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DICTAT VALIDATION
David Rodgers and Fan Lei

Abstract— DICTAT (Dielectric Internal Charging Threat
Assessment tool) is an engineering tool for performing 1-d
Internal Charging simulations. It is widely used by spacecraft
designers via the SPENVIS (Space Environment Information
Service) website. For many years version 3 has been available on
SPENVIS. Because of the upcoming JUICE mission, a new
version of the code (version 4) was developed which increases the
validity of the code to higher energies of incident electrons and
enables both high and low atomic number materials to be
simulated. Because the changes to the code represented a
significant deviation from the physics used in DICTAT, it was
considered important to revalidate the new code. The outputs of
the code were compared with results from past experimental
investigations, version 3 of DICTAT and outputs of the NUMIT
code [2] and the Mulassis [3] 1-d radiation transport code.
Although the current deposition calculated by DICTAT is quite
simple its results are in reasonable agreement with the Monte
Carlo code both for low-Z and high-Z materials. However, for
polymers, the dose-rate algorithm used by versions 3 and 4 of
DICTAT was quite poor particularly at the lowest energies,
which could affect results for thinly shielded dielectrics for which
radiation-induced conductivity is the main cause of charge
leakage. Reasonable qualitative and quantitative agreement
between DICTAT version 4 and NUMIT were seen in a number
of cases that were examined. A number of possible improvements
to DICTAT have been identified.
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I.

INTRODUCTION

DICTAT (Dielectric Internal Charging Threat Assessment
tool) is an engineering tool for performing 1-d Internal
Charging simulations [8]. It is widely used by spacecraft
designers via the SPENVIS (Space Environment Information
Service) website. DICTAT uses analytical equations to
describe the transport of electrons through the materials and
their deposition within materials. Subsequently Ohms law is
used to model the movement of charge by conductivity. In this
conduction step, a complication arises because conductivity is
a function of the electric field, dose rate and temperature. All
these factors are modelled in the code by analytical equations.

 , the approximation is made that the
In calculating dose-rate D
energy deposited by the electrons per second is independent of
energy. This leads to the following relation which implies that
the dose-rate is a simple function of the deposited current
density J.

D  1.92 1011 J

rads s-1

(1)
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For several years version 3 has been available on SPENVIS
(https://www.spenvis.oma.be/). Because of the upcoming
JUICE mission, a new version of the code (version 4) [11] was
developed which increases the validity of the code to higher
energies of incident electrons and enables both high and low
atomic number materials to be simulated. In particular, the
equation of Weber [9] to describe electron range in
Aluminium was replaced by a material-depended algorithm of
Tabata [10]. Also a new fit was made to the ‘straggle’ of
electrons which describes how electrons are absorbed before
the range is reached. The other algorithms from version 3 of
the code were unchanged.
Because the changes to the code represented a significant
deviation from the physics used in DICTAT, it was considered
important to revalidate the new code. The outputs of the code
were compared with results from past experimental
investigations, version 3 of DICTAT and outputs of the
NUMIT code [1] and the Mulassis [2] 1-d radiation transport
code.
II.

COMPARISONS WITH EXPERIMENT:

In 1999 a series of electron irradiation tests was carried out
by ONERA, France, Department d’Environnement Spatial
(DESP) [1] for validating the original version of DICTAT. In
these tests, carried out under vacuum, the characteristics of the
test samples and the environment were systematically changed.
The tests included:


2 different dielectric materials (Epoxy glass
composite printed circuit board material and FEP
Teflon film)



3 different sample thicknesses of each material



3 different Al shielding thicknesses in front of the
samples (0, 200µm, 490µm)



2 different energy mono-energetic electron beams
(750keV and 1500keV) and a continuous spectra
representative of a severe charging environment
(called GEODUR)

The results of these tests were re-examined and some
examples are shown in Fig.1 and Fig.2 below. In these figures
the old and new versions of DICTAT are labelled v3.5 and
v4.1 and the experimental data are labelled DERTS.
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Fig.1 Epoxy and mono-energetic beams

