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Descendant of MOSFET

MG-MOSFET

SOTB-MOSFET

!

!

SOI-MOSFET

-
—
—

!
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Basic Device Equations

F 3 q¢
-Poisson:  V’¢p= —% (Np—N s+p—n) / ¢. electrostatic potential
n = n; exp Q(¢k_T¢n) {7
_ q(¢,—9)
=n, ex e
U 74 - ;' diffusion
é <
-Current Density: j, = — qu n 5+ gD, Vn 2
i drift
Jp= — Q!lpp}ii - quVp
Vin Vgs
. on 1
-Continuity: 5 G,—R,+ ?an =0 3 o
’ 1 It) = Io(t) + 5
étﬂ = Gp - Rp - ?Vjp = (solved by SPICE)
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Feature of MOSFET

Vds

1, ds (A)

S HiSIM
-~ measurement
Vis=0.0 = —1.5V
0 0.5 0 s 0 04 08 12 16

Ves (V) v, (V)
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Two Electric Fields in MOSFET

g: electronic charge
Current: leegnv | n: carrier density
v: carrier velocity

V,: determining carrier density
V,: determining carrier velocity
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q¢

gate charge: Q,

metal

\ l insulator

E.: MOS Capacitor

inversion charge: Q,

bulk charge: Q,

p type S|

'Fernﬂlevel

<—|nver5|on

ISIoNS)

depletion

Potentlal Distribution: q¢ Q. *q *q +q

[p-type Si]
tq +q +q *q

QISIOIS,

tq *q *q +q

DO

SISISIS,

@: N, (acceptor)
+q : p (hole)

Applied bias: V¢-Vy,
(V;,: flat-band voltage)

HiSIM Team’12 6



Poisson’s Equation: ¢ distribution

__________

2 I

L d* _ p(X) (Poisson’s Equation)
1
I

p(x)=qg(N,—N,+p—n)
N,-N,=n,-p, (neutrality condition)

p-n=p, exp(-f¢) - n,, exp(5p)
8 = o (P[0 1] n, [exp(5p)-1]]

J-agzs/ax(% £_¢j g { po[eXp( ~Bd) — 1] npo[exp(ﬂqj) 1]}

0 OX OX
_1]}

7 (Zij (qppoﬂj
q
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E : electric field in semiconductor
& ¢ silicon permittivity
S inverse of thermal voltage



Poisson’s Equation with Gauss’s Law

o

Surface Potential

/ i gs

VsV
Gauss's Law::rl_E_;X_é_o;_z_ £ _:g'_s_ ;_:Q_?;i Qs = Qp*Q;: space charge
T e 9 T

12
~0s=Cou (Vs - §) = \/ 2, ;Nsub {[exp(ﬂgé) +fp+1]+ %[exp(ﬂgé) —- B¢ 1]}
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Space Charge: Q.

- QS = Cox (V('} o q)S(y)): 28, ;NSUIJ [exp{ ﬁ(qls()’) Vbs)} + ﬁ(‘i)s(y) I/lr:'-s.) -1

{exp(ﬁ(qns(y) 0/(1))) = exp(B(Vos ¢’f‘()’)))}]
V6 =Ves— Vi @ quasi-Fermi potential

9 (0—Vge)
)8_ kT Ve
-4 *
N 15, -3 ' 2 vao Y
-TYPE Si(300K): Na= 4x10 Cm ? | | * >
107 VT
Strong Inversion Qi X
— Accumulation .
CT,ID-G,_ Fiy
5
e A
—
3 |
SO N ¢ ?
Em BAND ~lbs S
108 1 | WEEK
" /DEPLETION | INVERSION .
| > g
| Ei V
-10'9 | I.;;Q}'EIL_FI | | | | gS
04 0.2 0 02z 04 06 08 10

¢ (VOLT) solved iteratively

C. G. B. Garrett and W. H. Brattain, Phys. Rev., vol. 99, p. 376, 1955.
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Induced Charges

Qg:_(Qi+Qb):_Qs

Oi
! : O ! depletion  neutral
: | g region | region
i i Intrinsic Fermi Level -q  tq +q
! I
‘ s SIOIOIS
1
ags| | | g *q
i : 1
/A — . Fermi Level g @ @E @+q @
—»| / i«—channel (p-type Si) !
L OISAOIS,

Depletion Region
bulk charge:Q, = sqrt(Bg.(y))
Inversion charge:Q,=f(¢(y)) «—charge-sheet approximation

E>Surface-potential—based modeling
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Approximations

® Charge-Sheet Approximation

(depletion-charge approximation)

a few nm !

