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/=1 RIT MOSFET SPICE Parameters ﬁ

CIRCUIT ENGINEERING

Device models used by SPICE (Simulation Program for Integrated
Circuit Engineering) simulators can be divided into three classes:
First Generation Models (Level 1, Level 2, Level 3 Models), Second
Generation Models (BISM, HSPICE Level 28, BSIM2) and Third
Generation Models (BSIM3, Level 7, Level 48, etc.) The newer
generations can do a better job with short channel effects, local
stress, transistors operating in the sub-threshold region, gate leakage
(tunneling), noise calculations, temperature variations and the
e_quatllc%_ns used are better with respect to convergence during circuit
simulation.

N
\
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SPICE LEVEL-1 SHICHMAN AND HODGES

If we understand the Level 1 model we can better understand the
other models. The Level 1 model by Shichman and Hodges uses
basic device physics equations for MOSFET threshold voltage and
drain current in the saturation and non-saturation regions of
operation. Mobility is assumed to be a function of total doping
concentration only and a parameter called LAMBDA is used to

model channel length modulation.

SN David A. Hodges

Rochester Institute of Technology
g Microelectronic Engineering hOdgeS@ EECS. berk9|ey- edu/
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SPICE LEVEL-1 MOSFET MODEL

CGSO CGDO

CBD

. Where ID is a d_ependent current source
weroeecrons engreerng —— USING the equations on the next page /
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SPICE LEVEL-1 EQUATIONS FOR UO, Vto AND ID

ﬁ

Parameter Arsenic Phosphorous Boron
(MimaxHmin)
H e max Mmin Mo 52.2 68.5 44.9
|V|0bl|ltY- H=H qinT T 1417 1414 4705
N 9.68X10M6 9.20X10M6 2.23X10717
{1 + (N/Nref)a} ocref 0.680 0.711 0.719

+/-

Threshold Voltage] /o = oms - q NSS/Cox*+/ -2[®F] +/-2 (ges NSUB [@F])°5/Cox’

Absolute value

nMOos/pmos [DF] = (KT/q) In (NSUB/ni) where ni = 1.45E10 and KT/q = 0.026

Drain Current: .
Non-Saturation

15 = BW Cox’ (Vg-Vt-V /2)V (1+ AVds)

L

Saturation

~

lpeat = LW Cox’ (Vg-Vt)? (1+ AVds)
2L

Cox’=ereo/TOX=3.9¢0/TO

Rochester Institute of Technology
g Microelectronic Engineering
I
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BACK-BIASING EFFECTS - GAMMA
Body Effect coefficient GAMMA o or ¥ : RV
4 Vb Vs
ds Veg=2V
P
= _____ €
! ' \/2q N sub
V Vgs " Qss
1o Vi _CDMS_—-+2¢F+Y\/2¢F+VSB
C 0X
where  ersi=11.7and er ox = 3.9
Rochester Institute of Technology €0 = 88eE'14Flcm
Microelectronic Engineering q — 16E-19 /
© December 22, 2013 Dr. Lynn Fuller |= Page 7




RIT MOSFET SPICE Parameters ﬁ

CHANNEL LENGTH MODULATION - LAMBDA

Channel Length Modulation

Parameter A NMOS
A = Slope/ ldsat Slope *lds — Saturation Region
S I
—_l— |dsat +:13 +VgS
3 2
— L - AL | \ /A0 +VdS
] ‘_! ‘“\J/‘ 41 vdl  Vd2
lpsat = LW Cox’ (Vg-V1)? (1+ AVds) NMOS Transistor
2L DC Model, A is the channel length modulation
i i parameter and is different for each channel
Saturation Reglon length, L. Typical value might be 0.02
5= uW Cox’ (Vg-Vt-V/2)V, (1+ AVds)

L

Non Saturation Region /
| 2
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RIT MOSFET SPICE Parameters

LAMBDA VERSUS CHANNEL LENGTH

A
UNIT

205
71
56
34
21

8.8

415

137
91

137
27
15

SLOPE

4.9
2
18
12
1
0.8
4.3
0.95
0.4
0.5
0.2
0.15

IDSAT W

6.8
7.1
7.3
7.5
7
7.6
6.5
7.1
7
7.2
7.2
7.15

32
32
32
32
32
32

32
32
32
32
32

w =
N OO 00O S~ NNOOOLOOO BA~NDN

W =

LAMBDA
PMOS

0.144118
0.056338
0.049315

0.032
0.028571
0.021053
0.132308
0.026761
0.011429
0.013889
0.005556
0.004196

NMOS
0.132308
0.026761
0.011429
0.01388¢

0.00555¢

0.00419¢

LAMBDA

LAMBDA

. ——PMOS

" y = 0.1351x 0% TETNMOS
0.08 :

\ — Power
0.06 \ (PMOS)
0.04
0.02
0

Need different model for each different length transistor

Rochester Institute of Technology

Microelectronic Engineering
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SPICE LEVEL-1 PARAMETERS

FN

1. LEVEL=1
2. VTO

3. KP

4. GAMMA
5. PHI

6. LAMBDA
3

7. RD 13. CGSO
8. RS 14. CGDO
9. CBD 15. CGBO
10. CBS 16. RSH
11. IS 17. CJ
12. PB 18. MJ

SPICE LEVEL 1 MODEL FOR MOS TRANSISTORS:

19. CISW
20. MJSW
21. JS

22. TOX
23. NSUB
24. NSS

SPICE is not case sensitive.

The O 1n these parameters 1s “oh’ not zero.

Rochester Institute of Technology

=

Microelectronic Engineering
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25.
20.
217.
28.
29.

0.-41. PARAMETERS FOR SHORT CHANNEL AND NOISE (Use Defaults)

NFS
TPG
XJ
LD
Uuo

/
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

1. LEVEL=1 Shichman-Hodges Model (If not specified the default is LEVEL=1)

2. VTO zero bias threshold voltage (Do not use, let SPICE calculate from Nsub, TOX
unless an VT adjust ion implant is used to set VTO at some value)

Vsub =0 : :
+Id .., *lds |, saturation Region
+5
U U ,/ +V S
;o2 | J
A B T #2 yro
VTO +Vds

3. KP transconductance parameter (Do not use, let SPICE calculate from UO, COX”)

>N KP=UO COX’=UO €r&o/TOX

\ Rochester Institute of Technology

g Microelectronic Engineering /
| /
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

4. GAMMA bulk threshold parameter

difference in Volts

region divided by Idsat

GAMMA = [2q €I'si€o NSUB/C’0x?]¥2  where €si€o = (11.7)(8.85E-12)

and g = 1.6E-19

5. PHI is the surface inversion potential, 2 x Intrinsic Level to Fermi Level

PHI = 2[®F] = 2 (KT/qg) In (NSUB/ni) where KT/q = 0.026

ni = 1.45E10

6. LAMBDA is the channel length modulation parameter, Slope in saturation

=

Slope +lds |, saturation Region
A = Slope/ Idsat ldsat — +43 +Vgs
+
\\ +2
Vicrosiectonic Enginesring. Vd1 V qo *TVds

: © December 22,2013 Dr. Lynn Fuller
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

7. RD the series drain resistance can either be given as a resistance value or
through RSH the drain/source sheet resistance and the number of squares NRS.
NRS: Is from the device layout. RSH: Is measured by four point probe or Van Der

Pauw structures
(Do not use, let SPICE calculate from sheet resistance, RSH, and number of squares in drain,
NRD)

8. RS is the series source resistance can either be given as a resistance value or
through RSH the drain/source sheet resistance and the number of squares NRS.
NRS: Is from the device layout. RSH: Is measured by four point probe or Van Der
Pauw structures

(Do not use, let SPICE calculate from sheet resistance, RSH, and number of squares in
source, NRS)

V/ \ Rochester Institute of Technology

g Microelectronic Engineering /
| /
i © December 22,2013 Dr. Lynn Fuller |=
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

9. CBD zero bias bulk to drain junction capacitance (Do not use, let SPICE
calculate from CJ and CJSW and AD (Area of Drain) and PD (Perimeter of Drain)
CBD =CJAD + CIJSW PD

10. CBS zero bias bulk to source junction capacitance (Do not use, let SPICE
calculate from CJ and CJSW and AS (Area of Source) and PD (Perimeter of Source)
CBS =CJAS + CISW PS

11. IS is the bulk junction saturation current in the ideal diode equation.

| = IS (exp VAKT - 1)
(Do not use, let SPICE calculate from JS and AD (Area of Drain) and AS (Area of Source)
IS =JS (AD + AS)

12. PB is the junction built in voltage
PB = (KT/g)In (NSUB/ni) + 0.56 or PB = (KT/q) In (Na Nd/ni?)

~
\

=

Rochester Institute of Technology

Microelectronic Engineering /
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

Cox’=¢€reo/TOX=3.9¢0/TOX

13. CGSO is the gate-to-source overlap capacitance (per meter channel width)
CGSO = Cox’ (mask overlap in L direction + LD) F/m

14. CGDO is the gate-to-drain overlap capacitance (per meter channel width)
CGDO = Cox’ (mask overlap in L direction + LD) F/m

15. CGBO is the gate-to-bulk overlap capacitance (per meter channel length)
CGBO = Cigig_oxige * Mask overlap in W direction ~ F/m

