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Conformal Doping for FInFETSs by Self-Regulatory Plasma Doping
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Abstract

A new Self-Regulatory Plasma Doping (SRPD) technique with B,Hg/Helium gas plasma has been successfully developed that
provides conformal doping for fins. Manufacturing level of process controllability (<1 % per dose) for the new SRPD has been
realized, and the advantages of the SRPD have been verified with FInFETs with metal/high-k gate stack for the first time. Short Channel

Effect (SCE) improvement for FinFETSs is clearly obtained.

Il. goon

OBellDD0O0O0ODDOOOODOOODODOO
Shockleyd Bardeen BrattainO0 30 O O 000000000
0000000 mO0O000D00000000O0Dnooon
0000000000000 00KikyODODDOO0OOO
000000D0D0D0D0019590 00000000000
O0D00O000OONoyceDDDOODODDOOOO
OHeemiDODODOOO Y200000000000000

gbooboboboobooooooooognM™os FET

O Metal Oxide Semiconductor Field Effect Transistord [0 0 0 O
ooooo1ee0d2s60000pO0 OO OODOOO0O
0000000000 ®W00000MOS FETOOODO
O0oo0ooooooooooooooooooooo

oo0oooo4000000000000000000
00o000oooooooooooooooooooog
OOMOS FETO O OODDDOOOOOODOOOOODODO
0001000 o0dooooooooooooooao
000000000o0ooooooooooooooog
00000o0o0ooooooooooooooood
000000000o0ooooooooooooooog
go20080 120 000000IEDMOSC 0O OODOODOO
0000oo0o00ooooolooooooooooog
00000o00oooooooooooooooood
0000000000000 0000Y0000000
0000000000 Intel Corp. DO 022 nmO OO0

gobOoOorETODOODOOODOOODOOODLODOOODOO
gobow.nmiiodopooooooooooobooo
goboobobooobrETOODOODOODLODOOODOO
gobooboboOorETODOOODOOODOODDOOODO
gbooboobooobooboboobooboboo
oooooooon

gbooboobooobobobobooboboooboo
oboobobooobooboboooboobobooo
FETOOOOOODO1IbOoDOOobOO0bOOoboboboooo
oboobobooobooboboooboobobooo
oo

010 OOOOOFETOOOOOFETOOOOOO

Fig. 1 Schematic of planar type FET and fin type FET, respectively
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Fig. 2 Issue of resist shadowing with ion implant technology
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Fig. 3 Plasma doping equipment
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(c) After conventional PD
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Fig. 4 SEM images; (a) before and (b) after SRPD process (this work), and
(c) after conventional PD
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Fig. 5 SSRM measurement of fin structures that has been doped with
SRPD process. Ry and X; of top surface measured at other planar
wafer are 1300 Q /sq. and 18.9 nm, respectively.
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Fig. 6 Dose and within-wafer uniformity on Rs as function of time with
SRPD process
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Fig. 7 Typical distribution map of Rs obtained in process window with
SRPD process
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Fig. 9 Schematic of pMOS FinFETs
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Fig. 10 TEM image of 17 nm width/63 nm height fin fabricated with (a)
SRPD and (b) B+ ion implant reference, respectively
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