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Part I
Scaling of NC-FInFETs
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Motivation

= Study the scalability of FINFETs
within IRDS Device Constrains

Berkeley Device Modeling Center



Step 1: Build the Device using TCAD

Node Labeling (nm) m

Year of Production 2020
Gate Length (nm) -HP 18

VDD (V) 0.70
__________________________________________________________________________________________ Cch (fF/um) - HP 0.45
Process | DefineFin STISi02  PolyGate Spacer  Source/  Gate HKMG  BEOL | lon (UA/um) at loff=10  0.85
Step ! (tapered and Drain Removal ' .
. rounded) Epitaxy } (nA/um)
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Step 2: Calibrate TCAD Mobility and Series

Resistance to match Intel Lg=18nm[1]
[1]C. Auth, et. al., IEDM, 2017
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Step 3:
NC parameters extraction
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Lg 18nm FInFET & NC-
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| At Lg=18nm, NC provide ~30% on-current boost |
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Step 4
NC-FInFETs Scaling
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Simulation Results of Scaling

Theoretically, if we have uniform materials with
that a and B, this is what we may expect to see.

“gn  wgn @) “15" “10eq” “0.7eq”
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5| IRDS Target VDD (V)  [ROMY 0.65 0.60  0.55

OO O o085 091 08 092 08 076

0.86 093 064 051 041 031

8 lon of NC-FinFET(mA/pm) 1.11 1.17 097 0.92  0.75 0.60
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Drain Current (A/um)

ld-Vg

-
N

—— Lg=18nm_5 node T T T T T T T
—— Lg=16nm_3 node
—— Lg=14nm_ 2.1 node
—— Lg=12nm_1.5 node
—— Lg=12nm_1 node
—— Lg=12nm_0.7 node

NCFET

1

s = o =
N (<] [ o
Drain Current (mA/um)

-
o
N

o
(=

0001 f—ttomenoge ™7~~~ 3% _ 000
:Lg:14nm:2.1 node — == 110 g- g-
B4 L o ' 2 1E4
E —— Lg=12nm_0.7 node ] E -
1E-5 | 08 =~ EBIES
loe 5 B
- 06 @ =
1E6 | |5 31ES
04 O I=
BT | & SBaer
g 02 5 (@]
1E8Y | =7 ] 00 1E-8
00 01 02 03 04 05 06 07
Gate Voltage (V)

00

01

02 03
Gate Voltage (V)

Berkeley Device Modeling Center

04 05 0.

. .

o
N



Subthreshold Slope (SS)
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Drain Induced Barrier Lowering (DIBL)
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DIBL is improved by NC |
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Gm/Id & Gd/ld for analog performance
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NC-FinFETs have higher Gm & lower Gd
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NC achieves lower VDD

| 20181RDS” Node  |ECERINC: SR X R AR AR R L
------

IRDS Target VDD (V) 0.70 0.60 0.55

FinFET VoD needed to 0.70 0.69 X X X X
meet IRDS Target lon
NC -FinFET Vop needed 0.62 0.62 0.60 0.65 X X

to meet IRDS Target lon
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Compact Model Fitting, 16nm & 14nm
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Conclusion

= FINFETs and nano-sheet FETs scaling may
be extended by using NC.
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Part 11
NCFET Compact Model
Enhancement
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Improve the Convergence
with better Initial Guess
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Improve the convergence of NCFET Model

Qm is Sma||=>er(ering, Qdep)

_ nguess_sub_FE X nguess_inv_FE
nguess =

Qmguess_sub_FE
nguess_sub_FE + nguess_inv_FE

Qguess in subthreshold as in BSIMCMG

guess_sub FE + Qde p

Qmislarge: V; — v, —vep — P
In Hyper-smooth to 1 and —;

7
mguess_inv_

— . —
VFrE a(Qm + Qdep + erlng)

Convergence is improved by better initial guess in the inversion region. I
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Improve the convergence of NCFET Model
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Qms per lteration at TFE=2nm
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Qms per lteration at TFE=4nm
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G TERM
(DOMAIN ENERGY COEFFICIENT)
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Motivation

3 5 2 ap
E =2aP + 4pP° + 6yP> — 2gV P+pa

= Negative DIBL and negative drain conductance that
measurement data show [3] cannot be fitted without g term.