(channel depth << channel length)

S— ® Gradual-Channel Approximation: E,>>E,

Gate |
Source ﬁl I\ Drain
I ¢sl

¢50 |

no drastic increase

Two surface potentials determine all device characteristics.
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Surface Potentials

Source Gate Drain

t o Gate |
/ Source / N\Drain
ource | | rain
§/r : ¢5|
L by  Por P50 (#=Vys5)
(¢=0)
6
5
4
.
;ﬁ 3
3V <1V =2
1
.............. 2345 0 1 2 3 4 5
VgS (V) VdS (VY)
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Property of Surface-Potential Model

Ve
¢
Vs Qg d
? | . ¢ -y
o\ \ !
T x
. 0.
.
Vb
4 ) dO;
Ids=qL—I vQidy ‘ Q (¢) ’ Qk:a%
1 1 1 1 N
v= u E: velocity — = ——F + : mobility

Ho HcB HUpH HSR

The surface potential consistently determines charges, capacitances
and currents under all operating conditions.

HiSIM Team’12 13



Relationship among Device Properties

qﬁSL(at drain side)

‘}bsg (at source side)

accumulation conduction Lgate=5m
non-conduction Waate=10pm
0.15 —

—_

L

Q.

o

L

=

S

0

]

]

©-0.05

5 050 051 152 0l Lb— o

Ves (V)
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Basic Device Equations

-Poisson:  V’¢=— % (Np—N p+p—n)

/
n=n;exp Q(¢k}¢l‘l) §/ﬂr
_ q%,
D= n;exp q(¢£T ¢) |
i -Current Density: j . =—-qu nn% +qD,Vn i
i_ Jp_—Qﬂij,i—quVP i
- _drift-diffusion approximation 3
Continuity: 2" =G, - R+ 1vj, = %
-Continuity: ~ = On nt g Jn=0 2
ap _ l v,
gg—Gp—Rp— ?Vjp =)

® Gradual-Channel Approximation
® Charge-Sheet Approximation |:> reduced to surface potential ¢
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Current Equation under Drift Approximation

Drift-diffusion approximation

oWX=
h _Wﬂqndy V.-V,
I Vs gs™" b
I, dy =W ugnd¢ —

A
Hy)=¢ +V(y) o(y) My
Gauss'sLaw: £ ¢ =E ¢ =-Q. bolb=— - - — — -

V. -V, -4y Y
= ', _ o a S Di_’

00X

Q =qn=-|V_ -V, -4 -V(»]|C, + \/28 gN | 6, +V ()]

L Vis 4
I[dsdy:WyJQndV:[dsznyox{(V Vi Ve — st}
0 0

C

(©)

2F Su 2¢ C.T. Sah’s Eq.
Ebo—z%’ th_2¢B \/ : B}
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Problem of Drift Approximation

W~ l

lyo = H I Cox [ ( Vgs_ Vin ) Vs — ? Vdaz ]

A

Saturation region

linear
region

Ids

log(/ds)

Y

valid only for linear and strong-inversion conditions
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Current Equation under Drift-Diffusion Approx

I1,(y) = W;ffqyn(y)[—

L
[ds = J[ds (y)dy
0

dg.(y) W1 dlnn(y)j
v p dy
dinn(y) 1 dn(y)
dv  n(y) dy
Pl By, d¢,(y) _dn(y)
W/:effq:u dy dy

log(Zas)

—C, [V -0,(»)] =@, +qn(y)

Final Eq.: I /( Fl,u%” ) = Cox(14 BV ) (D1 - s0) - ﬁcox( b3 - P30)
2e_gN. 3
——g ‘/ 8; sub [(ﬁ¢SL—1)2 (Bogy —1)2]
2¢e. gN, 1
+ ‘/ = ; W0 1By —1);1 (BPsy —1)2]

ﬁsurfaee—potential—based model

—— o e e e

1
Vi )Vds = 5 Vs
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Universal Mobility

1 | 1 |
— = + +
Vds=o . 1 V Ho Hcp HpH HSR
T T ] I T | I
PH CB SR (x-2) _
300 L (%0.3) | Hce=CB0O + CBI Ll
@ ..
NE A 4 Hen (T/300K )PHTMP x E e TH!
200+ _
= ‘ (Nsub 1. DSEIScm ) eff
=
=) Lgate—l 5|,lm _ 1
= (Nsub=5.6E17cm ) Ler = £s; (NDEP X@
100 I ! I L1 ! + JVLMV)
3x105 53{105 lxlll]6 2x10° PHI1=03
Eefr (V/em) SRI=2.0
NDEP=1.0
NINV =0.5

