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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.
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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, Tns () i 5
Source/drain length, Ls/p (1) 12
Source/drain height, Hs/p (nm) 60
Channel-to-channel vertical space (nm) - 15
Inner spacer thickness SisNa 3
Inter-layer oxide thickness (nm) SiO2 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 SizNg SiO2 HfO>
CZ:;::Z};ZTE;E’;] 2.6x10° 26X10°  82x10°  9.6x10°  3x10°  05x10°  6x10°
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
Ther(mwa/lnfg)“i[‘;?]wity 140 (lzu(b]jtsr;‘te) I3 46 29 3.2 1.4 1.06
Ele"trica(lsc/(;;d”cmty 7.68%10° 5%10° 27%10°  67X10° 1x10° 1%10"7 1x10°
Young’s modulus
(GPi) [16~20] 160 180 260 410 290 66 264.52
Poisson’s ratio 0.22 0.27 0.165 0.3 0.28 0.17 0.308
3.4 ¢ aEt ojt} [’ 2(c)]. L2jaL o]2gt &0 A7]= AIolE A
22 5] kot QAR AVIE AR S, 13 2(d)
o3, Algelol e 51 BT NSFETS chgo2 st o 2o At U ke et 57kt 232 BolA Tk,
o], gate-to-gateS ¢ ABoJdPS podots S SHAIU BHIE A EOEH S ¢t 225 249 melting
7175ttt ol & fl5to], 11 2(a)et o] NS FETC] gt o4} electromigrationo] WAYSHA] ¢t £]A1Q] W W
Z AolE A=9] €0 DC AF/E A7tk Al°lE A= oA Aloj& 4 ot stofete, SR o] 7] A1 A E
o y % VIl ground A GSHSACh oF 2.5 mAY] oA 2L AN MY BAS SA 4 9ck. of
M52 28 574 2402 o|2ol7l AolE A WA o, ¥ AT NS FETOIA Hdoldye 285t 1
2 Astel 2E7t A4St Sol, ARt BEt WE oA WSt AR Z1AR A=l hat S o
oA 2 o, Ao|E HTo] Fof HEoA A B 28 21 02 M| A AlgeolH e 2l2 st
S B3R [19 2(b)]. 1]a AlolE A=3 zy BH a8 32 YxAXe] ZIAA AEHA(mechanical
Oz TS Aot 2= xS s, AJE =9 4 stress)E i #35h= von mises stress& £&¢7F Auto]H,
HRALZSIHREG 27 e 22 215 2RI £ 91 o] Edlz AEoEdd £°8 5 T ste 7IAA L A&
o0 o= A2 7|Ho] heat sink2A A-&sH] G S S AT EYT 2 3(a)et 2ol AlolE =9
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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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Fig. 4. (a) Extracted maximum temperature and (b) mechanical stress during electro-thermal annealing (ETA) with various vertical spaces of

NS FETs.
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