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1 Introduction

This document is intended to provide a quick start with (i) the PSP icker noise model and (ii)
the JUNCAP2 junction model for those who are familiar with their BSIM3 or BSIM4 equivalents.
Trangdations from BSIM3 and BSIM4 icker noise and junction parameters to PSP and JUNCAP2
parameters are provided. Thereader should be warned, however, that afull one-to-one trandationisin
general not possible. These tranglations are merely intended to provide BSIM users that are switching
over to PSP with initial parameter sets. In Section 2 we will treat the trandation of icker noise
parameters, and in Section 3 wewill treat junction parameters. The tranglation schemes provided will
be veri ed using examples run in acircuit simulator.
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2 From BSIM to PSP icker noise parameters

2.1 Introduction

The PSP icker noise model has the same physical background [ 1] asthat of the uni ed noise models
in BSIM3v3 (noimod or ) and BSIM4 (fnoimod ). Therefore, an approximate trandation
of the BSIM noise parameters into the corresponding PSP parameters is possible and will be outlined
in this section. For other icker noise models selected in BSIM3/4, no straightforward trandation is
possible.

2.2 BSIM3
2.2.1 Trandation scheme

In BSIM3v3 the so-called uni ed icker noise model is selected by setting the switch  noimod to 2
or 3. Inthat case, the icker noiseis calculated using the parameters listed in Table 2.1.

BSIM 3v3 parameter | Description

noise parameter A

noise parameter B

noise parameter C

icker exponent

length reduction parameter offset

Table 2.1: Overview of BSIM3v3 uni ed icker noise model parameters

The PSP icker noise model has the following differences w.r.t the BSIM 3v3 mode:

Thereis no equivalent of the parameter . Itsvalueis xedto inPSP.
There is no equivaent of the parameter . Itsvalueis xedto in PSP

In PSP the calculations are done in a surface-potential based framework instead of athreshold-
voltage-based framework. Therefore, the transition between weak and strong inversion is
smoother and more physical in PSP,

When in BSIM3v3 and , one can trandlate the parameters
and into the corresponding PSP parameters (see adlso [2]) using Table 2.2.
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PSP parameter | Calculated from BSIM 3v3 parameters as follows:

local model parameters

global model parameters

binning model parameters

continued on next page
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continued from previous page

PSP parameter | Calculated from BSIM 3v3 parameters as follows:

Table2.2: Trandation of BSIM3v3to PSP icker noise parameters

2.2.2 Veri cation

The BSIM3v3-to-PSP trandation schemefor icker noise has been tested using the Spectre simulator.
With BSIM3v3, and simulations have been performed for a10/10 m n-channel device from
a90-nm CMOS technology. A PSP local parameter set has been generated which tsto the resulting
and curves. In the BSIM3v3 the icker noise parameters : , and
have been set to their default values. The corresponding PSP parameters have been found using the
trandation scheme of Table 2.2. The noise of the BSIM3v3 and PSP models has been compared
using a two-port noise analysis in Spectre. The icker noise voltage spectral density on the 50-
output port is compared in Fig. 2.1(a) for BSIM3v3 and PSP. BSIM 3v3 shows behavior which cannot
be reproduced in PSP (which has a smoother and more realistic shape). The BSIM3v3 behavior is
related to the parameter . When , and thus in PSP, is set to zero, the agreement
between BSIM3v3 and PSP is much better, as shown in Fig. 2.1(b).

In conclusion, the BSIM 3v3-to-PSP trand ation schemefor icker noise gives reasonable results, but a
full one-to-one agreement is evidently not possible due to fundamental differences in the core model.
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Figure 2.1: (a) Comparison of BSIM3v3 (markers) and PSP (line) icker noise simulation in Spectre

for a 10/10 m n-channel device at a frequency of kHz. The drain-source voltage is 1 V.

BSIM3v3 parameters were set to their default values : , and
. The corresponding PSP parameters were

, and . (b) Same, but now with and
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2.3 BSIM4
2.3.1 Trandation scheme

In BSIM4 the uni ed icker noise model is selected by setting the switch  fnoimod to 1. In that case,
the icker noiseis calculated using the parameters listed in Table 2.3.

