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ABSTRACT

This paper introduces the SPICE simulation results of 3D sequential inverter considering electrical coupling.
TCAD data and the SPICE data are compared to verify that the electrical coupling is well considered by using
BSIM-IMG for the upper NMOS and LETI-UTSOI model for the lower PMOS. When inter layer dielectric is small,
it is confirmed that electrical coupling is well reflected in the top transistor /Zx-Ves characteristics according to
the change of the bottom transistor gate voltage.

79

33 =27 AW E, 3DIC, SPICE =4, 3D sequential inverter, monolithic integration

.M 2 Fol7h Hlwz & Fxo diste] ZHzhe] EA
2F 2ds 7P I RE AlEHeA T 8
HrEAe] AES moly] o3& Fojo] W AN ERAXZE R Fo|7} HolxW F EW
wel EdA B Z72 A% Zo YHaes AXH el ArH FEAge]l wAsa olF
= , n EAA 2E Y Z7)S Fo 3 LT 2 AEHeIde] dasit mEA &
HELS Zol= AL EEAH A7 g, o] AToMME ArH FEAEE 1T 3D =3
2 2ysy] s 339 Frol we AL s CMOS /IME S2 Ageeld mde AN
An A7E APs FoHIH2). 33 Fze A I
through silicon via(TSV) ¥-21& A}-8-3}+= parallel
Tx  ExFer s FopsYe
sequential 7-Z7} 9t} parallel TEE viag % n.g2 2
3 el ES ddstH FE wRe REEA A
AHEE T o EWMA 2E FY] Eol(LD)E ym 2.1 3R &=XIA CMOS QI E
@9jolth. whHAo| sequential FEE via flo] &} a9 1 AEYolAd o] &3 3xY +£x1A
el gjolHe] FAE HZsE Aow Fo  CMOS JIWES & Fx& dEha Ao s
AL 9l 71 Lo WRSAY EAxE ST PMOSS 45 NMOSZ o] Folx glow 7o
7te] Eol= B2 A FLo] o =t} E FA Te =49 mm, APVE Ao°] Lg =30 am, A°]
A7) 3D «xk3 CMOS ¢IHEE 32 AEd E 483 S Tox =1 mm, 222 F4 Ty =10
oldE 9% o] itk A EMA~H e m, ARIE D FA Tew =50 am, LDD Aol Lipp



TN YSAES naitt 3Rt XA 2IHE|Q| SPICE AlZ2{0|M

=10 nm, AW FA Tr =50 mm, ILD 574 Tp =10
m, 22=9F E#ln+et pHL 102 cm™, LDD(#
pE 10° cm®, Ad@p-9 n-)e 108 cm™® o=
=3 &4} oo FxoA AolE Zolg} ILD
o] FA7F 2% wetulE ol

Metal Line

Metal Line

Substrate

29 1339 #4414

o
fiu
o
4
BN

22 ANZ2olM & ™7™ ot

Al Ed o] 4L Silvacorte] tHbe] 2~ AlE# o] H
Ql Atlas[4]1E ©o]8&3ted TCAD HlolEHE i,
SynopsysAte] SPICE A& ©]E1Q] Hspicel5]15 <]
£3}o] SPICE Hlo]E|& o] Hlmw3sle] SPICE =
2 detulE] S Ze Zlolth AlEH ol A
8% SPICE Ed-2 4% NMOSe| BSIM-IMG, &
< PMOSe LETI-UTSQOI o]t}

a9 2 4% =dQd AdEs 2AZAN L &%
Al ESY HjbS WMAAZIH FFo] AF-AY

SAS Had Aot

0.4 T T
©  TCAD Simulation l
— HSPICE Simulation .
<¢ 0.3] W/L=02/0.03 pm )
=) FE V.05V o
0.2
N‘B
No 0.1 o
",<“o 7 7 8V, 0tlV
0.0+ - — . |
-0.5 0.0 0.5 1.0
dS V. [V]

—3]' % Vgale

0.4 T |
<  TCAD Simulation
Hspice Simulation /
2 0.3 w/L-0.2/0.03 um
= SV AT V.
T502]
S
N’B
Ko O-1
<0
0.0+ =i :
-0.5 O]._O¥ 0.5 1.0
A=
= v, V]
3 3 3F Vewe = 235 Viowe @ W 25

n. & 2

2 AFdAEe ERAXEH 7MY Folvt A&
o A7A FE5eS 1#HIF 3D CMOS SIHE
32 AEHA ARE AASATE & NMOS
o] BSIM-IMG, 3}% PMOSe| LETI-UTSOl =g-&
ALgEtS 35 AlolEol ko] JMEiH S 2
713 4Ezgo] o3 4F AF-AY EAe WA
3}7} Wid® e TCAD d©o|el9} SPICE dHlo]g
5 Hlaste] Rl 35 AlolE Hgel W

£
;

sl W A4 4sAgel F Uehtm 9o
2= B2 =EAA A A gk BSIM-IMG <}

LETI-UTSOl 2218 A-83d 3D CMOS <M E <]
A28 4 4 Mee Ao nan,

doe ANT F Rdg Agste] DC 54
9 AN, HFEST 54 Fol Tsle] gL
Ngdolde Raste] WrH Asztgol &
CEESIENET PR

[1] P. Batude, er a “Advances, challenges
and opportunities in 3D CMOS sequential
integration®, in Electron Devices Meeting
(IEDM), pp. 7.3.1-7.3.4, 2011.

[2] A. M. lonescu, H. Riel, “3DCoB: A new
design  approach  for  Monolithic 3D
Integrated  circuits®, Design  Automation
Conference (ASP-DAC), 19th Asia and South
Pacific, pp. 79-84, 2014.

[3]1 SILVACO, int. “ATLAS Users
Santa Clara, CA, 2014.

[4] Synopsys, Inc. “HSPICE® User Guide: Basic
Simulation and Analysis“, Mountain View,
CA, 2016.

Manual®,

- 201 -