Impurity c%entration e
_ | 289Ny _ _ _ _
carrier concentration ‘qu/Tb [exp{=B@s(») =Vbs) } + BOs() — Vhs) 11

carrier‘mvobility * ;—];E {exp(B(9s(») = 0:(1)) = exp(B(Vos — ¢1(1))) }]
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Two Electric Fields in MOSFET

Vs

v Ex (Vgs)

g: electronic charge
Current: leegnv | n: carrier density
v: carrier velocity

V,: determining carrier density
V,: determining carrier velocity
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2D-Device Simulation Results

Gate
Source JJ > Ey ‘ ‘ N Drain >
Y Ex
Bulk

Approximations

® Inversion-Layer Thickness ~0

S lid for | h |
® Gradual-Channel Approximation vailatoriong channe

2D Poisson’s Equation

Vi = jif)z - 51@ : solved analytically
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Channel-Length Modulation

Gate Vi
0y | |
Oi - - £l
Wy Ey>Ex Drain 8; ' e
! X S| ...:me S =
Egieggl-Channel —><—ALa| Lgate— 10um T

- PsotVds 0 04 08 12 16
dsr, @s(AL) Vas(V)
?s0 S
NoaubWq+ O;
S‘;Edsz_q sube-d Qly “
S1 S
\\'\J\u e

log g,

E(AL) — E(O) 2 2 4 qusub S i
AL = €s; sE(AL)* = E(0 ds(AL) — 9s(0
1 qjvsub+ QI/Wd ( ) ( ) ( ( ) S( )) Lg‘dtc= 0nm
?5(0) = Pst _ 0 04 08 12 16
Ps(AL) = CLMI (¢80 + Vas) + (1 — CLMI) ¢ s, VyV)
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Short-Channel Effect

e ) B D A 05
e Gauss Law: _ Eldx+JE2dx+fEd——fd
Ly c” p esi

Exdy + Wa ( Ey2-Eyl )= (Ob +£gii) dy Origin of SCHs
om0 i )|
dey _ (Ob i * AVipse = ~Lwd—2,
Ex + Wy & &S th,SC ~ d: dy :

de,  2(Vbi - 2®B)
dy  (Lgate - PARL2)®
(approximating a quadratic potential distribution)

M. Miura-Mattausch et al., IEEE TED, 48, p. 2449, 2001.
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Model Extraction for 45nm Technology

lds (MA)

lgs (MA)

e IWg/LIg:Z;,l'mIZO'On m '

Ve =0 —-1.2V (-0.3V step)

o 02 04 08 08 1 1.2

Vgs (V)
Vs =0.3 — 1.2V (0.3V step)

0.6

]
0 02 0.4 0.6 0.8 1 1.2

IIIIII‘ds [V]

W,/Ly=2pum/40nm

Vps =0 —-1.2V (-0.3V step)

02 0.4 0.6 08 1 1.2

Vds [V)

— Measurement

— HiSIM2

one model for any device sizes without binning
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Current Derivatives for 45nm Technology

W,/L =2um/40nm

/ m
. .ds. - 0.4 ; ; g : + 20 10.0
> oz i
E 0.3 | ‘o 50|
o |
e} 0.2 | D
01|
I 8
_UG'J D1k 5.0
Q L -1.0 -10.0 L VY,
o 22 24 Qe Jd&8 1 12 ] 22 24 d8 J28 1 1.2 4] ] nz n4 06 03 1 1.2
1.2 2.0 6.0
a Dol 15 { ao0}
~—
1l DG 1.0 4 2ol
[72]
f 03t 0.5 a
0 0 =N B3] I —— B0
02 04 0B 08 A1 TE a0 04 06 03 10 12 o onN® 04 0O OR 1 17 7 o0or 04 06 DB 1 TE
>
Vgs (V) — Measure

— HiSIM

Beyond the 45nm generation nonphysical effects are getting obvious.
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Extraction for Nominal Chip

predictability of variation for impurity concentration

W /L;=10pum/1um

20 FE
L 2

10l FFC o
9 *5
e 0} mxtracted —
5 CCC &
-]

10k

_20l® HiSIM Prediction SSC™ o
(a} | | |
-10 5 0 5 10

AVin (%)

