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Student : Tsan-Tang Chen Advisors : Dr. Pin Su

Degree Program of Electrical and Computer Engineering
National Chiao Tung University

ABSTRACT

This study investigates.the threéshold.voltage (Vy) variation of multi-gate
devices using 3-D device simulation. FInFET, Tri-gate and Quasi-planar
device structures on thick buried oxide (100nm, scenario 1), bulk (scenario 2)

and thin buried oxide (10nm, scenario-3) are examined.

The V4, dispersion caused by variation of the process parameters such as
gate length, gate oxide thickness, channel doping, fin width and fin height
have been investigated. In addition, the impact of random dopant fluctuation
of channel doping on Vy, has also been examined. Besides, the impact of
buried oxide thickness and bulk substrate on the Vy, variation of multi-gate
MOSFETSs are studied.

Our simulation results indicate that, for lightly doped devices, FINFET
structure shows the smallest Vy, dispersion because of its better immunity to
process-induced variations and random dopant fluctuation. For heavily

doped devices, Quasi-planar structure shows smaller Vy, dispersion because of



its smaller random dopant fluctuation.
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A.1 Input deck of heavily doped FInFET (DEVISE)

(define Xcha (* 0.5 0.015))
(define Ycha (* 0.5 0.025))
(define Zcha 0.03)

(define Tgox 0.001)
(define Thox 0.1)
(define bodydoping 6e18)

(define Xgox (+ Xcha Tgox))
(define Ygox Ycha)
(define Zgox (+ Zcha Tgox))

(define Xsd Xcha)
(define Ysd (+ Ycha 0.02))
(define Zsd Zcha)

(define Xbox (* 3 Xcha))
(define Ybox Ysd)
(define Zbox (* -1 Thox))

;--- Channel
(isegeo:create-cuboid (position 0 (* -1 Ycha) 0) (position Xcha Ycha Zcha) "Silicon" "channel" )

;--- Gate Oxide
(isegeo:set-default-boolean "BAB")
(isegeo:create-cuboid (position 0 (* -1 Ygox) 0) (position Xgox Ygox Zgox) "Oxide" “gate_oxide" )

;--- Poly Gate
(isegeo:create-cuboid (position 0 (* -1 Ygox) 0) (position (#70!001 Xgox) Ygox (+ 0.001 Zgox)) "PolySi" "Gate")

;--- contact gate

(define GatelD (find-body-id (position 0 Ygox (* 8.5 (+ ZgoX (+0.001 Zgox))) )-))
(isegeo:define-contact-set "gate" 4 (color:rgh 1,00 ) "##™")
(isegeo:set-current-contact-set "gate")

(isegeo:set-contact-boundary-faces GatelD)

(isegeo:delete-region GatelD )

;--- contact Source/Drain
(isegeo:create-cuboid (position 0 Ycha 0) (position Xsd Y.sd Zsd) "Silicon*""drain_region™)
(isegeo:create-cuboid (position 0 (* -1 Ycha) 0)  (position Xsd (* -1 Ysd) Zsd) "Silicon" "source_region™ )

;--- BOX
(isegeo:create-cuboid (position 0 (* -1 Yhox) 0) (position Xbox Ybox Zhox) "Oxide" "BOX")

;--- contact substrate

(isegeo:define-contact-set “substrate” 4 (color:rgh 1 0 0) "##")
(isegeo:set-current-contact-set “substrate™)

(isegeo:set-contact-faces (find-face-id (position (* 0.5 Xbox) 0 Zbox)))

;--- imprint for S/D
(isegeo:imprint-rectangular-wire (position 0 (+ 0.005 Ycha) Zcha) (position Xsd Ysd Zcha))
(isegeo:imprint-rectangular-wire (position 0 (* -1 (+ 0.005 Ycha)) Zcha) (position Xsd (* -1 Ysd) Zcha))

;--- contact drain

(isegeo:define-contact-set "drain" 4 (color:rgb 1 0 0 ) "##")

(isegeo:set-current-contact-set “drain")