BSIM4 parameter | description

Flicker noise parameter A

Flicker noise parameter B

Flicker noise parameter C

Flicker noise frequency exponent

length reduction parameter offset

Table 2.3: Overview of BSIM4 uni ed icker noise model parameters

The BSIM4 uni ed icker noise model is very similar to its BSIM3v3 equivalent. Therefore, just
as in the BSIM3v3 case, one can trandate the parameters , , and into the
corresponding PSP parameters provided that and in BSIM4. Note however
that the BSIM4 parametrization is dightly different:

In BSIM3v3, the value of , i.e., the attenuation coef cient of the electron wave function
in the gate oxide, was xed to (which is the correct value when expressed incm ). In
BSIM4, however, this value is xed to (which is the correct value when expressed in
m ).

In BSIM4, an additional factor (i.e., elementary charge) has been included in the pre-factor
of the icker noise equation.

As a consequence, the values of the BSIM4 icker noise parameters need to be times larger
than their BSIM 3v3 counterparts to get the same amount of icker noise. Similarly, when wetrandate
BSIM4 icker noise parameters into PSP icker noise parameters, we need to include an additional
factor of as compared to the BSIM3v3 trandation scheme of Table 2.2. This leads to the
tranglation scheme as given in Table 2.4.

6 € Koninklijke Philips Electronics N.V. 2006
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PSP parameter | calculated from BSIM 4 parameters as follows:

local model parameters

global model parameters

binning model parameters

0

continued on next page

€ Koninklijke Philips Electronics N.V. 2006



NL-TN 2006/00302 April 2006 From BSIM 3/4 to PSP Unclassi ed Report

continued from previous page

PSP parameter | calculated from BSIM4 parameters asfollows:

Table 2.4: Trandation of BSIM4 to PSP icker noise parameters.
The symbol  denotes the elementary charge.

2.3.2 Veri cation

The BSIM4-to-PSP trandation scheme for icker noise has been tested using the Spectre simulator.
With BSIM4, and simulations have been performed for a10/10 m n-channel device from a
90-nm CMOS technology. A PSP local parameter set has been generated which tsto these and

curves. Inthe BSIM4 the icker noise parameters , , and have been set to
their default values. The corresponding PSP parameters have been found using the translation scheme
of Table 2.4. The noise of the BSIM3v3 and PSP models has been compared using a two-port noise
analysis in Spectre. The icker noise voltage spectral density on the 50-  output port is compared
in Fig. 2.2 for BSIM4 and PSP. Excellent agreement is observed, much better than in the BSIM3v3
case.
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Figure 2.2; Comparison of BSIM4 (markers) and PSP (line) icker noise simulation in Spectre for a
10/20 m n-channel device at a frequency of kHz. The drain-source voltage is 1 V. BSIM4
parameters were set to their default values , , and

. The corresponding PSP parameters were , ,
and
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3 From BSIM junction parametersto JUNCAP2 parameters

3.1 Introduction

This chapter isintended to provide aquick start with the JUNCAP2 junction model for those who are
familiar with the BSIM3 or BSIM4 junction models. Trandations from BSIM 3 and BSIM4 junction
parameters to JUNCA P2 parameters are provided.

3.2 BSIM3
3.2.1 Introduction

We will base ourselves on the documentation of BSIM3v3.3, as found on the BSIM website [3].
The junction parameters taken from this document are listed in Table 3.5. It was found that the
junction parameter list in the Spectre simulator was extended w.r.t. the Berkeley documentation (e.g.,
parameters , ). Thus, readers should be careful in applying the information in this chapter
to their own situation, because their BSIM3v3.3 version/implementation may also deviate from the
description in the BSIM3v3.3 manual.