Aly, (%)
o

W,/L,=10um/0. 1

] | ] ] | ] ]
L E_Extracted —
CCC.H® x
- E -
"3&\’
| & HISIM Prediction SSC ¥, ]
{b]l ] | 1 | | [ ‘
-20 15 10 -5 0 5 10 15 20
AV, (%)
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Requirements for RF Applications

v'Harmonic Distortions
v'"Non-Quasi-Static Effect

v'Noise Characteristics

» 1/f Noise

 Thermal Noise

* Induced Gate Noise

» Cross-Correlation Noise
* Shot Noise

G
S T D
T == = = L4
_$_/ \_$_
l-:Iss
|
B
E*A
] A
E—
B
< T
: 1
T

o2 3 Tl

* Junction Noise

10-19

1/f Noise
Induced

102}

Sid (A*Hz)

-
-.__-
—

Thermal Noise

104 L—— b

Gate Noise |

[ (mA)

10° 107

f (Hz)

10

10°
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Features of Higher-Order Phenomena

1/f Noise Thermal Noise Harmonic Distortion
10‘16 v y ' v 1.2 T T T T T T T -4
L,=0.46um 10
£ 1L vilg=01ium - Vgs=0.8V 4 @
17| - m L =0.17um —_— =
10 5 A0 igum T Ves=10V 2
f— O + Lg=0.3um g— 10 b_--7
N = e :Lg=0.5um v b
NE 1078k 8 0.9} h Lg=1.0pm = ©
< O 0s é /)
()] O = - ,’J
@ 19 HiSIM .g s 10 1)
107 o V,=02vi = o7f
e =086V
° Vw12V 085204 06 08 1 12 14 16 10" S SF—
1'3'25,2 04 06 08 1 12 R < T 0O 02 04 06 08 10 12
V. [V] Vas[V]
gs Gate voltage (V)

» No model parameters are required.
» Features are determined only by |-V characteristics.

uys

Electrostatic effect is still dominating.

g

Surface potential is important.
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Feature of Potential-Based Model

Current Equation: | = gnuE

All physical quantities are function of surface potentials.

1l

Solution of Poisson’s Equation

v Important RF characteristics are originated by
the potential distribution along the channel.

v'I-V characteristics reflect all important RF properties.

v'Accurate parameter extraction for I-V characteristics
is important.

S. Matsumoto et al., IEIEC T E, E88-C, p. 247, 2005.
S. Hosokawa et al., Ext. Abs. SSDM, 2003; APL 87, 2005.
M. Miura-Mattausch et al., IEEE TED, vol. 53, 2006.
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Advantage of Surface-Potential-Based Modeling

« Equivalent Simulation Speed to BSIM4.
Source code (HiSIM2) is shorter and simpler.
» Applicable for Structural Modifications and Materials:
Poisson’s equation is valid for any type of devices.

* SOI-MOSFET
* HV-MOSFET
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SOI-MOSFET Modeling: HISIM-SOI

many possible conditions

G

TFOX

TSOI

* Partially-Depleted SOI
TBOX

* Fully-Depleted SOI
Nsubstrate \
Body

[- Floating-Body SOl

00—

- Body-Tied SOI
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FB SOI-MOSFET

Poisson’s Equation + Gauss’s Law + Boundary Condition

Qi + Qdep + Qb,SOI + Qs,bulk

Vfb ¢s Sol -
CFOX
¢b Qs,bulk
sol — s bulk ~

CBOX

1
Qs,bulk + EQdep
s SOl ¢b sSol - C

sol

All charges are functions of three potentials.

Three surface potentials are solved
simultaneously by iteration.

floating potential

no other possibility N. Sadachika et al., IEEE TED, vol. 53, 2006.
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Potential[V]

Potential[V]

Smooth Transition

among Conditions

SOl BOX : Substrate
=
T
§
oY

0.5}
Depletion
Depth

on

Devicel 150 110 PD

Device2 50 110 DD

Device3 50 50 DD

Device4 25 110 FD

SOl BOX §Subs'trate
1 : :
054
0
0.5(
Accumulation
Depth
SOl i BOX i Substrate
1 : : -
051
0
05 ‘
Inversion
Depth
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T5o=150nm
Tgox=110nm

CgglF]

CgglF]

1.6e-14

f.4e-14
1.2e-14 |
te-14
8e-15
6e-15 |
4515 |

2e-15 |
Tgo=20nm ¢
Tgox=20nm

t.6e-14

1.40-14 |
t.2e-14 |
te-14
8e-15 |
6e-15 |
4e-15 |

2e-15 |

C-V Characteristics
- HISIM-SOI

-

— DEVICE1

0.5 0 05 1 15 2

Vgs[V]

.