N
\

=

Rochester Institute of Technology
Microelectronic Engineering

/=1 RIT MOSFET SPICE Parameters ﬁ
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

/=1 RIT MOSFET SPICE Parameters ﬁ

point probe or Van Der Pauw structures.
17. CJis the zero bias bulk junction bottom capacitance per square meter of

where Yo =PB = (KT/q) In (NSUB/ni) + 0.56
m = junction grading coefficient = 0.5
18. MJ is the junction grading coefficient = 0.5
19. CJSW is the zero bias bulk junction sidewall capacitance per meter of
junction perimeter. CJISW = CJ XJ

20. MJSW is the junction grading coefficient = 0.5
21. JS is the bulk junction saturation current density in Amperes per square
meter

N
\

Rochester Institute of Technology
g Microelectronic Engineering
I
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16. RSH is the drain and source diffusion sheet resistance. Measured from four

junction area. CJ = €r€o /W where W is width of space charge layer.
CJ = €r€o [2€rEo (Yo-VA)/gNsub]™ F/m2

JS =g ni?2 (Dp/NdLp + Dn/ NaLn) where D = (KT/q) pand L = (Dr) 93

/




SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

22. TOX is the gate oxide thickness, measured by ellipsometer or reflectance
spectroscopy (Nanospec).

by the resistivity, Rho. Rho = 1/(qu(N)N) where g = 1.6E-19 coul, N
IS the substrate doping NSUB, U(N) is the mobility, a function of N.

/=1 RIT MOSFET SPICE Parameters ﬁ

23. NSUB the substrate doping is given by the wafer manufacturer or measured
by four point probe technique. In both cases NSUB is given indirectly

1600
] . :
1400 - .
1500 ~__ Emperlc_:al Equation: |
1000 —— Arsenic M= pHpmin + pmax-pmin
o0 ‘ " Phosthors {1+(N/Nref)*}
400 ——F—F——
200 i\\|$' Electrons Holes
’ VR umin 92 477
S $&gss g umax 1360 495
N Nref 1.3E17 6.3E16
Rochester Institute of Technology OL O 9 1 076

Microelectronic Engineering

/
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

24. NSS: The surface state density is a parameter used in the calculation of the zero-
bias threshold voltage (ie. Vsource = Vsubstrate), VTO is obtained from transistor
curves.

VTO = @ms - ¢ NSS/Cox’ -2 DF -2 (ges NSUB DF)*0.5/Cox’
ODF = (KT/q) In (NSUB/ni) where ni = 1.45E10 and KT/q = 0.026

DOms = Om - (X+ Eg/2 - DF)  where Pm=gate work function
X=415eV,Eg=1.12eV

Es=¢&€reo=11.7€o0

Since everything is known

Cox’=Ereo/TOX=3.9€0/TOX
In equations above, NSS
can be calculated

~. 25. NFS is the fast surface state density, usually left at zero.

\ Rochester Institute of Technology

g Microelectronic Engineering /
| /
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SPICE LEVEL-1 PARAMETERS FOR MOSFET (cont.)

26. TPG is the type of gate. for aluminum TPG=0, for n+ poly TPG =1,

for p+ poly TPG=-1
27. XJ metallurgical junction depth, measured by groove and stain technigues.
28. LD lateral diffusion distance, inferred from process knowledge
29. UO is the surface mobility taken as 1/2 the bulk mobility or

extracted to give correct Id value on measured Id vs VVds characteristics
In the saturation region. For best results make measurements on a transistor with
large channel length so that A is small and the lateral diffusion can be neglected.

| eat = LW Cox’ (Vg-Vi)? (1+ AVds)
2L

30. - 41. Parameters associated with short channel devices and noise in
MOQOSFETSs

N
\

=

Rochester Institute of Technology
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SPICE 2N° GENERATION MODELS AND PARAMETERS

2ND generation MOSFET models improve over the Level 1 models
because they model sub-threshold current, mobility as a function of
vertical and lateral electric field strength, threshold voltage reduction as
a function drain voltage or drain induced barrier lowering (DIBL).

This model has separate equations for drain current for different
regions of operation. The discontinuity at the transition points can
make problems In program convergence during circuit simulation.

NMOS lD VS VGS 0.2000m Caonditions: [l .Ell ~'q-||'r.1 E:‘I:l_lllrllllllrl'lll'r I:E‘HI:E'r

1.0000m Conditians:

Note: LEVEL 1 model Id

/ Note: LEVEL 1 model Id

would follow green line

would increase with (Vgs-Vt)° g

[
{ © December 22, 2013 Dr. Lynn Fuller |= Page 20
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TERADA-MUTA METHOD FOR EXTRACTING Leff and Rds

Terada-Muta Method for Leff and Rds

In the linear region (Vg is small):

I, = uW Cox’ (Vg-Vt-\ﬁ/Z/) Vg
Leff

Leff=Lm - AL 5 =1/R, Vp
where AL is correction due to processing
Lm is the mask length

Vg =-10

Masured Resistance, Rm
<
o
1|
(0]

A

o

T
|

Rm = V/l; =measured resistance 'Q_m (mask length)
=Lm/ (uW Cox’ (Vg-Vt)) - AL/ nW Cox’ (Vg-V1) AL

so measure Rm for different channel length transistors and plot Rm vs Lm
where Rm = intersect find value for AL and Rds
Then Leff can be calculated for each different length transistor
from Leff =L m - AL

{ © December 22, 2013 Dr. Lynn Fuller |= Page 21
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2"t GENERATION MODELS EQUATIONS FOR MOBILITY

The mobility used in the equations for Ids is the effective mobility ,
Ueff. Starting with UO from level 1, Ueff is found. The parameter
THETA is introduced to model mobility degradation due to high
vertical electric fields (larger values of VVgs - VTO).

Measure Ids for a wide transistor
Ueff* = Uuo wilth |O\1I:V value (()jf Vds andflfafrge
B value of VVgs and using Leff from
(1+THETA (Vgs-VTO)) Terata-Muta method and
LAMBDA from level 1, calculate
THETA from these two equations.

| = Ueff W Cox’ (Vg-Vi)? (1+ AVds)
2L eff

~

"/ ) Warning: Curvature also due to Rpqso Vds is (Vapplied — Rds*Idsat)
E requires an iterative approach to find THETA /

© December 22, 2013 Dr. Lynn Fuller |= Page 22
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2NP GENERATION EQUATIONS FOR MOBILITY (cont.)

The parameter VMAX is introduced to model the decrease in mobility
at higher VVds due to velocity saturation. Ideally, carrier velocity Is
directly proportional to the applied electric field. However, at very
high lateral electric fields, EX, this relationship ceases to be accurate -
the carrier velocity saturates at VMAX.

Y- VMAX e o
< 107 Ueff =
& (1+THETA (Vgs-VTO)) [1 . Uo —Yde J
c VMAX Leff
o 108
2 v = UO Ex Where, Vde = min (Vds, Vdsat)
3 108
= EX_
10° 0f 15 (Viem) Note: other models (equations) for
II/ \\ mobility exist and use parameters such as

Rochester Institute of Technology UCR|T, UEXP, ULTRA’ ECR|T, ESAT
Microelectronic Engineering /
g { |= /
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2ND GENERATION MODEL EUATIONS FOR THRESHOLD VOLTAGE

The parameter ETA is used to describe DIBL (Drain Induced Barrier
Lowering) resulting in a modification to the LEVEL 1 equation for
threshold voltage.

VTO = ®ms- ¢prs - q NSS/Cox’ -2 ®F -2 (ges NSUB ®F)°5/Cox’

(- 8.14E-22)*ETA
Cox’Leff3

Vds

(I)ETA —

\ Rochester Institute of Technology

g Microelectronic Engineering /
| /
i © December 22,2013 Dr. Lynn Fuller |=
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DTH

2ND GENERATION EQUATIONS FOR NARROW WI

DELTA is introduced to model narrow channel effects on threshold
voltage. The parameter WD (channel width reduction from drawn
value) is used to calculate the effective channel width. DELTA is

used in the calculation of threshold voltage.

q NSUB Xds?
€0 &SI 2 PHI

DELTA =

Note: a dimensionless number typically ~3

Rochester Institute of Technology
Microelectronic Engineering /

: © December 22, 2013 Dr. Lynn Fuller |= Page 25
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NNEL

LENGTH MODULATION

KAPPA is channel length modulation parameter.

