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Abstract: Reliability of CMOS has been severed under aggressive device scaling. Conventional technologies such as lightly

doped drain (LDD) and forming gas annealing (FGA) have been applied for better device reliability, but further advances are

modest. Alternatively, electro-thermal annealing (ETA) which utilizes Joule heat produced by electrodes in a MOSFET, has

been newly introduced for gate dielectric curing. However, concerns about mechanical stability during the electro-thermal

annealing, have not been discussed, yet. In this context, this paper demonstrates the mechanical stability of nanosheet FET during

the electro-thermal annealing. The effect of mechanical stresses during the electro-thermal annealing was investigated with

respect to device design parameters.

Keywords: Electro-thermal annealing, Joule heat, Mechanical stress, Nanosheet FET, Reliability, Self-healing

1.ME

Moore’s lawS @olA], o] 53 2l A& EXJo] 7]
M 9lstol, WA Axle RFs] 2dsE T 9k (1]
SHA1RF AlQ] 37)7} AfotA] 1, AR A et o
2 SAISo] WS 910 0], T PEA T A =
AE & 3Hshort-channel effects) @ AX}t
(reliability)Q] A sto]ct [2].

HA oRE s, MOSFET (metal-oxide

52 Jun-Young Park; junyoung@cbnu.ac.kr

Copyright ©2022 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

semiconductor field-effect transistor) AX}9] Ao]E
Zo](gate length, Lg)7t &otalof w2}, Aol E A U¥(Ve)
o olgh =ejel H 2 (1) Aloi7} ok, =2fel FHVy)o
ot AR/ Aot AR o FASiAl= Agoltt. o],
MOSFET?9] subthreshold swing (SS) %fo] Z7}stA4,
punch-through2 QI3t off-state current (Iopr) 570}
of. A9 1R 5718 A2t A9 1R 3
7he HE2 25k, g2 882 Adlish= 5 Hulo]

3702 ALgsich. stx|R oleidt BAl Futel
rAfe] PE R AR S Fote] oln Y=

2R+ 8F= A AXHplanar FET) <
2 714 7ol o 2ojx]

ARE Aol 5

2
]
ujn
=
ol
‘g,
o oft

ZO|A 3R L2
of T, AlolE Aol =2l

Il
o]
=l
=3
— T
= o



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 1, pp. 50-57, January 2022: Wang and Park 51

gate controllability7} 7HA€ch [3]. #ob ofyz},
FInNFETH.C} sH& ¢ 7§A1 & gate-all-around (GAA) A
A} 2R7E 2ol AtEls 5 Axkpao] AME AL
QT [4]. AR EHoA =, A2 (Si) 7|HE o4d3]
AHEStth= Aol = Afo] 7t Qitt. SHAIRE X572 4 |t
MOSFET®] Alo| £ ¢isto 2 & gelo] o, Aej 2 4t
SHAK(SiOz)ofl HfO,9F -2 high-k A& 7t A-&5t%
t}. o] & E5to], AR 2 ¢ U2 gate controllability
b aed & lolnt [5]. 9ok Zol, Axte] & U &)
9 7Ndg &ste, ©@AlE giko] Alghs o= A& AdAE
£ Q%ler, o5 Boll AIEAQ] AXte] £ str} 7H56)
%t

SHARE ©Ald makelt= Ga], AXF Al2]Ade] FHA
= ol 5 /JAs] 98 AT geto] A Aolct. &
AFe] Alo] E ol 5 ¢ 7| o= REF 7= AL
SAHY(Vae) S B 47|20 Auuc o whas)
o] 2oj5 o, o] 9lste], A} ol Eeel Hgte] o
gt Ald 2 AAZE AXRA =AUt ol Z2, Ad £
XA (lateral electric field)®] Z7}= hot-carrier
injection (HC)2} 22 A} A=) A5 ASAIZAH.
wob objah, thald & ate olxatr] 9jah Aol EQls
high-k 2719] & 8- A5 0 2 Alo| £ FA}e| band
gapS 7ZFAA71A EQ 1, T2 Q15] bias-temperature
instability (BT]) 5 A12]4] 9215 571170k ole} 22,
AR AR X5HE 7fASH7] ¢l5He], lightly-doped
drain (LDD) ¥ forming gas annealing (FGA) 7]£0]
oju] A W A& 9l o}, of o] ife] FH3t 7]=9
R8s AL Qe vhe 2uyatairt 6,7
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Fig. 1. Schematic of NS FET for simulation of mechanical stress during electro-thermal annealing. (a) Cross-sectional image along the channel

and (b) gate direction. (c) Magnified image of Fig. 1(b).
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Table 1. Device parameters for simulation of NS FET.