(isegeo:set-contact-faces (find-face-id (position (* 0.5 Xsd) (* 0.5 (+ Ysd (+ 0.005 Ycha))) Zsd)))

;--- contact source

(isegeo:define-contact-set "source™ 4  (color:rgh 1 0 0) "##")

(isegeo:set-current-contact-set "source™)

(isegeo:set-contact-faces (find-face-id (position (* 0.5 Xsd) (* -1 (* 0.5 (+ Ysd (+ 0.005 Ycha)))) Zsd)))

;--- doping Si
(isedr:define-constant-profile "body_doping" "BoronActiveConcentration" bodydoping)
(isedr:define-constant-profile-material "body_doping" "body_doping" "Silicon")

;--- doping drain
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(isedr:define-refinement-window “drain_doping™ "Cuboid" (position (* -1 Xsd) Ycha 0) (position Xsd Ysd Zsd))
(isedr:define-constant-profile "drain_doping" "ArsenicActiveConcentration" 2e20)
(isedr:define-constant-profile-placement "drain_doping" "drain_doping" "drain_doping")

;--- doping source

(isedr:define-refinement-window "source_doping" "Cuboid" (position (* -1 Xsd) (* -1 Ycha) 0) (position Xsd (* -1 Ysd) Zsd))
(isedr:define-constant-profile “source_doping" "ArsenicActiveConcentration™ 2e20)

(isedr:define-constant-profile-placement "source_doping" “source_doping" "source_doping")

;--- mesh Si

(isedr:define-refinement-size "Si_Mesh" (/ Xsd 2.5) (/ Ysd 2.5) (/ Zsd 2.5) (/ Xsd 5) (/ Ysd 5) (/ Zsd 5))
(isedr:define-refinement-material "Si_Mesh" "Si_Mesh" "Silicon™)

(isedr:define-refinement-function "Si_Mesh" "DopingConcentration" "MaxTransDiff" 1)

;--- mesh main

(isedr:define-refinement-window "main_mesh" "Cuboid" (position 0 (* -1 (+ Ycha Tgox)) 0) (position Xcha (+ Ycha Tgox) Zgox))
(isedr:define-refinement-size “main_mesh" (/ Xsd 8) (/ Ysd 10) (/ Zsd 8) (/ Xsd 20) (/ Ysd 100) (/ Zsd 20) )
(isedr:define-refinement-placement "main_mesh" "main_mesh" "main_mesh" )

(isedr:define-refinement-function "main_mesh" "DopingConcentration” "MaxTransDiff" 1)

;--- mesh BOX

(isedr:define-refinement-window "BOX_mesh" "Cuboid" (position 0 (* -1 Ybox) 0) (position Xbox Ybox (* -1 Zcha)))
(isedr:define-refinement-size "BOX_mesh" (/ Xbox 4) (/ Ybox 4) (/ Zcha 3) (/ Xbox 8) (/ Ybox 8) (/ Zcha 8) )
(isedr:define-refinement-placement "BOX_mesh" "BOX_mesh" "BOX_mesh" )

(isedr:define-refinement-function "BOX_mesh" "DopingConcentration™ "MaxTransDiff" 1)

;--- mesh total

(isedr:define-refinement-window “total_mesh" “Cuboid" (position 0 (* -1 Ybox) 0) (position Xbox Ybox Zbox))
(isedr:define-refinement-size "total_mesh" (/ Xbox 3) (/ Ybox 3) (/ (* -1 Zbox) 3) (/ Xbox 5) (/ Ybox 5) (/ (* -1 Zbox) 5) )
(isedr:define-refinement-placement “total_mesh" “total_mesh" “total_mesh")

(isedr:define-refinement-function “total_mesh" "DopingConcentration” "MaxTransDiff" 1)

;--- mesh topoxide

(isedr:define-refinement-window "topoxide_mesh" "Cuboid" (position 0.(*% -1 Ygox) (- Zcha Tgox)) (position Xgox Ygox (+ Zcha
Tgox)))