KAPPA is calculated = [(qNsub/(2¢oer))((1-1dsat/lId")(L-2LD-Xdso-Xds))"2)/(Vd2-Vdsat)]*0.5

Measure Id’ at large Vds, and Idsat at Vdsat,
Kappa has units of 1/V typical value ~0.1

+1ds : :
S — vd Saturation Region
- * | +5

n | n Id’ +4
—L-AL Vd2 J P 1dsat — +3 +Vgs
L | |7 Vdsat +2
— 1 *=——Xdso ; +Vds

Vdsat Vd2

/

i © December 22,2013 Dr. Lynn Fuller |= Page 26
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PARAMETERS FOR SPICE LEVEL 3

ﬁ

SPICE LEVEL 3 MODEL PARAMETERS FOR MOS TRANSISTORS:

Control
Process
Process
Process
Process
Process
W and L
W and L
DC

DC

DC

DC

DC

DC

DC

DC

Level=3
TPG=1
TOX
NSUB
XJ

PB

LD

WD
uo
VTO
THETA
DELTA
VMAX
ETA
KAPPA
NFS

1 if gate is doped opposite of channel, -1 if not
Gate Oxide Thickness

Channel doping concentration

Drain/Source Junction Depth

PB is the junction built in voltage
Drain/Source Lateral Diffusion

Decrease in Width from Drawn Value

Zero Bias Low Field Mobility

Measured threshold voltage, long wide devices
Gate Field Induced Mobility Reduction
Narrow Channel Effect on the Threshold Voltage
Maximum Carrier Velocity

DIBL Coefficient

Channel Length Modulation Effect on Ids
Surface State Density

© December 22,2013 Dr. Lynn Fuller
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PARAMETERS FOR SPICE LEVEL 3

FN

Diode & Resistor RS
Diode & Resistor RD
AC CGDO
AC CGSO
AC CGBO
AC CJ
Temp

- more

Noise

- more

Tunneling

-more

~

\

Source Series Resistance
Drain Series Resistance

Zero Bias Gate-Source Capacitance
Zero Bias Gate-Drain Capacitance
Zero Bias Gate-Substrate Capacitance

Rochester Institute of Technology
g Microelectronic Engineering
I
© December 22,2013 Dr. Lynn Fuller |=
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BSIM3 MODELS

Berkeley SPICE third generation SPICE models are called BSIM3.
Theses models for transistors use equations that are continuous
over the entire range of operation (sub-threshold, linear region and
saturation region). The equations for mobility are improved.
Equations for temperature variation, stress effects, noise, tunneling
have been added and/or improved. BSIM3 is presently the industry
standard among all these models. It represents a MOSFET with
many electrical and structural parameters, among which, only W
and L are under the control of a circuit designer. All the rest are
fixed for all MOSFETSs integrated in a given fabrication
technology, and are provided to the designer as an “untouchable”
deck of device parameters. (There are over 200 parameters in
some versions of BISM3 models)

N
\

Rochester Institute of Technology
g Microelectronic Engineering /
| /
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SPICE LEVEL-49 EQUATIONS FOR VT

'l.l_'h = VIHI=-K] "..ﬁ!l'ﬁ'..'vh"ﬂ' 'I:F;:-H'E-vhllﬂl
| ~ TOX
~K1- {l-ﬁ-lj Jo = (K3 =K3y - Vigup)- W, b
; L, Ly
-DVTO-( ep{-DVT1 . 3¢ +-1 ep{-DVT] . -8 ; —}. (V- 9,)
- ew{-psUB. -z-mf-nSUB- :"ﬂ-:mm-ﬁ:’rﬁﬂ-‘-’mn}-‘-’m
Lu

-DVTOW - l-:;.:4-[:ﬂ-f".rwl.r "} - exp| -DVTIW . Latt

-W oo
_,j '-ull'#l}

Note: VthO is from Level=1 equation

Rochester Institute of Technology UTMOQOST Il Modeling Manual-\ol.1

Microelectronic Engineering

g Ch. 5. from Silvaco International. /
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SPICE LEVEL-49 EQUATIONS FOR UO

MOBMOD = 1
I.Il?ﬂ- = F Erlf 1l|l-|- . .Illl.l. - "|I;r —
+(UA+UC-V p [ _geteff 7 Tthy L pep [ _gsteff 7 7 th)C
A beaff l TOX 7 L TOX I

UA, UB and UC are emperically fit and replace THETA and VMAX used in LEVEL 3

Effective Vgs - Vih
NV
1on-V, I:L[l—e.\:p-_—,;gl—#_']
v = —
gataft B Vo~V —2- VOFF
1+2-n-COX- j———— - exp| —8L__tB__ |
8 |35y MCH T Tnv,

n=1 + NFACTOR *Cd/COX + ((CDSC + CDSCD*Vds + CDSCB*Vbseff) — (exp(-DVT1*Leff/2lt) + 2exp(-DVT1*Leff/It)))/COX + CIT/COX
VAR
\

=

Rochester Institute of Technology UTMOQOST Il Modeling Manual-\ol.1.

Microelectronic Engineering

Ch. 5. from Silvaco International. /
| s
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SPICE LEVEL-49 EQUATIONS FOR ID

Effective Vds
r — r ] - r & |. + -
Vaserr = Vasat =3 Visar = Vas ~DELTA= iV, ~V, ~DELTA) 4. DELTA - Vg, )
Drain Current
Iy, = i LV 1llr:Lu::'rl (1 Yo = Vo
. I TR Ya © Yascer ¢
W dsetr
. ¥ 4 saif
Wt Hafe COX- Vﬂ'l“'“' 1= = Apalx - TV = I_I_.-.'r "ir 1 1"dul:T
[ = AREE
duo Liggr - [F* Vigarr (Egar - Lig]
Vy=V |.[ PVAG Vostetr) (1 Ly
AT Yhaa T[T T ]
* Epat Lo/ "Ac:m VADIBLC
A oo Lispe=W
W = obulk Treat' teff” Vgpesff . 4
ACLM = PCLM - Aby gy B Ly P¥ds =¥ dyatt

UTMOST Il Modeling Manual-\ol.1

% Ch. 5. from Silvaco International. /
|
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SPICE LEVEL-49 EQUATIONS FOR ID (cont)

v = 'f"l"pnﬂ'"': ] vt.' _ n'..] _ -I'l...“: -\r‘-“
ADIBLE 8y (I=PDIBLCB- Vo) ' Apoie - Vigar = Vester~ 2 ¥

@ . = PDIBLCI - [w[-nnnm - :L'I':;] +1- E:qﬂ: ~-DROUT - ll'::"] ~ PDIBLC2

1 _ PSCBE w[—FE':BEI -liu']
¥acopEe L& Vi~ Yieott

W
Epat L™ Vagar =2 By - VOAT - COX - W 5 - vu:u-ﬂ"[l_ 3 ;l_:-':ﬂ_.-ﬂ:.-':n
2-(V,, 2.V,

W =
Asat 2/h=1+Ry, -VBAT COX-W_ ,-A o
E - TOX. XY
iﬂl
NUUI B! 11U U1t suvIvyy UTMOST Il Modeling Manual-\Vol.1.

Microelectronic Engineering

Ch. 5. from Silvaco International. /
| s

i © December 22,2013 Dr. Lynn Fuller Page 33




=

RIT MOSFET SPICE Parameters ﬁ

PARAMETERS FOR SPICE BSIM3 LEVEL 49

Control
Control
Control
Process
Process
Process
Process
Process
Process
Process
W and L
W and L

VD

=

SPICE BSIM3 LEVEL 49 MODEL PARAMETERS FOR MOS TRANSISTORS:

LEVEL=49
MOBMOD=1  Mobility model selector choice
CAPMOD=1 Capacitor model selector choice

TOX Gate Oxide Thickness

XJ Drain/Source Junction Depth

NCH Channel Surface doping concentration
NSUB Channel doping concentration

XT Distance into the well where NCH is valid
NSF Fast Surface State Density

NGATE Gate Doping Concentration

WINT Isolation Reduction of Channel Width
LINT Source/Drain Underdiffusion of Gate

Note: only some of the few hundred parameters /
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/=1 RIT MOSFET SPICE Parameters

PARAMETERS FOR SPICE BSIM3 LEVEL 49

ﬁ

DC VTHO
DC Uo

Diode & Resistor RSH
Diode & Resistor JS
Diode & Resistor JSW
Diode & Resistor CJ
Diode & Resistor MJ
Diode & Resistor PB

VD

Threshold voltage, Long, Wide Device, Zero Substrate
Bias = VTO in level 3
Low Field Mobility, UO in level 3

DC PCLM Channel Length Modulation Parameter

Drain/Source sheet Resistance

Bottom junction saturation current per unit area

Side wall junction saturation current per unit length
Bottom Junction Capacitance per unit area at zero bias
Bottom Junction Capacitance Grading Coeficient

PB is the junction built in voltage

Diode & Resistor CJISW  Side Wall Junction Capacitance per meter of length
Diode & Resistor MJSW Side Wall Junction Capacitance Grading Coeficient

AC CGSO Zero Bias Gate-Source Capacitance per meter of gate W
AC CGDO Zero Bias Gate-Drain Capacitance per meter of gate W
AC CGBO Zero Bias Gate-Substrate Capacitance per meter of gate L

Note: only some of the few hundred parameters /

=
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RIT MOSFET SPICE Parameters

CALCULATOR

s
[

[N o O LR AR TR L AT DR R R U TRl PR el el el e sl Rl el el Rl Bl e el Rl Bl Kl Bl el B —

A | B | C | D | E | F | o | H | [ | J | K, | L
ROCHESTER INSTITUTE OF TECHNOLOGY SPICE Parameter Cakubitorxls
MICROELECTRONIC ENGINEERING 1/18.2007
CALCULATION OF MOSFET SPICE PARAMETERS DR.LYNNFULLER

To use this spreadsheet change the valuesin the white box es. The test of the sheet 15 protected and showl d not be changed unless
you are sure of the consequences. The caleulated results are shown in the purple box es.