W

DEVICES |

-1.6

-0.5 0 0.5 1 1.5 2

Vgs[V]

CgalF]

CaglF]

1.6e-14

14e-14
1.2e-14 |
1e-14 |
de-15
Ge-15 |
4e-15 |

2e-15 |

0

1.6e-14

1.4e-14 |
12e-14 |
Te-14 |
8e-15|
Ge-15 T
4e-15 |

Ze-15 T

——: 2D-Device Sim. Tgox=110nm

™. DEVICE2

- —

-2

-1.5

-1

0.5 0 0.5 1 1.5

Vgs[V]

\

e e e—

DEVICE4

-2

-1.&

-1

0.5 0 0.5 1 1.6

Vgs[V]

2

S. Kusu et al., IEEE SOI Conf. 2008.
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1/f Noise Characteristics

1.4} MEDICI
V4s=0.1V

*

12T v, =0.5V 4

1.0} V=1.2v
0.8} HiSIM-SOI
0.6
0.4
0.2

Q| [10"c]

bulk-MOSFET ------

0

vgs-vth [V]

High current density of SOI-MOSFET

0.5

Sit [A°Hz]

High 1/f noise intensity of SOI-MOSFET

Lg=1 Lm
Wg=1 nm
TSO|=50nm

10

—
o,

-17| SOI-MOSFET ——

bulk-MOSFET -----

Vgs=1.0V

-
8]
T
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Impact lonization

Impact lonization:

Isub

* Include accumulation charge Q,, in the Poisson equation

* Increase the surface potential ¢., 5o

* Increase the inversion charge Q, according to V4 increase

20

Lines:HiSIM-SOI
Symbols:2D-Device Sim.

With Impact lonization

00 0.5 1.0

Q, (1014 C)

1.8

16
1.4
1.2
1.0
08
06
04
0.2

0

0 0.5 1 15 2
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Floating-Body Effect

Q* Quep + Qsor + Qupuc HQ))
CFOX

Poisson’s Equation: V -V, =, o, -

& sop IS strongly influenced by accumulated charge Q..
symbol: 2D-Sim.;line: HiSIM-SOI

-0.2 bulk
’ SOl
— ° p— ¢s.bu|k
2 02 W/O Impact lonization
© _
‘E Tt L lll II%SOI
2 ‘
o : &
’
'.l...l..l.l.l.. ¢SSOI
1.2 : ' -
0 0.5 1 1.5 2
vds (V)
@, so reduction change from FD to PD

T. Murakami et al., JJAP, vol. 47, 2008.
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History Effect

lg [MA]

Transient Characteristics of the Floating-Body Effect

T,: Time constant of Q,, accumulation

400 — 450
350 | i 400}
300} _ 350
<C
250} =, 300}
e
200} Vg =1.6V~2.0V- 250} Vg =1.6V ~ 2.0V
150F | Body-tied | 200r Floating-body ]
100 ) 250l Wy
16° 1G° 16 16° 1G° 16*
Time [s] Time [s]

H. Toda et al., SSDM 2010; S. Amakawa et al., JJAP, vol. 50, 2011.
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Transient Id(t) [uA]

Sweep-speed dependent 14-V

40

35

30

25

20

15

10

Tsoi=40nm Tbox=145nm
Vgs=1V Vbs=0V

A
)
A
A
A
N
a
A
/A

Q0

AAR VWWWWNVWWVWWW A“:

2D-device sim HiSIM-SOI ]
dV/dt = 2VV/1sec ©

dVv/dt = 2V/1msec
dV/dt = 2V/1usec

06 08 1 12 14 16 18 2

Transient Vds(t) [V]
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l4-V4 Comparison with Measurements

— Mmeasurement
— HiSIM-SOI

00 05 10 15

wrl TE4+M

V = -1.5V

vd [E+0]

00 05 10 15 20 o 05 10 15 20

V = -1.5V V= -1.5V

wrd TR

b= -1.5V
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-V, Comparison with Measurements

1E3y

18
1E8§
tE-10}

IE-12 : : :
00 05 10 15 20

vg [E+0]

1E-2
1E3}
1E4T
1E5}-
1E6}-
1E.7
1E-8
1E9¢
B0 bbb

00 05 10 15 20

vg [E+0]

V=15V

=5 828

00 05

W/L=10um /1lum

Lin

V,,=0.05V

Iaﬁlligllhﬂ
vg [E+0)

[=1=T A -

vy [E40]

V=15V

agm

V,,=0.05V

ﬁl Ogllaﬁllﬁgllﬁﬂ
vg [E+0)

.d héllHﬁ"HS"ﬁﬂ

vg [E+0)