(isedr:define-refinement-size "topoxide_mesh" (/ Xsd 5)[(/-Ysd 5) (£.Tgox:3) (/ Xsd 20) (/ Ysd 20) (/ Tgox 6) )
(isedr:define-refinement-placement "topoxide_mesh" "topoxide “mesh" “topoxide. mesh" )

(isedr:define-refinement-function "topoxide_mesh* *DopingConcentration" "MaxTransDiff" 1)

;--- mesh buriedoxide

(isedr:define-refinement-window "buriedoxide_mesh" "Cuboid" (position 0 (*'-1"Ygox) (* -1 Tgox)) (position Xgox Ygox Tgox))
(isedr:define-refinement-size "buriedoxide_mesh" (#Xsd 5)%(/ Ysd 5) (/ Tgox 3) (/ Xsd 20) (/ Ysd 20) (/ Tgox 6) )
(isedr:define-refinement-placement "buriedoxide_mesh® *buriedoxide_mesh™ "buriedoxide_mesh" )
(isedr:define-refinement-function "buriedoxide_mesh" "DopingConcentration” "MaxTransDiff" 1)

;--- mesh frontoxide

(isedr:define-refinement-window “frontoxide_mesh" "Cuboid" (position (- Xcha Tgox) (* -1 Ygox) 0) (position Xgox Ycha Zgox))
(isedr:define-refinement-size “frontoxide_mesh" (/ Tgox 3) (/ Ysd 5) (/ Zsd 5) (/ Tgox 6) (/ Ysd 20) (/ Zsd 20) )
(isedr:define-refinement-placement "frontoxide_mesh" "frontoxide_mesh" "frontoxide_mesh™ )

(isedr:define-refinement-function "frontoxide_mesh" "DopingConcentration" "MaxTransDiff" 1)

;--- save BND and CMD

(ise:assign-material-and-region-names (part:entities (filter:type "solid?")))
(iseio:save-dfise-bnd (part:entities (filter:type “solid?")) "@boundary/o@")
(isedr:write-cmd-file "@commands/o@")
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A.2 Input deck of heavily doped FInNFET (DESSIS)

File {

* input files:
Grid="@grid@"
Doping="@doping@

* output files:
Plot="@dat@"
Current="@plot@"
Output="@log@"

}

Electrode {
{ Name="gate" VVoltage=-0.3 barrier=-0.55}
{ Name="substrate" Voltage=0}
{ Name="drain" VVoltage=0.0}
{ Name="source" Voltage=0}

}

Physics {
EffectivelntrinsicDensity(OldSlotboom)
Recombination(SRH(DopingDependence) Auger Avalanche(Eparallel))

}

Plot {

eDensity hDensity eCurrent hCurrent
DisplacementCurrent

Potential SpaceCharge ElectricField

hMobility eVelocity hVelocity

Doping DonorConcentration  AcceptorConcentration

}

Math {
Extrapolate
Derivatives
RelErrControl
Digits=5
ErRef(electron)=1.e10
ErRef(hole)=1.e10
Notdamped=50
Iterations=30
Newdiscretization
Directcurrent
Method=ParDiSo
-VoronoiFaceBoxMethod
NaturalBoxMethod

}
Solve {

Coupled(iterations=150) { Poisson }
Coupled { Poisson Electron }
NewCurrentFile="n@node@_init"

Quasistationary(
InitialStep=1e-1 Increment=5
Minstep=1e-2 MaxStep=0.5
Goal{ name="drain" voltage=0.05 }

X
Coupled { Poisson Electron }

Quasistationary ( DoZero
InitialStep=1e-1 Increment=5
Minstep=1e-2 MaxStep=0.5
Goal { Name="gate" Voltage=-0.3 })
{ Coupled { Poisson Electron} }
#-ramp gate:
NewCurrentFile=""
Quasistationary ( DoZero
InitialStep=1e-2 Increment=1.5
Minstep=1e-5 MaxStep=0.01
Goal { Name="gate" VVoltage=0.4 }

)
{ Coupled {Poisson Electron} }
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