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-Poisson: Vie=- % (Np=N,+p—n)
be ]|

— q[{j'_'?"n}
n= H1 exp—kr
p = n; exp el ¢kE}: @)

: . i
-Current Density: J/,=qun~—+qD,Vn

logifas)

.Jillp == '?JU I::..r-;"-li = Q’DF?;}"

-Continuity: [(t) = Io(t) + %:Q
( solved by spicE)
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/
Gauss E, &, = Eqes =—Qs D (y)
V. -V, —¢ r
g beOX (y) e, =-Q -Q I Vo VsV

Q,=an= [ —Vip — @y — ( Cox + \/2555qNsub [¢o +V ( y)}

Vds
j | 40y =W p I QadV )| = ,uvl\_/ C, [(vgs—vth )Vds—%vdsz}

\/2 ES| qN sub 2q)B

Vi, =20, +
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Poisson s Equation + Gauss' s Law

Con (V= 95(3) = % [exp{—BOs(x) —Fis)} + BIS() — Vo) — 1

t

+ f (exp(B(%5() - 9(»)) — exp(BFos — B0)}]
pl)

LEMESENY : CarrierlREARIRRELFL (o718
R = N exp ﬂ% gais

Mol Ppo = n, Mu'-.'-: Action Law

B 9 - E;T In ( "‘”'f'j 20,

LEVMESEHET mo/po QIBIZESBTE S

|
{'nx(pé_gd:.ﬂ} = EE___?;HE [ﬁ (295 ) - V) - []E

B Vi=Vp+2d,+ Y [B(20s)- Fo)- 1]

Y= II% /c,, :Body-Effect Coefficient



D o
_AVth |
V
-0.2 |-
— -—: Charge sharing
B e: measured
- : naw model
'ﬂ-d s
| | | L
8] 0.2 0.4
Leff / m

charge sharing
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2 charge-sheet
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Gate
souce ) L |‘ X Drain”
v YEx .
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Poisson's Equation

vy dEQ d*Q
?qu ] d X2 “: "l"'
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(1) V- Loae 14
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0.15 | (111) Subthreshold Swing
E ] | I 1
.__;E 0.1 L | 04| |
0.05 | | .
Fds= 50mV 10-6 |-
ﬂ : + =
Hee Lgate [um] " < 109}
(1) Body-Effect Coefficient S|
0.3 ]
021 ”Tm: Vas= S0mV
10-14 ' : 1
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Vs (V)

(V) FLA L EEEKTF
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EFvrrILOGE

2 qN,, , 1
Vi = Vp + 2y + "ITb [Co [ B (20g) = Vo) = 1]

e 745/ AT—MiEIE
e Short-Channe | Sh 2D RIE+ U

EEI
104

12
10 /_\\
I L =0.0

LELMEREETD 3 | RS

F—pk--arvbkOo—)L gl. T Tt T ey
- - -:unlryllﬂ-ll
Normalize 4 I ! I , |
o .2 .4 B a ]
FKLDDT}'

M.Miura-Mattaush and H. Jacobs, Japn J. Appl. phys., vol. 29, p. L2273, 1990,
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B
Gauss's Law: I Eyldx + J- Ey2dx jE\:ﬂ}" Igudy

( Ob 1 dEy (Ob+ Qi)
Exdy + Wa( Ey2-Ey] ) = Q Egl Ex + F'F’dm:—= E‘gi
£ dEy
AWVnsc = {,3] Wy =
0x ¥

RT ooy L% 2 RE#EEL
dEy 2(Wi - 20p)

2P
dy  (Lgate - PARL2)? (SC1+8C2 x Vg, +SC3 B
E,E'E: r 4=

Lgate

)

PARL2, SC1, SC2, SC3: BTNINTG I B
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BE: F¥yRmILITIo=ZTFYY

¢ Retrograded Case: Impurity Pile-Up
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0.4f
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Lyge (UM)
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050F ¢ &
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= Dd0p o B o

' - »
030} -

Fhs = 000 = 1.5V
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Retrograded :

Vbs=-2.0V ;
Vbs=-1.0V ] _.
] Lga{ﬁﬂ.lﬁpm )
0.20m ]
0.30um ]
0.50pm °

Vds=0.1V 1 028 vas=0.1v 1.00pm ]
[:l.'l i et
Lgate (um) Jbs— Vs (VV)

M. Suetake et al. Proc. SISPAD, p.207, 1998,
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Vertical Profile

o

n
n
m
A
N
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E X
retrograded I £ Of
. . [ : -0.