V=15V

=N
T

N — R Oy
T

vg [E+0]
|
105
5L
o
1S SO D
00 05 10 15 20
vg [E+0]
V4 =1.5V

S3E8ouses

S ¢ il vhstbbtt bbbt

s88scsBEe

ﬁllhgllaﬁllasllﬁﬂ

ﬁ"hS"Hﬁ"Hélléu
vg [E+0)

V=15V
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l4-V4 Characteristics as a function of Ngg,
Wg:0.25mm, Lg:0.15mm

Ngo,(cm3) = [ '1.0e16 " 2.0e16
15'0: 15{):.
ﬁ 1003" ﬁ 100;- ﬁ 100
505-
I IE.O %.O - I0.5I - I1.ﬁl - I1i5l - IE.O 20
Vds
N [72]
° o
I |2.0 0.0 Oj5 1ﬁl - I1.5I - |2.0 20
Vds
100
C 2.0e18
BQ_—-
» B ol "
° S ¢ ©
40:.
2.
i Q_ I : o S R
20 0.0 05 in 1.5 20 I . 20
Vds Vds
enhanced floating body effect with increased Ngg, Partially Depleted
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Potential Distribution in Thin-Body MOSFET

device surface

. 4

insulator

0.95

09t I:> Insulating Substrate ]
— 0.85} " - —
> 2%
_g 0.8 \\ ............ Tsi=25nm ——— i
5 “ R TSI=5Onm .........
O 075} el Tsi=100nm ====--- 1
o

o7t L TTeeeellLL. ®

0.85 25 50 100

depth[nm]

Back surface potential is strongly dependent on Tg,.

consistent solution of Poisson’s equation
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Device 4: Thin-Body SOI-MOSFET

back-gate bias V,, dependence

1.2

=
00

Vie= -1.0, -0.5, 0, 0.5 1.0V

Surface Potential (V)
o
NN

Or Line : HiSIM-SOI |
oot ~Symbol : 2D-Device Simulator ;
A 0 1
Vgs (V)

Strong V,, dependence is used for V,, control.
(e.g. Y. Komatsu et al., CICC, 2005.)

HiSIM Team’12 44



HISIM-DG: A Part of HISIM-SOI

carrier concentration
V=1V
V4 =0V

gate

T,=10nm

gate

1.0E+18
p—
B 1.0E+17

T=20nm

gate
gate

T,=40nm

gate
gate

Electron (#/cm3)

Potential (V)

TSi

2D-Device Sim.

T.;=100, 40,

The charge-sheet approximation is no more valid.

o 20 40 ‘60
Normalized Position in the Si Layer (%)

80 100

Body potential is floating.
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Potential Dependence on T, and N,

0.8

Gate
.¢ Oxide
S0
To
Oxide
Gate
T T T 08 T T T
Nsub=1e17 Nsub=1e18
uu-u-u-a-nwy 0.6 | P
',l
»
T 0.4 f .
T ST 02 -
N
@
- T=10nm | < 0T — T=10nm 7
T=40nm T,=40nm
Lines: HiSIM-DG 027 Lines: HiSIM-DG
Symbols: 2D-Device Sim Symbols: 2D-Device Sim
| | 1 _0-4 1 1 1
-0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
Vgs (V) Vgs (V)
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Capacitance (10-14 F)

05 |

C-V Characteristics

N, ,=1e16

T=5nm

Model

e 2D-Device Sim. °

0.0

Model
2D-Device Sim.

0.5 1.0 1.5 2.0 2.9).5 Ol.O 0j5 1 iO
Vgs(V) Vgs(V)

Reduction of T has only a small influence
on the capacitance characteristics.

1.5 2.0 2.5
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HV-MOSFET Modeling: HISIM_HV

Laterally-Diffused MOS High-Voltage MOS
L gri Lri L aritt

Gate < — > <« 5 Gate<e———>
Source I Drain Source T T Drain

Lchannel l'-chanm-:-l

P
P
asymmetrical symmetrical

High resistive drift region sustains the high voltage applied.
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High-Voltage MOSFET Characteristics

low resistive

high resistive

2D-Device Simulation

Iq [10-4A]

 Vds=15V

||||||

gm [10-°A/V]

| 4.0
| 3.0
| 2.0
1.0/
0.0l

| 4.0
| 30l
| 20|
" 1.0

H
¥
urw
* 0.
*
. -
- -
nbe -

m e ]
HERS I
IR e -

| [ ]

] ] ]
- - . " L |

. . L ] !
- o.'..'- »

-
H *N&’ ]
Z . . . n

0.00

Cyg [fFlum ]

;;;;;;;

memmnIIEARAARSSATILD |
. o

-------
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HISIM for Bulk-MOSFET

solving the Poisson equation iteratively

Source Gate Drain
dso . @t source edge

T gsL . at the end of the gradual-channel approx.