Fig.2 Teflon and continuous GEODUR spectrum
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It was seen in the mono-energetic results of Fig.1 that
sometimes DICTATv3 predicted zero charging when some
charging did occur. This is because of the simple straggle
formula, which assumes linear drop-off of beam intensity
(therefore uniform current deposition) in a defined thickness
range. For high beam energy and low combined thickness of
shielding and dielectric, this over-simplicity can lead to
problems. Monte Carlo simulations from Mulassis [2] (Fig.3)
show that the real straggle is smoother and that some current
is deposited at lower material thicknesses than DICTATv3
predicts. The new algorithm in DICTATv4 is an improvement,
as was seen in Fig.4, but has not totally eliminated this
problem at energies above a few MeV. For continuous
omnidirectional spectra like those encountered in space, this
problem is effectively smoothed out and of less importance.

Fig.3 Example of DICTAT old (v3) and new (v4) straggle calculation for
1MeV electrons in Aluminium compared to Mulassis calculation of and
forward travelling current and total current including backward travelling
current

Using the continuous GEODUR spectrum there was general
agreement between the experiment and DICTATv3 within a
factor of 2 or 3, as shown in Fig.2. DICTATv4 generally
performed as well or better than DICTATv3. However, a
stronger improvement would have been expected if high-Z
shielding has been used instead of Aluminium, but this was
not part of the original test sequence.
III.

COMPARISON WITH OTHER SIMULATION TOOLS:

A. Mulassis comparisons
1) Monte Carlo radiation transport codes like Geant-4based Mulassis [2] offer a more physically accurate but slower
method of calculating deposited current and radiation dose.
Mulassis does not derive electric fields but can be used to
validate the particle transport aspects the DICTAT calculation.
In Fig.4, DICTATv4 and Mulassis are compared for Tantalum
irradiated by 10MeV electrons and Mylar by 0.1MeV
electrons. Also shown are current and dose predicted by Tabata
et al. 1971 [12] and Tabata et al. 1989 [13] algorithms
respectively.

Fig.4 DICTATv4 comparison with Mulassis in terms of current and dose rate
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The currents in Fig.4 show good agreement between
DICTATv4 and Mulassis and the Tabata71 algorithm at both
high and low energy and for both high and low-Z materials.
For high-Z material and high energy, DICTATv4’s dose-rate
calculation is inaccurate by around a factor 2 but the
difference is probably acceptable given the uncertainty in
other aspects internal charging simulations (e.g. material
properties). For low-Z material and low energy, the dose rate
calculated by DICTAT is quite poor, indicating that the simple
function in equation (1) becomes too inaccurate in this case.

Case 2—[4] Frederickson 1993, fig.2


Electron beam current = 1e-12 A/cm2



Electron energy E = 1 MeV, normal incidence



Shielding: 0.04 cm Mylar



Dielectric sample:

B. NUMIT comparisons
To make comparisons with the US NUMIT code, published
results using this code were consulted. All the cases examined
consisted of mono-energetic mono-directional beams and so
were potentially more sensitive to DICTATs simple straggle
algorithm than would be found in a natural spectrum. NUMIT
results are indicated by ‘NM’ in the plots below. In these
examples we compare electric fields, which are the key
outputs of both codes, or its integral, the surface voltage.

o
o

A = 19, Z = 9
Thickness =
0.3cm, grounded at the
back side

o

Density = 2.0 g/cm3, Dark conductivity
σ0 = 1e-19 /(ohm.cm)

o

Dielectric constant εr = 4.0

o

kp = 1e-17 s/(ohm-cm.rad), Δ = 1,

Case 1—[2] Jun et al. 2008, fig.5


Electron beam current = 1e-11 A/cm2



Electron energy E = 0.5MeV, normal incidence



Shielding: none



Dielectric sample:
o

PMMA, A = 12, Z = 6

o

Thickness =
sides

o

Density = 1.19 g/cm3

o

Dark conductivity σ0 = 1e-16 /(ohm.m)

o

Dielectric constant εr = 3.71



Electron beam current = 2.35e-7 A/cm2

o

kp = 2.76e-16 s/(ohm-m.rad), Δ = 1



Electron energy E = 2.5MeV, normal incidence,



Shielding: none



Duration: 1.89 seconds



Dielectric sample:

Fig.6 Comparison of surface voltage versus time

0.1cm, grounded on both

Fig.5 Comparison of electric field throughout the sample at 1min, 1hr and
10hrs.