BSIM3v3.3 BSIM 3v3.3 parameter description unit

parameter

name
source junction area m
source junction perimeter m
drain junction area m
drain junction perimeter m
temperature at which parameters are extracted K
bottom junction capacitance per unit area at zero bias F/m

bottom junction capacitance grading coef cient -

bottom junction built-in potential \%

source/drain sidewall junction capacitance per unit length at zero | F/m
bias

source/drain sidewall junction capacitance grading coef cient -

continued on next page
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continued from previous page

BSIM3v3.3 BSIM3v3.3 parameter description unit
parameter
name

source/drain sidewall junction built-in potential \%

source/drain gate side wall junction capacitance per unit lengthat | F/m
zero bias

source/drain gate side wall junction capacitance grading coef - | -

cient

source/drain gate side wall junction built-in potential \%
temperature coef cient of VIK
temperature coef cient of VIK
temperature coef cient of VIK
temperature coef cient of UK
temperature coef cient of UK
temperature coef cient of UK
saturation current density A/m
side wall saturation current density A/m

emission coef cient -

junction current temperature exponent coef cient -

limiting current A

Table 3.5: Overview of BSIM3v3.3 junction capacitance parame-
ters.

10 € Koninklijke Philips Electronics N.V. 2006
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3.2.2 Instance parameters

The JUNCAP2 stand-alone model has inherited its instance parameters , , and from the
JUNCAP (level=1) model. Here isthe junction area, the junction isolation sidewall perime-
ter, and the junction gate edge sidewall perimeter. It is important to realize that the instance
parameters in BSIM3 are de ned somewhat differently. In BSIM3, the instance parameters and

represent the junction area of source and drain, respectively’. The instance parameters and

represent the total junction perimeter (isolation sidewall plus gate sidewall). In table 3.6, the
trandation from BSIM 3 to JUNCAP2 instance parametersis given. Here, represents the BSIM3
effective width of the MOSFET.

For JUNCAP2 as embedded in the PSP MOSFET model, the junction dimensions can be speci ed in
different ways, depending on the value of the switch . For dl details on this, please
refer to [4].

JUNCAP2 instance parameter | calculated from BSIM 3 quantities as follows:

source drain

Table 3.6: Trandation of BSIM3 junction instance parameters to JUNCAP2 instance parameters.

3.2.3 Junction capacitance parameters

Just like JUNCAP2, the BSIM 3v3.3 junction capacitance model distinguishes bottom, isolation side-
wall, and gate sidewall components of the capacitances.

Moreover, the BSIM3v3.3 junction capacitance model is parametrized in terms of a built-in voltage,
grading coef cient, and zero-bias capacitance, just as JUNCAP2.

Nevertheless, the JUNCARP2 capacitance model is not fully compatible with the BSIM3v3.3 junc-
tion capacitance model. The reason for this is that the BSIM3v3.3 junction capacitance model, as
compared to JUNCAP2, has additional temperature scaling parameters for built-in voltages ( ,

, and ), and zero-bias capacitances ( , : ). For JUN-
CAP2, these effects are incorporated in the underlying physics and therefore these BSIM 3v3 parame-
ters have no JUNCAP2 equivalents. In addition, the BSIM3v3 handles the junction capacitance under
forward bias differently than JUNCAP2.

Assuming that the above-mentioned additional temperature scaling parameters are zero or at a physi-
cally reasonable value, one can use Table 3.7 to translate BSIM 3v3.3 junction capacitance parameters
into JUNCAP2 parameters. An example comparison of a BSIM3v3.3 simulation of the junction ca-

INote that BSIM3, in contrast to BSIM4, does not have the permod switch, discussed in section 3.3.2.

€ Koninklijke Philips Electronics N.V. 2006 11



NL-TN 2006/00302 April 2006 From BSIM 3/4 to PSP Unclassi ed Report

pacitance with a JUNCAP2 simulation is shown in Figure 3.3. Good agreement is observed. For prac-
tical situations the temperature dependence of junction capacitance is fairly small, and the different
treatment of thisin BSIM3v3 and JUNCAP2 only gives minor deviations in the junction capacitance.

14
12} .
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o 08
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05 00 05 10
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Figure 3.3: Comparison of BSIM3v3.3 simulation of junction capacitance with a JUNCAP2 simula-
tion. The BSIM3v3.3 simulations showed no temperature dependence and are indicated with black
markers. The JUNCAP2 simulations are indicated by colored lines, where the colors red, orange, yel-
low, green, blue, and violet indicate temperatures of -40, 0, 40, 80, 120, and 160 C, respectively. The
relevant BSIM3v3.3 parameters are , , , , )
and . The corresponding JUNCAP2 parameters are , ,

3.24 Junction leakage current parameters

The BSIM3v3.3 junction leakage model is quite different from the JUNCAP2 model. Some of the
major differences are:

For junction currents, BSIM3v3.3 makes no distinction between isolation sidewall and gate
sidewall. (N.B. for junction capacitances this distinction is made in BSIM3v3.3.)