-:::G

Impurity Concentration 11017 (em3)
I

| homogeneous

™ retrograded

T —

002 004 008 008 O 05 1

Depth (um)

1
Vi = Vi + 2@+ Y [B (295) = Vo) - 1]

2e_gN

\ bs-Vbs |

<

Y= —5 ~sub ,."f_"m : Body-Effect Cocthicient

B

H. J. Mattausch et al.. Appl. Phys. Lett, 80, p. 2984, 2002,
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Pocket-Implant
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@ @ Lateral Profile
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PRITTINA AL ZTaAL— 3 0R

o

|

Nsub [x10" ecm™]
N

5
4
<+— Source Drain —»
with pocket "
y mmee w/o pocket i
E ':
A
_E_

Lch

r

L
[

Position (um}

In(carrier conc: n) (a.u.)

ne: with Ngybe (non-pocket)
npoc: pocket implant
np: With Ngybp (pocket max.)
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Simplified Pocket Profile

5| Nsubc

Nsub (x10"" cm™)
n

-
L

i i Lch i i
0.2 0.4 0.6 0.8
Position in the channel (um)

LEMEREFRE2F vy RILAFY ) 7RETRED,

Nay = Leh = Nith
Leh-2Lp N 2Lp
Ne Np

D. Kitamaru et al., Proc. SISPAD, p. 392, 2001.
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e Jn,. eThp
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Ne T+ v/ Hhetlp T ﬂf’ < Source Drain-

Surface potential [a.u.]

—— high Ve
""" IDW vds
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Nsub (x10"" cm™)

a3

on

=]

{l.ﬁl]_.
0.50
0.40
: - : : 0.30}
0.2 04 06 0D
Position in the channel (um)

Extracted Pocket Profile

H. Uenao et al,, IEEE Trans. Electron Devices, vol. 49, p. 1783, 2002

HiSIM
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- 4 - O——
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- A A
- O by = ]
A e 8
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i S |
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]
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H. Ueno et al., IEEE T ED, 49, p. 1783, 2002.
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RF

LNA =p BPF =p Mixer =p BPF =p Mixer

Y 1 t 1

e

oy

IF o

BPF == T/R SW PLL PLL %
-

=

f A

PA <= BPF == Mixer e Modulator «fe==

1.High Frequency
2.Noise Influence
3.Non-Linearity
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PLL

Time-Domain Analysis Frequency-Domain Analysis
2 : : : : 2.5 104 T T r
L5 i~ 2 10
= ]
% . Izl 1.5 10%
a &=
= o 4
B - 1 10%
> 05 1 Fourier Transform g
(7p] 5000}
o i 1 L L 1
0 0.2 0.4 0.6 0.8 1.0 o, k L
TIME[nsec] 3.0 60 9.0

Frequency[GHz]
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Non-Quasi-Static

2.5 ey
5ol Lg=05um - HiSIM-QS

5 . — 2D-Device"
15 @ o Vgs A
~1.0 L | S | -
E, i t f ; ;
~ 0.5

0

05 v v
_ 1 1 * 1 L L 1 1 L "'\-"’" L 5‘ M .5
1057300 200 300 200 500 600 700 v i~ <0 30

Time (ps)

time (ps)

Quasi-Static Approximation: spontaneous carrier response
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95'

107 b b
1.0 - .
Lg=180nm fr
08 . R
10} - ;
':-‘-?Dﬁ __________________________ “~.:\.'L
s | Cog i
8 = {:}.4 == LES + [’_gb : "'\-IIII,I'
10°%] L -ce N
’ 0 ; | 10 - 12
101? source . ‘ 1{? 101 10

Position (nm)

T.Okagaki et al., IEEE EDL, vol. 23, pp. 154, 2002
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NQS

PSP: Channel Segmentation !