COMNSTANTS

T= 300 K Boton DO 0.76 cindis

KTig= 0026  walts BotonEa 3.6 eV
m= L45E+10 cm-3 Phosphorous DO 385 cmdfs

Eo= 883E-14 Fiem Phosphorous Ea 3.66 eV

Ersi= 117
E+3i02 = 39 Carriet V elocity S aturation ocows at ~ SE6 to 2ET cm/s, extracted walues canbe artificially 2 times higher
E affinity = 415 wolts Critical walue of electric field Ec of ~EE3 to 3E4 Viem for electrons, ~3E4 to 1ES Wiem for hales

g= 1A0E-19 coud

SPICE Parameter Calcula

INTRODUCTION

tor.xls

This spreadsheet cal culates mnm os or pmos level one, three and BEIM3 BPICE parameters from detalsknown sbowt the process parameters, device layout and
fabrication history. Level one spice parameters assume mobility is a function of total smpurity concentration and temperature only. Lewvel one usesthe parameter
LAMEBDA for chatnel length modlation Different equations are used to calodate Idsin the saturation and non- sataration regions of operation

The lewvel three SPICE model iz detived from the lewel one model with some additional parameters to better account for the decrease in carrier mobility for
high vertical and lateral electric fields. The level three model also allows the user to account for narrow channel effects, drain induced barrier lowering (DIBL),
atud gives better sub threshold characteristics. For example the parameter LAMBDA isreplaced by a more complex model using the parameter W MAK and
KAPPA, The low field mobility walue UO is modified for ki gh gate electric fields with parameter THET A and modified for high lateral electric fields through
the VMAK parameter. Different ecuations are used to calculate Idsin the saturation, non-saturation and subthreshold regions of operation

The BSM3 SPICE parameters are detived from the level one and three parameters. BSIM models have huandreds of parameters used to fully describe DC and AC
deiveoe operationy, temperatie effects, nodse, stress effectz and more. Most of the parameters can only be determined from measured device petformance. In

this spreadsheet the BEIM3 parameters are derived from lewel one and level three parameters. All other parameters are not specified and the default values are
itrroked. The single ecquation for Idsisused that iz valid in saturation, nore saturation and subthreshold regions of operation, making convergetice during circuit
simulation more reliable.

References: LIOEFET MW odeling with 3PICE, Daniel Foty, 1997, Prentice Hall, IZBN-0-13-227935-5
Operation and Modeling of the MOES Transistor, 2nd E dition, ¥ atwds Taividia 1999, MeGraw-Hill, [EBN-0-07-063523-5
UTMOST 111 ModelingManual- ¥V ol.l. Ch 5. From Silvaro [nfe@aitna,
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http://www.rit.edu/~lffeee/SPICE_Parameter_Calculator.xls

RIT MOSFET SPICE Parameters

INPUTS AND RESULTS

A | B | C | D | E | F | 6 | H | I | | K | L
| 44 [LAYOUT PARAMETERS VALUES CALCULATED FROM FPROCE S5 PARAMETERS
| 45 | (assume source and drain are symmetrical)
| 46 |L 2 i Diffusion T onstant at Tetp of Well Drive 1 43E-13 cinlfs
| 47 W 16 um Starting wafer doping = 1.4g wn o Rhd) 4 42E+14 cm-3
| 48 |Area of Dranfource ] umd Well Zwface Concentratior= Me= Dose flpi D 705 145E+17 omm-3
| 49 |[Perimeter of Drain/S ource 44 Lt Well Depth = ((4D dTd/D ose) bl sub{pD dT ™0 5005 375 um
| B0 |# squares between Contact and Charmel 0.143 Wrell average doping, Mave = Dosefj 3.33E+16 ctm-3
| 51 [# squares between LDDUN + and Channel 0025 Bulk Well Majority C arrier Mobility at N=N ave 39432 o fies
| 52| Bulk Well Minority Catrier Mobility at N=Nave 100452 emfes
| 53 [PROCESS PARAMETERS l=wes, 0=Ho Well Bheet Resistance = 14 q{pct ave))D ose) F92.50 olms
| 54 |Aluminum gate 1] Well sxface mobility at Suwface Doping C oncettration F25.76 ctmd/V-2

55 |nt Poly gate 1 select one Wimax = (4 eoesi ¢s/ g/ Nave)™.5 0.143 um
| 56 |p+ Poly gate [ IMetal Work Function, gm 412 wolts
| 57 [H well (pMOSFET) 0 } select one Iagnitude of S emiconductor P otertial (Fermi - Intrinsic), ¢s 0.419 valts
| 58 [P well (nMOSFET) 1 Ozxide Capacitance/em2 = Cox' 2.30E-07 Ffom2
ﬂ'\?t adjust Dose (+ for Borory, - for Phos) 0.00E+00 |om-2 Metal Semi Work Function Diff, dms -0.170 wolts
| B0 |Gate Oxide Thickness 150 A Flat Band ¥ oltage, VFE = -0.379 valts
| 61 (NS5 3.00E+11 |om-2 Threshold V oltages, ¥ TO 133 valts
| B2 |Starting Wafer R esistivity 10 ohm-cm Threshold Adjust, AV =g D ose/2/Cox' 0.00 valts
| B3 [Well Dose 2.00E+13 |om-2 Ion Implanted Adjusted Threshold V oltage, VT 1.33 wolts
| B4 [Well Drive Time 710 ity Diffusion Constant at Temp of DA3 Anneal 1.17E-14 cindis
| B5 [Well Drive Tempetature 1100 [ ¥ Tunction D epth, X = 018 um
| 66 [LDD DiS Dose 2.50E+13 |om-2 Di3 average doping, Nave = D osefij 136E+18 cm-3
| 67 [LDD D/3 Drive Time 30 min Bulk Mobility in D/ at H=Nave 230,94 ot s
68 [LDD Df3 Drive Temperature 1000 c D3 Sheet Resistance = 14 g{pchy ave))D ose) 108255 olms
EFieldeid& Thickness 6000 A Lateral Diffusion= LD = 0.8%j 013 pit
| 70 [MWlinority Carrier Lifetime in the well 1 Hs Capacitance/em2 for Field Oxide 573E-09 Fiom2
| 71 |08 Drose (H+ ot PH) 2.00E+15 |om-2 D3 Width of Space Charge Layer at Zero Bias, Xdso = 0.152 ity
| 72| D/3 Width of Space Charge Layer at V dd, Bias Xds= 0.380 pm
| 73| Leff = Lmask - 2%LD - 2% dso 1.400 it
| 74| Built in Voltage for DS pn junction 095 valts
| 75| Tunction reverse bias current density, IS 3.23E-08 Afml
| 76 | Tunction Capacitance for DA at zero bias 6.30E-08 Flem2
| 77| Lambda, Caleulated, ((Lmax/Tmin)-1)/V dd 0.031 1mlt
| 78 |[MEASURED TRANSISTOR YALUES
| 79 |Vdd ] olts CALCULATED SPICE PARAMETERS FROM MEASURED VALUES
| B0 [Magnitude of IDS at ¥ gs=Vds=V dd 541 mAmps =I'ds Ueffmobility to matchIDS at W g=V ds=Vdd 286.44 ot Fe3
51 |Magnitude of IDS at Vge=V dd, V ds=V deat 512 thAmps =Idsat LAMEDA measured 003 1 Aralts
| B2 [¥TO ¢+ for nmos and - for pmos) 1.1 wolts ¥ T0 measured 11 wvilts
| B3 [Tsub-min 0001 rimps I3 = Ieubh-minfatrea of Drain measured 1.04E-02 Afm2
| 84 [DA& Sheet Resistance 392 ohms REH measured 392 ohms
| 85 [Lambda 0.03 1 frolts Page 2
il
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RIT MOSFET SPICE Parameters

PARAMETERS FOR SPICE LEVEL 1

B

& | D

| E

| F el w [ v [ 4 | ® |t

A
o7]
58]
[59]
i
o1
Ea
93 |SPICE
| 94 |P arameter
E
95| 2
7] s
98 4
E.
o) ¢
AT
I
I
I
AT
I
I
e
o3| 13
o] 16
| w
Tzl 18
IE .
A
S
T
K]
T w
HEE
HE
T
2z »
23 »
24
i
126
27
128

SPICE PARAMETERS FOR LEVEL ONE MODEL

1 The parametersin the yellow hoxes are caloulated from the other parmaters and thus should not be entered in the SPICE model

2 If the BPICE parameters from measured values are different than the calculated SPICE parameters woumight want to use them instead.

