]&
o2 7tRstgct. GAAFET %29 749 23F}erQl
517.5°C7A] =235t=d 9 ns?} 24859 o0, FinFET

~~
2
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O 700 e ®
< _ez®
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R
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739 ¢, L322 =9l 204.5°C7HA] =Esh=0] 6 ns7t
4295 9ct waba], GAAFET 1£%92] 742 1 ns @ 57.5°C
o] 2% 4}50] 71’55, FInFET #+%29] 3¢ 1 ns &
34.05°Co] & A}&o] 7Hsstet. olof, FYUsH 2= ofA
ETE 7|¥S A8ttty 71 off, GAAFET SONOS7}
FinFET SONOSo] 74%0f, of 1.684] ¢ #-& X]-7] &
Lo F{o] 7heEE & 4 Qo

AlE27tA], ETE A& & dAsts 2= U &= FHo|A
FinFET# GAAFET 1A 2 A2 u|n BAMst9ct 51K
ok ol2ight @A EAMu g0, SeAv 2] Aol 27]
£ A (scaling)Al7|= A E3t, twejo] AP g At
Al717] f]5to] BEEA] 12 &]o]of = B0t} W],
4|2 GAAFET 2£%&7} FInFET 12 B} ETE £ A o
S517] shu, &% o] F0j K= AR FHA HA oA
ojL X7t ¢ {e|gK] vlus] & BQ7f 9l-& Aol
olof, & Aol A=, 1™ (5)ef ol L I Won ®I8HE 7]
FOo& AKX FHA0 Oigt Algdo]dE F71E T8t
o, F53tH[ILE ot ONO A5 9] F7= o]}
A5 K185k

(b)
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Fig. 4. (a) Extracted temperature with applied power consumption and (b) time-dependent characteristics of FinFET SONOS and GAAFET

SONOS.

Fig. 5. (a) Schematics for device scaling simulations, (b) LG scaling, and (¢) Wch and Tch scaling.
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33 62 FIinFET 29} GAAFET LR 0|A Lg &40
oist Aid = =oF ZebA|Zto] Tk vl Auto|t}. Lo
200 nmE 7|& 2 & 5o, 160 nm7HA| HAE Z1385tH
A AE 2=5 Zlsit (28 6(a). Lot HaHE ]
2} £7kste WLO| Mgtoz Qlatol, Ajd L& S7tet
Fon, GAAFET SONOS txoA Ao]E Zo] 1 nm &
A 6.31°Col &% Z7}2 ¥ o4&, FinFET SONOS
Aol 1.76°CO) 2.5 3718 HolFolck. 5, 5T AR
= 85619 ETE 7|42 138 Al2te, AX9] Lg F40] tf
34l GAAFET #+&7} FinFET 2 0] 430 w2 2 &
'E&2 BoEn. £ 19 6(b)et Zo] FinFET 28}
GAAFET & 3% .5 L7} HAHLF ARIY 2245
(temperature growth rate) o] Z7tst7]9], &A= AA}
oA o WHE Tlole] X 27|17k 7 s e & 4 lck.

B

Zf 50 nmof| A 10 nm7HA] £45H S TS 7P o
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Auto|tt. GAAFET 1#x9] 3% Wt Ten’t A TS
Joule heat &% E3F Yolx|L Zo] &Qlg]9jon, o]
Wenlt Ton?t B2 TS, 3017 WL ©A YoM, k7t
55 2 e Zo] HolA, 25 WL Aq|go] £01&57] Ol
ojt}. ¥¥, FinFET 729 42 Ad9] &7t o=
H]2SkA g Wenoll= BHE[E|sh= Zo] EelE] Qi) o]
GAAFET 11 x9t= &a], FinFET 1%9] 742 afdo] Al
2|2 7l ARAo 2 gt o], Wt solEd4=
7ol A7 == HAo] F7F6h7] miEoltt. sHAIgE, o]
o 22 Walt Twol theh £=o] 9IZte= FinFETH
GAAFET & A% 2%, 13 6(a)?} 2 Alo|E Zo]o
Oigt R eo] AFo] W, 0jojgt 2502 o 7AZIT A]
27X o] AlF AN E BT 2, FInFET SONOSQ GAAFET
SONOS©9] ETE A& tjst A X3 &5 2|10 AA}
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Fig. 6. (a) Extracted temperatures for various gate lengths and (b) comparison of temperature growth rates be-tween FinFET SONOS and
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Table 2. Comparison of ETE efficiency between FInFET SONOS and GAAFET SONOS.

Power efficiency

Erasing speed

Power efficiency with respect to device scaling

FinFET SONOS +9.29°C/mW

+34.05°C/ns

—1.76°C/nm

GAAFET SONOS +21.24°C/mW

+57.50°C/ns

—6.31°C/nm

I
uy

=
—

o] AoIH L 32t Bejalo] 22| 2xte] 14 dlofe]
RIS 71581 shs W 5 sl ETE 7130 cjsto]
wolslglnt. £3], BUAF 44 T719h AR T,

FinFET SONOS®} GAAFET SONOS 7te] & =0 of
st uEA g, 3D AlgdgoldS Ef2 XIsYstqict. 1
A, =4 dx M2 sloA, FinFET SONOS HCh
GAAFET SONOSof|A] 28} o]} ] =2 2=9] & ¥&0]
tedS skt ol oAl DstH, GAAFET
SONOS7} FinFET SONOSo|| 7AZo], i e A2l 40
2 Q2 5t= 7S oo|stct. ot ofy2}t, GAAFET 3+
%7} FinFET ;L;oﬂ H|3]] oF 1.74) O w27 L3} & of
Lot o, o] = ETEQ] &= FHoA, O whE X]-27]
&0 pdo] Vs &g Quigitt, gog X[&A 0= X
3%]= Alo| E Zo] HA40] #HA oA & I, GAAFETY] 7
olE ZA7lo] T &x430] UYL FinFETo] %
oF 3.68] of & A& sttt 28X 02, FinFET
SONOS %] "|a}j, GAAFET SONOS 4Ato]| ETE 7|9
2 Aot o] A AW, A7) £&, 121 FI A
AP Z49] WA O viFA ST L & 2 Qo). o], o
ME%H%&HE%%%ﬁMWﬁa”EHNAHJ%
%7}, FInFETo] obd GAAFET Q1 &Mof #Hotat of, o]g
gt ﬂ?”éi}% ETE 7|48 &5 Gitoll 83510
IAtRZEE £ 9l A OR AT gt
EHMHOM$4QH1 FALEl AALS TjAf o2 o]eh 2
ETE §74-& OhAl 3t A5all& g2 glo] Bl

—9~—|o
i

te p-
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