HISIM:
10°
o
Gate 3 g
S S -— @
Source ,J' Drain % 1o é
— o
< = <Q
T a =
5 0 &
. | O ] y,=1v
T: Carrier Transit Delay 1 : . . . .
] 5 10 15 20 25 30

(function of surface potentials) Time (ps)

N. Nakayama et al., IEE Electron. Lett., 40, p. 276, 04. T :channel /
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Drain Current (mA)

0.4

0.3

0.2

0.1

— 2D Device Sim.
— HiSIM-QS
— HISIM-NQS

D. Navarro et al., IEEE TED, p. 2025, 2006.

20 30 40

Vgs=1.5V  rise/fall time = 20ps
T T PR 0.6 T
— 2D Device Sim. _
| — HiSIM-QS ., <
— HiSIM-NQS E 4
1=
1 -
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i O oz
=
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MOSFET

Flicker Noise

Sid[A*/Hz)
S

Sig=1igs? | f

Thermal Noise

104 e
10 1000

10° 107 10°
r [Hz]
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, Low pass | | High pass
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DC Source
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E> Low pass ||

N U
Gate Filter

Open B De-
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Meas embedded

U

Extraction

Prober Station Shield

HiSIM2 85



Sig [A2/HzZ]

1/f

[RIE fiE] [ ]

107 | G |
1016 ., .
- 1/f Noise OAN o Sio2

17 S .
10 ' . | —y .-}WH\}\‘} D ¢
10°® IA h ald
107° ™~ iJ

10°%° .
1 10 100 1000 10° 10° Origin: SAN
fHz] +

oy

t=& ZId : K. K. Hung et al. IEEE Trans. ED, 37, p.1323, 1990,
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Monte Carlo
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ﬁﬂ] i |
1 i it
Mm x':},‘
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= as
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B o~ Voo~ Vin = 0.8V, Vg = 1.0V
§  J T Vo Ve = 08V, = 20
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________ ll'fgﬁ' H‘h = ﬂl_f'u'l L-I"d$ = E.{TU

03 02 01 0 01 02 03
Frequency (Hz) Position(um)

JAXITEIZEBIEETOTrap/Detraplz &> TEL B,

H. Ueno et al., Appl. Phys. Let., 78, p.380-382, 2001.
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| ZfEER . V—REFLA VBB ZEANEZAZAE
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Linear Condition
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Sig [A2/Hz]

Lg=0.13um (nMOSFET)

Linear Condition
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S. Matsumoto et al., IEICE, Trans. Electron., vol. EBS - C, Feb, 2005.
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¥
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A
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S. Matsumoto et al., IEIEC T E, E88-C, p. 247, 2005.
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MOSFET

Flicker Noise
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Thermal Noise
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Noise Figure
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8722ES
( Network Analyzer 1
Noise Source — Tuner Tuner
—_— —_—
Sin/Nin Sout/Nout
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Thermal

! ® | /‘ ! ® /:
.sﬁitter ¢ ', ° : i. ° E. °
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] L _d____L___d____ R e e L
- e e / L -7 e /
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» van der Ziel Description based on Nyquist's Theorem
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eff 'ds Jdso- ds=
= 4KTg,7 7 . Noise Coefficient
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Sid[AZ/Hz]
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-19
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20l Whin=5um |
N=20
— * = * 1<
— > - - ‘:I
22| TR | %‘
23 1 [ 1 i
02 04 06 08 1 1.2
Vds[V]
— Lg=0.17pm
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—— Lg=0.5um
— Lg=1.0pm

10 :

06 08
Vigs[V]