3 We assume the model definition has L, W, AD, A3 PD, P3, MRS, NED specified for caleulation of somie of the paramieters in the yellow boxes
4 Lambdais different for every different length transi stor in the level one model, so a different model is needed for each different length mosfet

Hame

Lewel
VTO

SFICE Parameters
UsingFProcess Param eters

1

1.33

2.50E-04

9.52E-01

0.419

0031

27.06

27.06

T.08E-14

T.08E-14

3.10E-18

0.55

3.40E-10

3.40E-10

3.75E-10

108255

6.20E-04

0.5

1 .Z6E-10

0.5

3.23E-08

Afmd

1.50E-08

1.45E+17

cm-3

3.00E+11

cm-2

i}

1

0.2

T

0.15

Tt

363

ot s

MODEL RITSUBN1 NMOSE (LEVEL=1
+¥TO=1.0 LAMBDA= 0.031 PB=095 CG30=34E-10 CGDO=3 4E-10
+CGBO=573E-10 R3H=1082 CJ=4.8e-4 MI=0.5 CI3W=1 2ée-10
LI EW=05 J3=323e-8 TOX=150E-10 N3UB=1.45¢17 N33=3E11
+TPG=+1 XJ=0.181 LD=0.1510 TO=363)

note: most parameters use O not 0 at end of parameter name ("oh" not "zera™)
Schichman and Hodges Model
Zero Bias Threshold V oltage, enter walue if threshold adjust implant is used

Transconductance Farameter, KP = U0 Es o0 /Tox

Bulk Threshold Param eter, GAMWMA = [2q € E0 N3UB/C ox ¥ 12

PHI isthe semiconductor potential, Intrinsie Level to Fermi Level difference

Chartinel length moculation paratm eter

Beties Drain Resistance

Series 3ource Resistatice

CBD zero biaz buk to drain junchion capacitance, CED =CJ AD + CJ SW PD

CBD zero biaz bulk to souwrce junchion capacitance  CED =CJ AD +CISWPD

D/3 junction leakage current

PE iz the junction bultinvoltage, PE = [KT Ag)in [MSLE i) + 056

G-to-5 owerlap C [per m channel widh] CG50=Cox’(m ask overlap in L direction + LD

G-to-D owverlap C [perm channel width] CG00=Cox{m azk overlap in L direction + LD]

G-to-well overlap © (per meter charnmel length) CGSO0=Cox (mask overlap in W direction)

wheet resistance of D/E

D/5 Bottom junction capacitatce/ma,

JTunction Grading C oeficient for bottom of DA3 Junction

D/3 side wall junction capacitanice pet meter of D/S permeter

Junction Grading C oeficient for side of D/3 Tunction

D/3 junction leakage current

Grate Oxide Thickness

Well Doping, N ave

Swrface State Density as known from process knowledge

Fagt Zutface States, Always set to Zero

+1 if gate doped opposite of channel, -1 if gate doped same as chanmel, 0 if gate is alwmimam

D/3 Tanction D epth

Lateral Diffusion of D3 into the channel arbatratly set to 80% of ZI

Well suface minority cartier mobility at well swface concentration divided by twa
MODEL RITSUBF1 PMOE (LEVEL=1
+¥ Tio=1.0 LALEBDA= 0.05 PB=054 CG30=508E-10 CGDO0=5.08E-10
+HZGEO=575E-10 BE3H=33.7 CI=501e-4 MI=0.5 CI3W=138e-10

Page3d  +MISW=03 J5=6 43e-8 TOX=150E-10 N3UB=7.23:16 N33=1E11

+TPG=+1 XI=0 280 LD=0.2210 U0=363)
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RIT MOSFET SPICE Parameters

PARAMETERS FOR SPICE LEVEL 3

A | B C | D | E | F | a | H | I | J | K. | L
| 129/SPICE PARAMETERS FOR LEVEL THREE M ODEL
1130 1 WD is estitn ated to be 1/2 the field oxide thickness for a LOCOS process
1131] 2 THET 4 is calculated from Ueff= U0/ +THETAV g ¥ 1)) and Ids=1 eff (C ox'2) (W/LI(V gs-V "2 (1 +AV d£) using measuwred Ids and Vi values
1132 3 DELTA is calculated = g*N ave*Z0ds)"2 / (20 25 (2 )
1133 4 KAPPA is caleulated = [(qN sub/2 20 23 ((1-TT(L-2LD-X dso-Xds))“ AV ds ¥ dsaty]~0.5
1134 5 WA is caleulated from effective mobility times electric field at Vgs=V ds=V dsat, where E=V dsat/T eff
1135 6 ETA is caleulated from the ratio of charge in the charmel at ¥ ds=V dd to charge in the charmel at ¥ ds=zero
| 136 note: Parametersin Red come directly from SFICE Level One
|137|P arameter Name Value  Units note: most parameters use O not 0 at end of parameter name ("oh" not "zera")
| 138 1 Level 3
1139 2 TPG 1 Type of G ate Material
140 3 TOX 1 50E-08 |m G ate Oxide Thickness
[141] 4 LD 293E07 |m Channel Length Reduction from Drawn ¥ alus
1142] 5 WD 300E-07 |m Charnnel Width Redustion From Dravn V alue
1143 6 oo 726 cm2iV-s Zero Bias Low Field Mobility
| 144 7 IO 1.33 v MMeasured threshold voltage for long wide devices with zero substrate bias
| 145 3 THETA 0.393 L G ate Field Induced Iobility Reduction F arameter
| 146| 9 R3 27.08 ohm Inlevel 3 onlylumped resistance is available, each different width FET has a different modsl
E 10 ED 27.06 ohin Inlesel 3 onlylumped resistance is available, each different width FET haz a different modal
| 148] 11 DELTA 2.27 M atreny Chatnel Effect on the Theeshold ¥ oltage
REE] 12 NEUE 1.45E+17 |em-3 Effective Substrate Doping
1150 13 4 1 84E-07 |m DrainSource junction depth
| 157] 14 VA 1.OZEHDT7 |mfs bMaximum Catrier ¥ elocity (extraction can gvie 1.2 to 2 times expected saturati on welocity)
1152 15 ETA 0.837 DIBL Coefficient
153 16 KaAPPA 0.509 15 Chattiel Letugth Modulation Effect on the Drain Curtent
[154] 17 HES SO0E+HI] |com-2 Surface State Density
| 155 12 CGO3E0 3.40E-10 [Féin Zero Bias Grate-Source Capacitance
| 156 19 CoDOo 3.40E-10 [Fim Zero Bias Gate-Drain Capacitance
1157 20 CGBO 575E-10 [Fim Zero Bias Gate-Substrate Capacitance
| 158 21 FE 0.95 v PE is the junclion bultin voltage, PB = (KT Aglln [NSUEB il + 056
1154 22 ZQc 0.40 Charge Partitioning Parameter (from Ward and Dutton)
@ Adifferent model is need ed for each transistor o fd ifferent length or widih. Example models shown helow.
161
| 162(* MODEL RITSUBN3 NMO3 (LEVEL=3 TPG=1 TOX=1 5E-8 LD=295E.7 WD=3 00E-7
| 163|*+U0= 726 WTO=0.5 THETA=0.393 R3=17 RD=27 DELT A=2 27 NEUIB=1 45E17
| 164[*+XI=1 84E-F VMAX=1 10ET ETA=083T KAPPA=0.509 NF5=3E11
| 165 |*+CGE0=34E-10 CGDO=3 48E-10 CGBC=5 T3E-10 PE=0.05 X0QC=0.4)
166
E *MODEL RITSUEP3 PMOS (LEVEL=3 TPG=1 TOX=1.5E-8 LD=3 61E-7 WD=3E-7
| 168[+00=37T VT0=-0.93 THETA=032 R3=33 7 RD=337 DELTA=2 35 NSUB=7 12E16
| 169[+X1=2 26E-T VIMAX=3 84E6 ETA=0 897 KAPPA=4 481 NF3=3E11
| 170[+CGS0=415E-10 CGDO=4.15E-10 CGEO=5T5E-10 PB=024 XQC=040) Paged
11
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RIT MOSFET SPICE Parameters

PARAMETERS FOR SPICE LEVEL 49

A

| B

| ¢ | D

| E

| ¢ Je | w [ v [ 4 | 'k | L

SPICE PARAMETERS FOR BISIM3 VER 3.1, LEVEL 49
BEIMEV 3 is the industry standard, plyrsicsbased, deep submicron MOSFET SPICE model for digital and analog circuit design from the Device Group at the
Umiversity of California at Berkeley. Lewel 8 is the origional Berkeley version, Level 81 is a slightly m odified Silvaco version, Level 49 and 53 are Hspice versions.