AL) : at drain edge (calculated from
v dso Do ds(AL) ge ( )

Beyond Gradual-Channel Approximation

Gate Drain

l

O e Channel-Length Modulation
Pi’d e Overlap Capacitance

Gradual-Channel —bi—z’lL—P{ 1?55
ot Vds

ds (AL) for HV-MOSFET ¢s(AL) = ¢s.

Pso
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Extension of HISIM

Gat Solid Line: with Resistance Effect
Source * Drain Dashed Line: w/o Resistance Effect

Gate ; e
Drain 002 4 6 8 10 12 14 16
L Vis [V]
Drift Region 10 ———————————————
Gradual-Channel v T Vgs=15V = = = - o7
D 8 Vg=9V ==~~~ Ll
Vige= BV = = = = -7 i

HiSIM |
2 0 2 4 6 8 10 12 14 16

Vs [V]

The resistance effect is modeled by the potential drop.
The innternal node Vp is solved iteratively.
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las [A]

0.0014

0.0012

0.001

0.0008

0.0006

0.0004

0.0002

Comparison of l4-Vy.

e : 2D-Device Simulation Results
— : HISIM-HV Results

0 5 10 15 20 25 30
Vds [V]

0.0001

1e-05

Jas [S]

1e-07 |

1e-08
0

Quasi-saturation behavior of LDMOS

1e-06 |

‘:5 1I0 1l5 éO 2I5 30
Vds [V]
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Comparison of Potentail Characteristics

2D-Dev Sim. HISIM LDMOS

4

E Vd5—1 OV - Vd5—1 OV
= 2
2
(7))

< | |

0 20 0 20
Vgs [V] vgs [V]

_ Vgs=3V | | Vgs=3V |
j . o
=1t ] ]
w . 4

= .

0 10 20 0 _10__ 20
Vs [V] Vds [V]

resistance effect: suppression of potential value
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Impurity Concentration Ny, Dependence

Narift=1017cm-3
) J
Line:HiSIM-LDMOS
4.0f symbol:2D-Dev Sim.

3.5} /

< 3.0} Vys=15V
S 2.5t
— 2.0}
< 1.5} :
" 10| Vas=3V |
0.5} p
002 8 __12
Vgs [V]
Ndrift=1016cm-3
04} Vds=15V
_ 0.3}
<
E
__130.2-
0.1 Vas=3V
© Symbol: 2D-Dev Sim. |
0 _ Line: HISIM_HV
0 2 4 6 8 10 12 14
Vis [V]

0 2 4 6 8 10 12 14
Vs [V]

0| Vgs=15V

Vgs=3V
o R N N P T

Vas [V]
Vgs=15V 2
V=3V

Vs [V]

% 246 & 10121

4

| Vgs=6V o —

Vy4s=9V
0.0 Vds.=15\.’A . .
15 10 -5 0 5 10 15
Vgs A

Vd_;,=6\i o —

0050 5 0 5

Y. Oritsuki et al., IEEE TED, 57, p. 2671, 2010.

10 15

Vgs vl
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Important Device Characteristics

Gate
Source Drain

Vg =V —AV
=V = Ryitt " lgs

n- Drift Region Vdseff" Drift Region n-

Vbseff\ P ¢ 2D sim.

Bulk —— Cui HiSIM
HV MCl)SFET LDMOS

las [mA]

\ (asymmetric)

las [mA]
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Modeling Resistance Effect

Model the drift region as an independent resistor
with the potential drop : Vp-Vpp

G

DP

Channel

i |

1 : R . p

'S I DpP it p

o— —o— WA

l._________________.! Sub
HiISIM Power MOSFET Resistor

R. V. H. Booth and C. C. McAndrew, IEEE TED, 44, p. 809, 1997.
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Resistor Model Including Velocity Saturation

DP D
- -
<>
Lrift
Xres 3.0 T T T
n Symbol: 2D-Dev Sim.
Line : HiSIM_resistor
0 2.5f w/o carrier increase
20 Larit=2pum
Sub -
<C
W - X S Vsat=1e10cm/s
Iddp_ reS,q,n.lu.Vddp %1_5-
I‘drift S
1 = Ho 101
E(=v
1+ luO ( ) os5p » -7 I \l
Vsat ) ,;#" : vsat=1e7cm/s :
L L L 1 L I
Ve . 0 5 ' 10 15 20 25 3Q
E = > N = Ny ST Vias VT T Toc .
L it ddp [V] focus

- The velocity saturation model is responsible for the I-V characteristics.
- The simple resistor model cannot reproduce the quasi-saturation behavior.
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Carrier density is not a constant.

n=N,., {1+ A(ﬂo _y)} : mobility reduction

e 2D-Dev. Sim.

