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Abstract: This paper demonstrates a novel NAND flash memory structure and annealing configuration including through-silicon
via (TSV) inside the silicon substrate to improve annealing efficiency using an electro-thermal annealing (ETA) technique.
Compared with the conventional ETA which utilizes WL-to-WL current flow, the proposed annealing method has a higher
annealing temperature as well as more uniform heat distribution, because of thermal isolation on the silicon substrate. In addition,
it was found that the annealing temperature is related to the electrical and thermal conductivity of the TSV materials. As a result,
it is possible to improve the reliability of NAND flash memory. All the results are discussed based on 3-dimensional (3-D)

simulations with the aid of the COMSOL simulator.
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Ste A AXtE 2], W22 SHe A AXFeR Al ARNEE A
AA e FRE0. 220 H 2] YEEA AR F, HojEE
U g or AE 4 Qe H FEd(non-volatile
memory, NVM) A&} 2= ONO (Si0,/SisNa/Al,O3) gate
dielectricg 7|9t0.& sh= Al 2] £A} O BA]
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phase change random access memory (PRAM) £-0]
APAIE] NVM ARF2 A, 3L56] Alote] v Qlont, A A4
& 3 A H] & (bit-cost)& L& 125t S ©f, oA}
A= ONO 7]5te] %17} 744} A graicin ol A x| 1 gick
[1-3].

ONO gate dielectric 7]9t] ZefjA|u| 2] AX}to] O
O|E] & program3s}’] YsjA= gate electrode (word-
line, WL)of] @F9] X2 91715t SisNg4 charge trap
layerof] AALS FUA7|H, erases $345H7] HsliA =,
Al 7|0l o Ad= AVISsHAY [4], gate-
induced drain leakage (GIDL) g1 4+-S §-8H6t T & drain
electroded] =& A2 Q7tsttt [5]. HA9H =2 A
= A ojoto], Zefalu]Re] Axte] 3717} Atopx| 1
Aol dw7t olxlof] wa}l, short-channel effects
(SCEs)Z QI3st AKX} off-state current (Iorr) 71 Y A
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A12]d(retention ¥ endurance) A5tet= HANgo] ut
235t7] AlAsEA T
olof], 20079 ToshibaofA], 3D NAND Z2jA|H| 2]
AR M &2o] AIRbE] itk [6,7]. SHA|RE, 3D NAND Z2f
AlH| 22} ARt= g abA 02 SCEsE AA|sHAA|T, gFof
%] gate dielectric© & 915}, tunneling oxide €4} 4! Al
274 Askg O 4 oot ol2ist A=l d AshE 7iAl st
25l A = tunneling oxide?t channel ZF EX|5t=
interface trapg £°0|+= 71o] £ Q5tH, tfaAel 7|a=2
= forming gas annealing (FGA) o] ¢Jt} [8]. 5}A|qt, O]
2% FGAL 240U} £ato] £ Bxo] 2442 2|2
4 Q17]10f, 3D NAND Z2fjA|d 2af gh3 9t =& of
29 UHle 2a s =t olo digt 7id Wi e
2, A4 ojd(electro-thermal annealing, ETA) 7]&
o] Aj=o] A|QtE] =, o] T& 11} o], WL-to-WL
of =2 AREZ AU7Isto], flza] A Yo =252 2=
LAAIZ]1 AL, ol2fst 2 &l &9 AAME o2 sh= Ho*
Alojt} [9-11]. ¥]5 o]gst ETA 7]&o], AXY
retention ¥ endurance = A& 7Aoo guA oL,
AFE E2F layer?t UHA] layer 7H9] 29| & <Y
doz Qg 7IAN AEH A0 gk 27t EAjstt

[7,12].
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Fig. 1. Operating principle of a conventional electro-thermal annealing (ETA) configuration in 3D NAND flash memory. WL-to-WL current

flow is utilized for Joule heat generation [9-11].
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Fig. 2. (a) Schematic of the proposed NAND flash memory structure with TSV electrodes and (b) cross-sectional image of Fig. 2(a). The TSV

electrodes are included inside of the silicon substrate.
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Fig. 3. (a)-(f) Fabrication process flow of the proposed 3D NAND flash memory structure containing TSV electrodes. It is assumed that the

TSV electrodes are composed of copper.

etchingg &3t holeg &EAsta, atomic layer
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Fig. 4. Comparison of heat distribution profiles between the (a) conventional ETA using WL-to-WL current, (b) the proposed annealing method
using TSV electrodes, and (c) extracted temperature along the bit-line direction.
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Fig. 5. Extracted temperatures with various isolation thicknesses
(TisoLation) deposited on a Si-substrate.
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