02 04

Lines: HiSIM

Symbols: Measurements

S. Hosokawa et al., Appl. Phys. Lett., 87, 092104, 2005.
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[g=0.18um

‘ -

i Knoblinger - -
..-'.2' “Short-Channel

Jamal Deen's model |
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e

—

Moise Coefficient, ¥
tjhg -
/‘1

|
! Long-Channel
|

L g

Long-Channe
0 02 04 06 08 1 12 14 16 0 Vdsat

Vds[V] Vds[V]

» Knoblinger et al. (2001): Hot Electron Contribution
« Jamal Deen et al. (2002): Channel Length Modulation
» Scholten et al. (2002): Velocity Saturation
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Noise Coefficient ()
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Lines: Simulation (HiSIM)
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« first  reduction and increase in the saturation region
* no drastic increase of y
e ¥ minimum increase from 2/3
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Noise Coefficient (y)
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MOSFET

®1/f Noise

®Thermal Noise
®Induced Gate Noise
®Cross-Correlation Noise

—

=
i
e

1/f Noise

Induced-Gate

Sid [A2/Hz]
=
£

Noise
®Shot Noise \ Thermal Nois
e®Junction Noise T M A S

10 1000 10° 10" 10°
J1Hz]
“ (Do) Noise Spectral Intensity
Ai 2
, Sid =—=
e f

HiSIM2 103



Induced Gate & Cross Correlation Noise
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S, = HAigfdx = I(All' + AIZ')ZAVZdX rinduced gate

*
* ! ! ! .
SigiOI = IAig AidX = I(AI1 + Al, ) (AI2 )szdx : Cross - correlation

T. Warabino et al., Proc. SISPAD, p. 158, 2006.
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A. J. Scholten et al., Tech. Dig. IEDM, p. 867, 2003.
T. Warabino et al., Proc. SISPAD, p. 158, 2006.
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HiSIM-NQS 2D Device Simulator

4
T 10
E HD
ro 5
£ ~ HD2 10
<
o i
=
E ~._ HD2 .
@ . ) E— 10 [/ .
N I b I L L
[ --. 83Hz Y fut== BBHEZ A ———
L .. 1GHEZ \ Iff - LY .- 1GHz Wl -
— 1KHz | f — 1KHz oy
m.m _ . o . 10 . ! L ;
0 02 04 06 08 10 12 % g o0z 04 06 08 10 12
Gate voltage (V) Gate voltage (V)

Carrier transit delay dominates the HD characteristics.

D. Navarro et al., SISPAD, p. 259, 05 HiSIM2 110
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—— Equiv. Circ. (QS)

Small Signal

v=|v|exp (jot)
i=|ilexp (jot) 10 %
Lg=0.5um .
[ | v | s f=50MHz \"
® f=20GHz
b
| I | [ Si2
f o

)]
W

) | .
i V V

330°

270°

HiSIM2 111



| v|
n
| 7]
‘ t
) | .
i V V

la| | Ydg(w) Yad(w)

Admittance Matrix

v=|v|exp (jwt)
i=|ilexp (jot)

Ve

Yz = Re(Y;)+Im(Yy)
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S-Parameters : Power Measurement

2Bl

Y-Parameters : Admittance

Yi1(o) Yiz(o) || Vg

= Y, = Re(Y,) + Im(Y,;)

Yao1(w) Yao(m)|| Vq .

Admittance Matrix

Analytical Description:

Yl [{[ﬂ} = ﬂ]zﬂgfggz +j'[ﬂ(-_'gg
},11{{’}}=gm o mzﬂgng [C'm + ng}
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S. Jinbou et al., Ext. Abs. SSDM, p. 26, 2002. gd= 10 ©0Caqd
H. Ueno et al., Proc. SISPAD, p. 71, 2002. g
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S. Jinbou et al., Ext. Abs. SSDM, P. 26, 2002.
Strong External Contribution
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K. Machida et al., SiRF., p. 57, 2006.
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short large V4
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