= G term was not included in current model (NCFETBDMC1)

[3] H. Zhou et. al., VLSI, 2018
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NCFETs Compact Model

Qms and gqmd Current Calculation

Unified charge Eq. Vy — v, — v¢p —
— @ + In(q) + In(q,)

Gauss-Legendre quadrature:

. _ (Vps
lps = fo qmdvch

n
~ Z dm (vch,i)wi
Landau-Khalatnikov Eq. i=1

3
= tFE[a(qm + dep + qfr,-ng) + ﬂ(qm + Qdep + qfring) + ]
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1.

2
3.
4

What isVZP?

dP
E =2aP + 4BP3 + 6yP> — 2gV?P + P

2
Consider 1-D:v2p = &£

dx?
P = Qg = Qiny + Qdep + ering
dZ_P ~ dz(Qinv"‘ering)
dx2 dx?

Use Qinv & Qfring at g=0 in (3)

Berkeley Device Modeling Center
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dZQInv
dx?

Evaluate

1
Qinv = —(B — Af)ﬁ

35F ——V,=0.6V, V,=0.7V i

Constants B and A can be evaluated using B.Cs
1At ¢ = 0,qmy = qis
2.At ¢ = 1,91y = Qidsat

20F
15} n
= B = (_Qis)
1lsoource Drain = A= (—qis)n — (_Qidsat)n
Along the Channel (nm)
dzCIInv A? (n—1) 1-2n
ag =— (B—Ax) n
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szInv

Evaluate
dx?
d? A’(n—1 1-2n =>B=(- n
CIIznv _ ( . )(B —AX) - ( CIInvs)n .
ds n = A= (—Gmws)" — (“Qnva)
2
At source side d;—;”’s ~ 0, thus only consider Qg4 in NCFET charge calculations.
. d?qiny (=D [(=qrnvs)" = (=qnva)™1? -
At drain side déz LIPS d - mvd, (= @mpg) ™"

dzCIInvd

—.z can beincluded in the Newton's method calculation

Since —q s is known,
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szfring

Evaluate .
dx
_ Ly —x
snlh 22 sn [
Qrringing = —Crrre {(Vpi — Vs1.) T + (Vpi + Vps — Vs1) —L}
. =g : —9
sinh i ] sinh [ i ]
h Ly — X [x]
d2Qprin i C S A sinh |5
RS = — S (Vi = V) —— 1+ (Vi + Vs — Vo) ——2)
sinh [79] sinh [79]
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Final Vre Equation

d? invtUfrin dP
(Q Qf g)_l_p_

= Vi = tpp [2aP + 4BP° + 6YP° — 29— - ]
= Where
Lg_x . X
dZQFring Cox Slnh[ 2 ] 51nh[I
- 0 = _ 2Ny, =V + (Vy; + Vps — Vo) —2%
dx? A2 ( bi SL) SinhlLTg ( bi DS SL) sinh[%g

« Where x=1;,, at source; x= L, — l;,;, at drain

dZCIInvs .
T~ a2 0 at source side

— dZCIInvd ~ (n_l)[(_CIInvs)n_(_QInvd)n]Z

agz 2 (—qnmpg) 2" at drain side
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Drain Current
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TCAD Fitting Results — Small g (5E-5 cm?/F)
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TCAD Fitting Results — Medium g (5E-4 ¢cm? /F)
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Small g (5E-5 cm?®/F) vs Medium g (5E-4 ¢m? /F)
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Drain Current (A/um)

Predictive Model up to g=1E-3 (cm?3/F)

TCAD Fitting Results
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is changed and
can fit TCAD data
up to g=1E-3
(cm®/F)

p- 34



Used as fitting model:
TCAD Fitting Results — Large g (5E-3 cm?/F)
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Summery

= Convergence of the NCFET model is improved.

= G term has been implemented in BDMC NCFET
Compact Model.

= Negative DIBL and Negative Drain Conductance are
possibly to be achieve with the help of the g parameter.
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Thank you

Any Question?
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