Parameter
C ontrol
C ontrol
Control
C ontrol
Process
Process
Process
Process
Process
Process
W oand L
Woand L
DC
DC
D
DC
DC
D
Diode/Resistor
Diode/Resistor
Diode/Fesistor
Diode/Resistor

Diode/Resistor

Diode/Resistor
Diode/Resistor
Diode/Fesistor
Diode/Resistor

AC

AT

AC

Hatne
Lewel
WERZION
MOBMOD
CAPWMOD

¥ alue

Urits

49

3l

1

2

1.50E-08

1 84E-07

L45E+17

5.33E+16

1 43E-07

3.00E+11

2.0E-07

295E-07

133

T3 T8

2.0E-07

1 84E-07

5.00

5.00E+20

m-3

108255

ohimyag

3.23E-08

A fmd

3.23E-08

A fm

6.20E-04

Fim2

0.5

095

1 26E-10

0.5

095

3 40E-10

340E-10

573E-10

note: most param eters use 0 not O at end of parameter nam e Mzera" not "ch™)
note: Farametersin Red come directly from SFPICE Lewel One anddor Three

Level 8, 81,49 or 53

30,31 or32 versions, default is the newest version

Mobility model selector (1,2,3,4... selects slightly different equations for caleulation of T eff)
Capacitance model selector (1,2,3,4... selects sli ghtly different equations for gate Ceff)
Gate oxide thickness

Tuniction Depth

Well srface doping concentration

el doping concertration below the swface

Distance irto well where siuface concentration 1s valid, Defailt= 1 5E-Tm

Bwface State Density, Level 3 NF3 or Lewel 1 N33 treated as ecpual

Isolation Reduction of Chatwel Width (from process knowledge)

Bource/Drain Tnder diffusion of G ate

Threshold woltage, Long Wide Device, Zero Substrate Biag= VY TO inlevel 3

Low Field Mobility

I'solation Reduction of Charnel Width (from process knowledge)

Bource/Drain Tnder diffusion of G ate (set egqual to 20

Charnel Length ModulationP arameter, defaudt = 1.3 (select to fit Ids ws. W ds family)
G ate Doping (5E20 if Diffusion Doped, Dose/P oly ThicknessifTon Implanted with DyE)
DrainfSource sheet Resistance

E ottom junction saturation current per urit area

side wall junction satarati on currert per unit length

E ottom Junction Capacitance per it atea at Zero bias

B ottom Junction Capacitance Grading Coeficient

FE izthe junction buit inwottage FE = (KTin (NSUBI) + 0.56

Bide Wall Janetion C apacitatice per teter of length at zero bias

Bide Wall Junction Capacitance Grading Coeficient

FESWisthe sidewall juncion buit in voltage, FE = (KTigIn (NSUBMI) + 0.56

Zero Bias Gate-Soutce Capacitance per meter of gate width

Zero Bias Gate-Dirain Capacitanice per meter of gate width

Zero Bias Gate-3ubstrate Capacitance per m eter of gate length

Page 5
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RIT MOSFET SPICE Parameters

RESULTS USING SPICE LEVELS 49, 3,1

A BT G | DN I E I N G | T T T

MODEL RITSUBN49 NMOS (LEVEL=49 VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=1.5E-8 XJ=1 84E-7 NCH=1.45E17 NSUB=533E 16 XT=8 66E-8 N5S=3E11 PCLM=5
+XWREF= 2 0E-7 XLREF=2.95E-7 VTH0=0.5 U0= 926 WINT=2.0E-7 LINT=1.84E-7 +NGATE=5E20
+RSH=1082 JS=3 23E-8 JSW=3 23E-8 CJ=6 8E-4 MJ=0.5 PB=095

+CISW=1 26E-10 MJISW=0.5 PBSW=095

+CGS0=3.4E-10 CGD0=3.4E-10 CGB0=575E-10) Measured
" vdisbranch  — vdSsbrench D1 2/16=L/W Top Right NMOS
B i e I, -y I s s . o i
LEVEL49 4. Ofeconannnnn .f ........... Jevesasnnns Jesssnannean Prossacnana {
VT0=05
UO=1082
2.0 ssvcocfododisssmntlitsloncosvsonsdecvsssnonss: Sesescsssse ‘
0.0
0.0 1.0 2.0 3.0 4.0 s.0
sveep v
B et =i et = otitviesk
e aeye 0 il anch
7.4 ‘.0
LEVEL 1 o B S s s e e PR POV IS ot ooy ok SO e TORTOOE, RO SR LEVEL3
VTO=05 i R st cAn £ e S T B P ol . ¥TO=05
U0=363 el e et il L Ll et R P s S o o SR TN S A (1o
1 ;/’/ & 10
0 s 10 1 s ° s )-o s .0 o8 s 0 cgﬂ e 10 14 e ‘ 20 s o0 o LN
L . o~
Page 6
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RIT MOSFET SPICE Parameters

SILVACO ATHENA SIMULATIONS OF D/S IMPLANT

|

File v ) \iew + ]

Plot =) Tools + |

Print = |

Properties r) Help r_)

ATHEHA
Data from deckbABAaDG040

LAY 4
e
;YA

Microns

15

25

Microns

12

Section 1 from deckbABAaDB040
(5.7, -0.778) to (5.7 ,1.76)

P2
L]

P
-
Crod o

#—+ Active Boron (fom3)
Het Doping {/cm3)

(5}
=

-
]
rod ol

P

-
-l
rod ol

=

143
133
1273
m L L L L L e |
04 08 12 16 2 2.4
Microns

m

Section 2 from deckbABAaDB040
(11.6, -0.704) to (11.6 , 2.36)

¥ fctive Boron {fom3)
Het Doping {/on3)

0 1 12 14 16 18 2 22 24 28
Microns

Printing complete

B SIYACD International 2000

1\

Rochester Institute of Technology

Microelectronic Engineering
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RIT MOSFET SPICE Parameters

SILVACO ATHENA (SUPREM)

7/

go athena

#set grid

line x loc=0.0 spac=0.1
line x loc=1.0 spac=0.05
line x loc=10.0 spac=0.05
line x loc=12.0 spac=0.1

line y loc=0.0 spac=0.01

line y loc=2.2 spac=0.01

line y loc=3.5 spac=0.3 ) ...

line y loc=6.0 spac=0.5 Starting wafer resistivity = 11.3 ohm-cm

init silicon phosphor resistivity=11.3 orientation=100 space.mult=5.0

# ramp up from 800 to 900°c|soak 55) min dry 02, rarrr]uoI down to 800 n2

diff time=10 temp=800 t.final=900 dryo2 press=1.0 hcl.pc=0 . :

diff time=50 temp=900 weto2 press=1.0 hcl.pc=0 Grow Kool 0X|de 1000 A
diff time=20 temp=900 t.final=800 nitro press=1.0 hcl.pc=0

deposit photoresist thickness=1.0
etch phtotoresist left ;1.x=2.0
etch photoresist right p1.x=10.00

4 ion implant crain and source lon Implant P-type D/S at Dose = 1E15

implant boron dose=1e15 energy=70 tilt=0 rotation=0 crysatal lat.ratio1l=1.0 lat.ratio2=1.0

Etch photoresist all Stri P photoreSiSt

# ramp up from 800 to 1000°c soak 90 min, ramp down to 800 n2

diff time=20 temp=800 t.final=1000 nitro press=1.0 hcl.pc=0 -
diff time=90 temp=1000 nitro press=1.0 hcl.pc=0 Anneal D/S implant

diff time=40 temp=1000 t.final=800 nitro press=1.0 hcl.pc=0

. F /
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SILVACO ATHENA (SUPREM)

7/

lon Implant P-type channel at
i Dose =0, 4ell, 1el2, 4el2
ion implant channel

implant boron dose=4e12 energy=60 tilt=0 rotation=0 crysatal lat.ratio1=1.0 lat.ratio2=1.0

etch oxide all

# ramp up from 800 to 1000°c soak 90 min dry 02, ramp down to 800 n2 -
diff time=20 temp=800 t.final=1000 dryo2 press=1.0 hcl.pc=0 GrOW 700 A gate Odee

diff time=90 temp=1000 dryo2 press=1.0 hcl.pc=0
diff time=40 temp=1000 t.final=800 nitro press=1.0 hcl.pc=0

deposit nitride thick=0.010 DepOSit 100 A nitride

# ramp up from 800 to 1000°c soak 50 min dry 02, ramp down to 800 n2

gig time=10 temp=800 t.ginal=1000 dronhpIresszl.O hcl.pc=0 Temp CyC|e fOf grOWth Of
iff time=50 temp=1000 dryo2 press=1.0 hcl.pc=0 .

diff time=20 temp=1000 t.final=800 nitro press=1.0 hcl.pc=0 OXyn |tr|de

deposit oxynitride thick=0.01 Deposit 100 A Oxynitride

deposit poly thick=0.60 c.boron=4e20 Deposit 6000 A po|y
#dﬁ ;?mp up from 800 to 10fOO°i: soak 30 min, ramp d0\r/]vr|1 to 800 n2
iff time=20 temp=800 t.final=1000 nitro press=1.0 hcl.pc=0
diff time=30 temp=1000 nitro press=1.0 hcl.pc=0 Temp CyC|e for pOIy dOpe
diff time=40 temp=1000 t.final=800 nitro press=1.0 hcl.pc=0
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SILVACO ATHENA (SUPREM)

|

etch poly left p1.x=1.5
etch poly right p1.x=10.5

File 'r) Wiew v) Plot v) Tools \-) Print 'r) Prope

ATHEMA

etch oxynitride left p1.x=1.5 - ata from dec
etch oxynitride right p1.x=10.5 : : : et Tom et

etch nitride left p1.x=1.5
etch nitride right p1.x=10.5

etch oxide left p1.x=1.5
etch oxide right p1.x=10.5

deposit alumin thick=0.5 DepOSit 5000 A aluminum

etch alum start x=1.0 y=-2.0
etch cont x=1.0 y= 2.0

etch x=11.0y= 2.0

etch done x=11.0 y=-2.0

Microns

struct outfile=UofH.str
tonyplot UofH.str
quit

Rochester Institute of Technology

Microelectronic Engineering Tonyplot example Only
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SILVACO ATHENA (SUPREM)
Crossection of MOSFET Channel Doping Profile 1
: - L M

o " %—x Nt Doping (/om3)

I :

% 20

o 3

D 19-5

:

C_U 8 1 17 g

- é H Y. \ 18

= 2

= [ > X .