BSIM3v3.3 has no models for Shockley-Read-Hall, trap-assisted tunneling, band-to-band tun-
neling, and avalanche breakdown. In reverse bias, only idea diode current is modeled by
BSIM3v3.3.

BSIM3v3.3 models non-ideality in the forward mode of operation using an emission coef cient
(or non-idedlity factor ). In JUNCAP2 thisismodeled by physical models for Shockley-Read-
Hall and trap-assisted tunneling.

In JUNCAP2 the temperature dependence of the ideal current can be tuned using the
parameters, which represent the band gap voltage. In BSIM3v3 the band gap is xed to 1.16
eV and anon-physical parameter is used to tune the temperature dependence. These two
different descriptions are not fully compatible.

12 € Koninklijke Philips Electronics N.V. 2006
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Let us rst discuss the special case that the emission coef cient inBSIM3v3.3isequal to 1. Now
we can make an (approximate) trandation to JUNCAP2, which is valid both in forward and reverse
mode of operation. In this case, we can write the BSIM3v3.3 expression for the bottom component
of the junction as:

—_— (3.1

with
_ — (3.2
Here  and represent the band gap in €V at the device temperature and at , respectively.
The BSIM3v3.3 formulas for are the same as those for JUNCAP2, with the exception that the

extrapolated zero-temperature band gap is xed to 1.16 €V in BSIM3v3.3, while it is an adjustable
parameter in JUNCAP2. Equating the BSIM3v3.3 and JUNCAP expressions leads to

— — (3.3
Now we approximate
L (3.9
Identifying with and with we get
(3.5
Solving for yields
(3.6)
For the more genera case that is not equa to 1, there is no straightforward tranglation from
BSIM3v3 to JUNCAP2 in the forward mode of junction operation. Moreover, EQ. (3.6) has to be
modi ed since in BSIM3v3.3 the emission coef cient also in uences the temperature depen-
dence of the junction saturation current
(3.7)

If we neglect the -dependence of equating Eq. (3.7) to the JUNCAP2 ideal current equation
leads to the following generalization of Eq. (3.6):

(3.8)

In Figs. 3.4(a), 3.4(b), and 3.5(a), the results of the BSIM3v3.3 junction model with
are compared with those of JUNCAP2. Here, we have used Eg. (3.8) to calculate the required value

€ Koninklijke Philips Electronics N.V. 2006 13
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for from the given value for . The full trandation of junction  -parametersis
summarized in Table 3.7. Asexpected, aclose match between BSIM3v3.3 and JUNCAP2 is observed
for the reverse behavior in the case that , which corresponds to . But
aso for , corresponding to , the match is very good (note that thisis
aready asomewhat unrealistic case, since such abig deviation from 1.16 eV isnot found in practice).
Only in extremely unrealistic cases, such as , corresponding to an unrealistic bandgap
voltage , the approximate nature of Eq. (3.8) becomes apparent (Fig. 3.5(a)). In

the forward mode of operation, the agreement is also very good, except for some deviations at high
currents due to the limiting behavior of the forward current in the Spectre simulator which was used
for this test.

In Figs. 3.5(b), a similar comparison is done for non-unity emission coef cient in BSIM3v3.3. Now
the slope of the forward  -curves differs in JUNCAP2, but the temperature scaling of the reverse
current is still well t due to the use of Eq. ( 3.8).

JUNCAP2 parameter | calculated from BSIM 3v3.3 parameters as follows:

General parameters

Capacitance parameters

continued on next page
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JUNCAP2 parameter | calculated from BSIM 3v3.3 parameters as follows:

Ideal-current parameters

Shockley-Read-Hall parameters

Trap-assisted tunneling parameters
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continued from previous page

JUNCAP?2 parameter

calculated from BSIM 3v3.3 parameter s as follows:

Band-to-band tunneling parameters

Avalanche breakdown parameters

continued on next page
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