Case 3 - [5] Frederickson et al 1993, fig.6

o

PMMA, A = 12, Z = 6

o

Thickness =
sides

o

Dark conductivity σ0 = 1e-16 /(ohm.cm)

o

Dielectric constant εr = 3.1

o

kp = 2.76e-16 s/(ohm-cm.rad), Δ = 1

1.27cm, grounded on both
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results from DICTAT compared to NUMIT and the
experimental data. In this case, the beam intensity was very
high, around five orders of magnitude higher than charging
currents observed in geostationary orbit. It seems likely that
the very high dose-rate in this case and DICTAT’s simple
dose-rate calculation are the cause of these differences.
IV.

CONCLUSIONS:

The current deposition calculated by DICTAT is quite simple
and works best for continuous omnidirectional spectra like
those experienced in the Earth’s radiation belts. Although
comparisons
with
mono-energetic
mono-directional
experimental data were usually reasonable, there were cases
where DICTAT predicted zero charging when, in fact,
significant charging was seen. DICTATv4 is an improvement
over DICTATv3 in this regard.
Fig.7 Comparison of electric field throughout sample with experimental data
also shown

Case 4—[6] Frederickson 2004


Electron beam current = 4e-13 A/cm2



Electron energy E = 1.0 MeV, normal incidence



Shielding: 0.0025 cm Cu + 0.02 Al = 0.0283 cm
Al



Dielectric sample:
o

FR4, A = 38, Z = 19

o

Thickness = 0.312 cm, grounded on both
sides

o

Density = 1.89 g/cm3

o

Dark conductivity σ0 = 5e-16 /(ohm.cm)

o

Dielectric constant εr= 5.08
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For continuous spectra, compared to experimental data,
DICTAT was shown to give reasonable values, (within a
factor 3 of high charging levels) in comparison to the
experimental results and DICTATv4 was seen to be at least as
good as DICTATv3, even for low-Z materials. For high-Z
materials a further improvement is expected but could not be
validated in this study.
Despite the simplicity of the DICTATv4 current algorithm,
Mulassis comparisons show that it works acceptably well for
high and low Z materials and over a wide range of electron
energy. However, for low-Z materials like polymers, the doserate algorithm used by both DICTAT v3 and v4 was quite
poor—particularly at the lowest energies, which could affect
results for thinly shielded dielectrics for which radiationinduced conductivity is the main cause of charge leakage.
Reasonable qualitative and quantitative agreement between
DICTATv3 and v4 and NUMIT were seen in three cases that
had been published in the literature. A fourth case showed
poor agreement but this case used unrealistically high fluxes
and doses so that DICTAT’s weakness in dose-rate calculation
became critical.
It is concluded that DICTATv4 can already play a useful role
in internal charging analysis, especially where radiationinduced conductivity is not a dominant process. In addition a
number of possible improvements to DICTAT have been
identified.
 Improve dose-rate calculation (possibly to Tabata98
[13])
 Use <0.1 MeV current formula from Kim [7].
 Replacement of current and dose-rate calculations by
Monte Carlo transport

Fig.8 Comparison of electric field throughout sample

Cases 1 and 4 showed reasonable qualitative and quantitative
agreement between DICTATv3 and v4 and NUMIT. In case 2
NUMIT voltage was a factor 2 higher than DICTAT which is
still acceptable. Case 3 is anomalous, with a very different
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