— = PO000000000000000000000000D00BINIIINK ¥
(D) 4 v — Materials

— 1| .! g -

% % :: Si3Na 13

c 5—- e :; v %% OxyNitride

U : —-12 y i m::: 12

B 6= T T Ty 1 r " LN BAUEE RIS BEEE AR | T =y
2n 0 2 4 6 8 10 12 04 08 12 18 2 24 28 32

/ Microns Microns
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SILVACO ATHENA (SUPREM)

D/S Doping Profile 2 Channel Doping Profile 3

¥—x Active Boron (/cm3) J

P

0

Channel Implant Dose
wmw RATTTY BERTTTT RRETT SRR

%X Net Doping (/cm3)

-
A é
i‘ 14 ==

| 13

|
/¥
12 /
T lrvl'Ivvlllv'VI.'vrwlﬁvvlvVIl =y 1" -v*flLrl*11‘||1||[|vrrrvvll‘r—r—rr"ﬂ'rr' :y
08 12 16 2 24 28 32 1 2 3 4 5 6 7 8
Microns Microns
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SILVACO ATLAS (DEVICE SIMULATOR)

Go athena

mitinfile=UofH.sr ~ Read in structure file created by Athena

#name the electrodes. ..
Electrode name=gate x=6

Electrode name=source x=0 Define location of gate, source, drain and substrate

Electrode name=drain x=12
Electrode name=substrate backside

(13 5

Go atlas

# define the gate workfunction
Contact name=gate p.poly

# define the Gate gss

Interface qf=1ell

# use the cvt mobility model for MOS
Models cvt srh

# set gate biases with Vds=0.0
Solve init
Solve vgate=0 vsubstrate=0 outf=solve_temp0

Sol te=-1 bstrate=0 outf=solve t 1 I I

Solve yise— vatbstrate Dautaveemsl - Do calculations for given gate voltage and

Solve vate=3 vsubstrate=0 outf=solve_temp3 U bstrate voltage (Vg=0,-1,-2,-3,-4,-5 and
te=- trate=0 outf= m _

Solve vgate=5 vsubsirate=0 outi=solve temps  VSUD=0,+5,+10+15)

# load in temporary file and ramp Vds

Log outf=Vg_0.log
Solve name=drain vdrain=0 vfinal=-5 vstep=-0.5 In —0.5 volt steps

Load infile=solve_temp0 Sweep drain voltage from 0 to -5 volts /
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SILVACO ATLAS (DEVICE SIMULATOR

# load in temporary file and ramp vds

load infile=solve_temp1l

log outf=vg_1.log

solve name=drain vdrain=0 vfinal=-5 vstep=-0.5

# load in temporary file and ramp vds

load infile=solve_temp2

log outf=vg_2.log

solve name=drain vdrain=0 vfinal=-5 vstep=-0.5

al# Ic()jaq H templorary file3and ramp vds
oad infile=solve_temp .
logoutf=vg 3log ~ Sweep drain voltage from 0 to -5 volts
solve name=drain vdrain=0 vfinal=-5 vstep=-0.5 )
In -0.5 volt steps

# load in temporary file and ramp vds

load infile=solve_temp4

log outf=vg_4.log

solve name=drain vdrain=0 vfinal=-5 vstep=-0.5

# load in temporary file and ramp vds

load infile=solve_temp5

log outf=vg_5.log

solve name=drain vdrain=0 vfinal=-5 vstep=-0.5

# extract max current and saturation slope
extract name="pidsmax” max(abs(i.”drain”))
extract name="p sat slope” slope(minslope(curve(abs(v.”drain’), abs(i.”drain’)))

tonyplot —overlay vg_0.log vg_1.log vg_2.log vg_3.log vg_4.log vg_5.log —setmos1ex09_1.set
quit

UUIILULLT 1TIVLILULL U 1 LU TTIVIVY Y
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ATLAS SIMULATED FAMILY OF CURVES

Channel Implant
Dose = none
Vsub =0

~
\

-
=iy
— 1 »— PDrain Current (A)
0O— =- o e S
-1 D e e et ot i
j _2 i({
1e-06 = ,"‘x ’/%'
E o ¢
i Eras o o /%./
2e-06 —_ )3____)(” Y- X (/, 2{
a /g
3e-06 — /,>< /
] | < vg_o.log y /
i X X Vg_1. X K
4e-06 — g - J
= X --X Vg_2.log e /
1 | %% Vg. Slog e ;
5e-06 — | x---x vg_4.log ,/
_ /
= x= Vg_5.log >
6e-06 — 4 /
e - 4
=l X
7e-06 — ,'/
7 e
- ‘,/
8e-06 ——' X
v i
9e-06 — x
B I I T T I T T T I T T T I I T T l I T T l T T
-5 -4 -3 2 1 0
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RIT MOSEFET SPICE Parameters

SILVACO ATHENA > ATLAS > UTMOST > SPICE

UTMOST Generates
SPICE model parameters
from ATLAS output file.

Rochester Institute of Technology

Microelectronic Engineering

Extraction of SPICE Model Parameters from ATLAS
Device Simulation Using UTMOST

Many uzers would like to extract SPFICE models from
their process and device simulation using ATHENA and
ATLAS to be used in actual circuit simulation without
actually fabricating the device.

Using SILVACO's UTMOST you can extract SPICE
model parameters from the simmlation results of
ATHENA and ATLAS.

To guide uzers on how to go about extracting SPICE
madel parameters an example which exiracts BSIM33
maodel from process/devics simulation iz used in this
articla.

All these commands can be executed from a single soft-
ware - DeckBuild.

The commands are heavily commentad so that you
Imow their functions and purpose.

Here we will concentrate on the UTMOST batch mode
commands. Here we only cower a very simple case and
there iz no local optimization. The UTMOST interactive
made can be used sawe the UTMOST setup info a file
UTMOST interactive cannot be examited from DeckBuild.

A LA
A RN A

HErai

] L P R R o7 ST EOE PR TR B )

Figure 1. TonyPloz of Daclce strusturs.

B —— start of deckbuild commands

# Commands that can be used in deckbuild to exizact
# Spice model Parameters. The deck for TCAD is
#not complete - Below are examples of commands that

ol warrad SA rake ru LAk

ST VI TR SRS

(RN LD i B | o T, Y )
e Yor 0 e

Cfar Awoed hozorsaed b oovon
T
sl Lol v T sk
N e
» i Lemm D ean i
7 repee 0w WeA

TRy

oA X
amen e BAL e Lo REu i e

IRERT RIS

L Lt
i 0P W 7R

LI NTY I T T e v VT T TR

Arraraslpe s 14:

# maybe usad in VIWWF Athena and Aflas to obtain the
# device characteriztics

sEssss YIAKD AHENA SIMULATION #55
# Fun proces:s simulation
o athena

# Extract the poly length LD

J extract name="1d" thick paly yval=0

|| extract name="ntmost_1d*(51d"1.0=-4

extract thickness oxide mat.occno=1 name="tox"
extract name="utmost_tox" (Stox"1.0=-100

FEFFFE YLARD ATLAS DEVICE SIMULATION $5

goatlas

Fligure 2. DeckBwid e,
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SILVACO ATHENA GENERATED IMPURITY PROFILES

Microns

ATHENA

Data From rit_smfl_nmos. str

2 3
Microns

4

Section 1 from rik_smfl_nmos . skr

{214, 0.2) to (2,14 , 6.61)

149
¥ Boron {Som3)
Met Doping | o)
18 +— Phosphoms {/cm3)

16

1%

14

13

1 2 3 4 5
Microns

L M o o O O LN BN LN LR B

6

Section 2 from rik_smf_nmos . str

{3.32 , -0 .476) to {3.32 , .52)

20

13

129

— Boron (o3
HMet Doping {AcmI)

+— Phosphorus {/cm3)

11

L LN LN BN NN B
1 2 3 4 5 [
Microns
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=

ATLAS GENERATED DEVICE CHARACTERISTICS

ATLAS

Data from rit_smfl_nmos_ldv¥d-¥qg.log

0.00016 —

0.00014 —

0.00012 —

0.0001 —

fe-05 —]

——*  Drain Current (A}

ATLAS

Data from rit_smfl_nmos_|ld¥g-Vb.log

~
\

Be-05 — -
_ =

4e-05 — ]
- le-05 —

2e-05 _
7 =

0 —] 4

- -05 —]

- T T T T T T T T -

0 1 2 3 5 ]

Drain Yoltage (V) _|

6e-06 —]

de-06 —]

ze-06 —]

0 —

¥ Drain Current (A)

ATLAS

Data from rit_smfl_nmos_ld¥Yg-¥b.log
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UTMOST GENEREATED SPICE PARAMETERS

NMOS PARAMETER DECK:

*2-27-2007 UTMOST EXTRACTIONS.MODEL CMOSN NMOS (LEVEL=49
VERSION=3.1 CAPMOD=2 MOBMOD=1+TOX=328.4E-10 XJ=3.5E-7 NCH=7.0E19
VTH0=0.8627+K1=0.5 K2=-0.0186 K3=80 WO=2.5E-6 NLX=1.740E-7+DVTOW=0
DVT1W=0 DVT2W=-0.032 DVT0=2.2 DVT1=0.53 DVT2=0.1394+U0=670 UA=2.25E-9
UB=5.87E-19 UC=-4.65E-11 VSAT=80000+A0=1 AGS=0 B0=0 B1=0 KETA=-0.047
Al1=0 A2=1+RDSW=0 PRWG=0 PRWB=0 WR=1 WINT=2.58E-8 LINT=1.86E-8+XL=0
XW=0 DWG=0 DWB=0 VOFF=-0.06464 NFACTOR=1.3336+CIT=0 CDSC=0.00024
CDSCD=0 CDSCB-0 ETA0=0.08 ETAB=-0.07/+DSUB=0.56 PCLM=1.39267
PDIBLC1=0.39 PDIBLC2=0.0086 PDIBLCB=0 +DROUT=0.19093 PSCBE1=4.00E8
PSCBE2=6E-6 PVAG=0 DELTA=0.01 PRT=0+UTE=-1.5 KT1=0 KT1L=0 KT2=0
UA1=4.3E-9 UB1=-7.6E-18+UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0
WWN=1+WWL=0 LL=0 LLN=1 LW=0 LWN=1 LWL=0+XPART=0 +CGD0=1.99E-10
CGS0=1.99E-10 CGB0=5.75E-10 CJ=4.23E-4+PB=0.99 MJ=0.4496 CJSW=3.83
PBSW=0.1083 MJSW=0.1084+PVTH0=0.02128 PRDSW=-16.155 PK2=0.0253
WKETA=0.01886 LKETA=0.0205)**

Rochester Institute of Technology

Microelectronic Engineering /
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/=1 RIT MOSFET SPICE Parameters ﬁ
UTMOST GENEREATED SPICE PARAMETERS

FROM ATHENA SIMULATED DEVICE CHARACTERISTICS

PMOS PARAMETER DECK:

*2-27-2007 UTMOST EXTRACTIONS.MODEL CMOSP PMOS (LEVEL=49
VERSION=3.1 CAPMOD=2 MOBMOD=1+TOX=328.7E-10 XJ=3.5E-7 NCH=3.0E19
VTHO0=-0.6322+K1=0.6423 K2=-0.0856046 K3=80 K3B=0 WO=2.0E-6 NLX=1.0E-
/+DVTOW=0 DVT1W=0 DVT2W=-0.032 DVT0=1.5 DVT1=0.50 DVT2=-
0.0193+U0=187.362 UA=1.1762E-9 UB=1.0E-22 UC=5.003E-3
VSAT=4.835E6+A0=3.9669 AGS=0 B0=0 B1=0 KETA=-0.0385 A1=0.19469
A2=0.40150+RDSW=0 PRWG=0 PRWB=0 WR=1 WINT=1.67E-8 LINT=3.150E-
7+XL=0 XW=0 DWG=0 DWB=0 VOFF=-0.06464 NFACTOR=1.3336+CIT=0
CDSC=0.00024 CDSCD=0 CDSCB=0 ETA0=0.08 ETAB=-0.07+DSUB=0.56
PCLM=1.39267 PDIBLC1=0 PDIBLC2=1E-5 PDIBLCB=0 +DROUT=0.19093
PSCBE1=4E8 PSCBE2=6E-6 PVAG=0 DELTA=0.01 PRT=0+UTE=-1.5 KT1=0 KT1L=0
KT2=0 UA1=4.3E-9 UB1=-7.6E-18+UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0
WWN=1+WWL=0 LL=0 LLN=1 LW=0 LWN=1 LWL=0+XPART=0 +CGD0=2.4E-10
CGS0=2.4E-10 CGB0=5.75E-10 CJ=7.2/E-4+PB=0.97 MJ=0.496 CJSW=3.115
PBSW=0.99 MJSW=0.2654+PVTH0=0.00942 PRDSW=-231.3 PK2=1.397
WKETA=1.863 LKETA=5.729)*

N
\
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UTMOST GENERATED SPICE DECK FROM MEASURED SMFL

CMOS PROCESS DEVICE CHARACTERISTICS

v

\

*1-15-2007 FROM ROB SAXER UTMOST EXTRACTIONS

.MODEL RITSMFLN49 NMOS (LEVEL=49 VERSION=3.1 CAPMOD=2 MOBMOD=1
+TOX=310E-10 XJ=9.0E-7 NCH=8.2E16 VTH0=1.026

+K1=1.724 K2=-0.1212 K3=0 K3B=0 WO=2.5E-6 NLX=4.80E-9

+DVTOW=0 DVT1W=0 DVT2W=-0.032 DVT0=0.1466 DVT1=0.038 DVT2=0.1394
+U0=687.22 UA=2.34E-9 UB=-1.85E-18 UC=-1.29E-11 VSAT=1.64E5

+A0=0.4453 AGS=0 B0=0 B1=0 KETA=-0.0569 A1=0 A2=1

+RDSW=376.9 PRWG=0 PRWB=0 WR=1 WINT=2.58E-8 LINT=1.86E-8

+XL=0 XW=0 DWG=0 DWB=0 VOFF=-0.1056 NFACTOR=0.8025

+CIT=0 CDSC=-2.59E-5 CDSCD=0 CDSCB-0 ETA0=0 ETAB=0

+DSUB=0.0117 PCLM=0.6184 PDIBLC1=0.0251 PDIBLC2=0.00202 PDIBLCB=0
+DROUT=0.0772 PSCBE1=2.77E9 PSCBE2=3.11E-8 PVAG=0 DELTA=0.01 PRT=0
+UTE=-1.5 KT1=0 KT1L=0 KT2=0 UA1=4.3E-9 UB1=-7.6E-18

+UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0 WWN=1

+WWL=0 LL=0 LLN=1 LW=0 LWN=1 LWL=0

+XPART=0 +CGD0=1.99E-10 CGS0=1.99E-10 CGB0=5.75E-10 CJ=4.23E-4
+PB=0.99 MJ=0.4496 CJSW=3.83 PBSW=0.1083 MJSW=0.1084

+PVTH0=0.02128 PRDSW=-16.155 PK2=0.0253 WKETA=0.01886 LKETA=0.0205)
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/=1 RIT MOSFET SPICE Parameters ﬁ
UTMOST GENERATED SPICE DECK FROM MEASURED SMFL

*1-15-2007 FROM ROB SAXER UTMOST EXTRACTIONS
.MODEL RITSMFLP49 PMOS (LEVEL=49 VERSION=3.1 CAPMOD=2 MOBMOD-=1
+TOX=310E-10 XJ=8.8E-7 NCH=3.1E16 VTHO0=-1.166
+K1=0.3029 K2=0.1055 K3=0 K3B=0 WO=2.5E-6 NLX=2.01E-8
+DVTOW=0 DVT1W=0 DVT2W=-0.032 DVT0=2 DVT1=0.5049 DVT2=-0.0193
+U0=232.53 UA=4E-9 UB=-2.26E-18 UC=-6.80E-11 VSAT=4.40E4
+A0=0.6045 AGS=0 B0=0 B1=0 KETA=-0.0385 A1=0 A2=1
+RDSW=1230 PRWG=0 PRWB=0 WR=1 WINT=1.67E-8 LINT=6.50E-8
+XL=0 XW=0 DWG=0 DWB=0 VOFF=-0.0619 NFACTOR=1.454
+CIT=0 CDSC=-4.30E-4 CDSCD=0 CDSCB-0 ETA0=0 ETAB=0
+DSUB=0.2522 PCLM=5.046 PDIBLC1=0 PDIBLC2=1E-5 PDIBLCB=0
+DROUT=0.2522 PSCBE1=2.8E9 PSCBE2=2.98E-8 PVAG=0 DELTA=0.01 PRT=0
+UTE=-1.5 KT1=0 KT1L=0 KT2=0 UA1=4.3E-9 UB1=-7/.6E-18
+UC1=-5.6E-11 AT=3.3E4 WL=0 WLN=1 WW=0 WWN=1
+WWL=0 LL=0 LLN=1 LW=0 LWN=1 LWL=0
+XPART=0 +CGD0=2.4E-10 CGS0=2.4E-10 CGB0=5.75E-10 CJ=7.27E-4
+PB=0.97 MJ=0.496 CJSW=3.115 PBSW=0.99 MJSW=0.2654
~ tPVTH0=0.00942 PRDSW=-231.3 PK2=1.397 WKETA=1.863 LKETA=5.729)

\

Rochester Institute of Technology
Microelectronic Engineering

=

: © December 22, 2013 Dr. Lynn Fuller |= Page 57




RIT MOSFET SPICE Parameters ﬁ

SMFL CMOS PROCESS “HOT & COLD” SPICE MODELS

All parameters the same except those listed are changed to give more
transistor current for the hot models:

.model hot nmos (LEVEL =11 VERSION =3.1

TOX =270E-8 VTH0=0.926 U0=750 RDSW =330)
.model hot pmos (LEVEL =11 VERSION =3.1
TOX=270E-8 VTHO0=-1.066 U0=250 RDSW = 1.00E3)

.model cold nmos (LEVEL =11 VERSION=3.1

TOX =350E-8 VTHO0=1.126 U0=620 RDSW =410)
.model cold pmos (LEVEL =11 VERSION=3.1

TOX =350E-8 VTHO=-1.266 U0=200 RDSW = 1.45E3)

VD
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HOMEWORK - SPICE MOSFET MODELS

1. Write an abstract that summarizes the main ideas presented in this
document.
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