Parameters Materials Values
Si substrate (nm) Si 100x100%30
Gate length, Lg (nm) TiAIC 12
Channel width, Wcn (nm) 30
Nanosheet thickness, TS () si 5
i
Source/drain length, Lsp (1) 12
Source/drain height, Hs/p (nm) 60
Channel-to-channel vertical space (nm) - 15
Inner spacer thickness SizNg 3
Inter-layer oxide thickness (nm) SiO: 1
HfO:> thickness (nm) HfO> 3
TiN thickness (nm) TiN 6
Table 2. Material information for simulation.
Material properties Si Si-S/D TiAIC TiN Si3Ng SiO2 HfO>
Thermal expansion 2.6%10° 26X10°  82x10°  9.6x10°  3x10¢  05x10°  6x10°
coefficient (1/K) [13]
Dielectric constant [14] 11.90 11.90 1 1 7.50 3.90 22
Density (kg/m?) 2,329 2,329 4,070 5,200 3,100 2,650 8,500
Thermal conductivity 140 (Substrate) /
38 46 29 32 1.4 1.06
(W/mK) [15] 18 (NS)
Electrical conductivity 7.68x10° 5x10° 27%106  6.7x10° 1%10% %1077 1% 1071
(S/m)
Y ? dul
oung s modutus 160 180 260 410 290 66 264.52
(GPa) [16~20]
Poisson’s ratio 0.22 0.27 0.165 0.3 0.28 0.17 0.308
3.@R R uE ojt} [1& 2(c)]. L2jaL o2t =9 27]&= AlolE A
== &oll VIt AFARA 77 AZ 2=, 1™ 2(d)
o]g, Algdo] g &oll @4 NSFETE thife g 5F o o] Axt Yl g2 =7} 57she dd2 oAl "ot
of, gate-to-gateS & AEoJdP S o5t S ST BIFE AEo| @S et 255 2419 melting
717gskitt. o] & {sto], 18 2(a)ef #o] NS FETC] g o]} electromigrationo] W Y5HA] b= £ & 0] ¥ U
Z AI°lE AF9] 2ol DC AFE A7IstaL Alo|E A= oA Alojg 4 ot stHete, vhEA o] 1 7] A Ql A d
9l y & vt¥ o= ground & A &5ttt of 2.5 mA9] o' dP o 2382 VAR A= £A1E 72 & U
AFE 22 34 FEHC2 o]R0jAl 70| E A2 HE o, & A= NS FETOA ABoldP S 35k B4
2 QIsto] 2=7t ”Ao}@‘q E5], AR7t 22 0d oA TSk AAIAQD ZIAA A2 gist 5 o
oANA & o, 7I°1E A=9] 5 FwoM 7P =& 2% T o5 7HAsH] Yt Algdlold & 7= A1edsted
£ BoiRqdet [2™ 2(b)]. 28] Alo|E A=g zy BH a8 32 Yxaxte] 7AA AEd|A(mechanical
og TS A} 2k FX S QS A0|E A= 4 stress)E U&= von mises stress& F& 3 Aol
SRUAS SN 2ETb T B AS HAT 4 9 oS EOIR MAIY 43 F Wt JIAKA A1
9lo.0] o]t M2l & 7]Ho] heat sink2A] G317 The A4S LS AT BT 13 3(a)%} Zo] Ao]E M3
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Fig. 2. (a) Heat distribution profile during electro-thermal annealing by gate-to-gate configuration, (b) extracted gate surface temperature during
the electro-thermal annealing, (c) cross-sectional heat distribution profile cut along the gate direction, and (d) extracted temperature of Fig. 2(c).
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Fig. 3. (a) Extracted mechanical stress during electro-thermal annealing by gate-to-gate current and (b) extracted mechanical stress with various
applied current for the electro-thermal annealing.
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