= HiSIM_HV with carrier increase
- N 1+ RDRCAR -E [1 _ ij 0.4F— HiSIM_HV w/o carrier increase
— " Vdrift
Ko
(RDRCAR : parameter) 3 0.3}
E
S 0.2 Lari=2um
Iddp :W'Xres'q'n'lu°E = W=1um

Nyris=1e16cm-3
Nwei=1e15cm3

0.1
E = % Xres=21LM
drift
Velocity saturation model Oy = 70 15 20 25 30
4, Vddp [V]
e o E (L) Vmax - Parameter)
1+ 22—
v

max HiSIM Team’12 58



Modeling of Overlap Region

Overlap Region

modeling
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Current Flow in Overlap Region

V4=15V V.. =0V current path V, =3V

- Depletion diminishes by increasing V.
- Current-flow width x,, is dependent on bias conditions.
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Modeling of Depletion Width, W

Depletion width in overlap region

W = 2‘S.si (Vdps - s_over)

dep ~—
qg- Ndrift

Depletion width at junction

W B \/28$i (¢bi +Vdps _Vbs) ) Nsub
junc q Ndrift(Ndrift + NSUb)
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Modeling Current-Flow Width X,

X, = W, - A[&Wd + MW. j
D ep L junc

Xdep X

WO = \/I‘over2 + D, ’

junc

D, :Junction depth
A . current exude coefficient into
depletion region

G
i < Idd
g Vddp

Rdrift — . .0-Nn-. "
3 - /y;(/ : Iddlo =W X, 0N Ly L
- drift
T
Vddp
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0.8 HiSlM.HV ' I Iﬁrift‘= 2um HiSll\;lTHV . — Lgrift = 4um 3
used for .8 -2D-Device Sim.e 06 | 2D-Device Sim. e 4
Parameter Extraction { | Vge=3~15V
06"
< | < 04}
E E
=] 04:' J ye) L
1 0.2}
0.2+ \ e \
0 - e —— o I '
0 20 40 60 80 100 0 20 40 60 80 100
Vs [V] Vids [V]
HSM_HY —  [Coam=6um] HISIM_HV =]
06 | 2D-Device Sim. ® 06 | 2D-Device Sim. ® _

i Vgs=3~1 5V

L Vgs=3"'1 5V

< 04 T 04
E E
= =

0.2+

0020 40 80 80 100 0 20 40 60 80 100

Vs [V] Vs [V]
Model can reproduce the L, dependence.
A.Tanakaet al., [EEE TED, 58, p. 2072, 2011.  isiM Team'12 63



Thermal-Network

l4s [MA]

Self-Heating Effect

80
70
60
50
40
30
20
10

Temp

’dsvds Rth

— Cun

éelf-Héating Effect ——

Rih=1[K/W]
Vgs=5 10 15 20[V]

10 15 20 25 30

Vas [V]
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HiISIM Research Center

http://www.hisim.hiroshima-u.ac.jp

[Future Scaled MOSFET (<30nm) Technology J

*HiSIM-SOI
*HiISIM-SOTB
*HISIM-DG

[ High-Power Technology ]

iISIM-HV : 1st CMC standard version in January 2009
*HiSIM-Diode
+HISIM-IGBT : Used by Japanese enterprises

HidiMm

Hiresnima university STARC IGFet Modet

[ Flat-Display, Non-Silicon Substrate Technology ]

*HIiSIM-TFT

[Mai‘n—Stream CMOS Technology

Integrated Electronics Based on Organic MateriaISJ

1st CMC standard version in

April 2011 *HiSIM-Organic : University project

|\ Integrated Optoelectronics J

[ MOS Capacitances ] +HiSIM-PD

*HiSIM-Varactor
HiSIM Team’12 65



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	スライド番号 49
	スライド番号 50
	スライド番号 51
	スライド番号 52
	スライド番号 53
	スライド番号 54
	スライド番号 55
	スライド番号 56
	スライド番号 57
	スライド番号 58
	スライド番号 59
	スライド番号 60
	スライド番号 61
	スライド番号 62
	スライド番号 63
	スライド番号 64
	スライド番号 65

