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Abstract.  Very often EXCEL is called the most-used simu-
lator – but also for continuous ODE systems? Generally, 
EXCEL allows easy implementation of recursive formula, 
as for the EULER solver (there exist also ODE solver mac-
ros for EXCEL). This student project reports on experi-
ences with a basic recursive EULER solver for ARGESIM 
Benchmark C21, case study ‘RLC with Diode, and docu-
ments also the model set up for educational purposes.  
For the event handling of diode switching, two previous 
steps of the solver had to be observed – with reasonable 
results. Some problems occurred with the numerical 
treatment of the formula, because of the big range of pa-
rameters, leading to numerical extinction errors, espe-
cially in case of the Shockley formula interpolation. 
For the reasonable results, a very fine grid had to be used 
– an EXCEL table with 40.000 rows (and some for initialisa-
tion. The answer: EXCEL can also be used for continuous 
systems with events, but cannot be really recommended. 

Introduction – Basic Modelling 
ARGESIM Benchmark C21 ‘’State Events and Struc-

tural Dynamic Systems’, Case Study RLC with Diode is 
based on the dynamics of a simple RLC circuit with a 
diode in parallel (Figure 1). 

The RLC circuit is made up from idealized parts, with 
exception of the diode: an alternating voltage source  , 
two resistors  , , an inductor L and a capacitor C, all 
with continuous description between voltage and current.  

 
 

 
Figure 1: RLC Circuit with diode in parallel, counting  

direction for currents and voltages. 

The basic dynamics are given by the active elements, by 
inductor L and a capacitor C: 
 1              1

 

So generally, two coupled differential equations have to 
be solved. A basic solution approach is the Euler ODE 
solver with an appropriate stepsize  : 

, , 1 , , , ,   

, , 1 , , , ,   

EXCEL allows to implement these recursive formulas 
easily step by step in consecutive rows (Table 1). 
 0  ,  ,  … … … … n-1  ,  ,  n  , ,  1 , ,  1 n+1  , , + + , , ,   , , + + , , ,   … … … … 

Table 1: Euler solver steps in EXCEL. 
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For the diode, the benchmark suggests three different 
model approaches: an ideal diode, a diode with Shockley 
dynamics, and a diode with interpolated/approximates 
Shockley dynamics. Generally, the diode action – con-
ducting or locking changes the ‘update’-equations  and 

, requiring IF – THEN - ELSE constructs in the EX-
CEL implementation. 

1 RLC Model – Ideal Diode  
The characteristic behaviour of an ideal diode can be de-
scribed by a discontinuous function consisting of two 
parts. One part is for the locking phase; the other is for 
the conducting phase of the diode. 
 

 
Figure 2: Electrical symbol 

of a diode (detailed) 

 
Figure 3: Characteristics of an 

ideal diode. 

The mathematical description for the ideal diode is given 
by switching between locking phase  0  and con-
duction phase 0: 0,  0, 0 

1.1 RLC Circuit - ideal diode in locking phase 

In locking phase, the ideal diode is reverse biased and 
therefore no current    can pass. Figure 4 shows the cir-
cuit with directions for current (green circles). 
 

 
Figure 4: RLC circuit in locking phase. 

 
Applying Kirchhoff’s mesh rule (green circles) gives: 0 + + + +  0  

Kirchhoff’s junction rule in case of  0  ends up 
in the following identities: 

 

Using now the dynamic equations for inductor L and ca-
pacitor C, and Ohm’s law for the resistances R1 and R2  1              1

 ,  

allows to rearrange the equations for the voltages  

 

 

and with substitution of UL by u1 to derive the full dy-
namic description of the system: 1

 1
 + ,  0 

It is to be noted, that the diode voltage uD does not appear 
in the state equations for i1 and uc, but the equation for uD 
controls the locking phase  0 

The Euler ODE solver can be applied now to the state 
equations for i1 and uc  at an equidistant grid  … …  

with stepsize  : + 1
 

+ 1
 + ,  0 + ,  0 

This set of recursive equations is suitable for implemen-
tation in EXCEL. Additionally to the state update from 

 to , the relation for or  resp., must be 
checked for positivity.  

In case of negativity of  to next step takes place 
in the conduction phase. The exact time instant   
of phase change lies between   and  and is roughly 
approximated by the next update step. 
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1.2 Circuit - ideal diode in conducting phase 

In conducting phase, the ideal diode is forward biased 
and therefore current iD can pass. Due to this fact the ideal 
diode behaves like an ideal conductor in conducting 
phase and the voltage uD will be zero. 

 
Figure 5: RLC circuit in conducting phase. 

Applying Kirchhoff’s mesh rule (green circles) again 
gives: 0 + + + +  0  

But Kirchhoff’s junction rule in conducting phase with 0  now gives: 0      0       0  

Using now as before the dynamic equations for inductor 
L and capacitor C, and Ohm’s law for the resistances R1 
and R2 allows to rearrange the equations for the voltages 
with different result: 

 

 

In the conducting phase the ideal diode is a perfect con-
ductor and no voltage drop will appear 

 

so that with substitution of iL by i1 the full dynamic de-
scription in conducting phase becomes  1

 1
 

+ 1
 

Nevertheless, UD is zero in conduction phase we have to 
recognize phase changes by calculating UD also in this 
phase: +  

As before, the Euler ODE solver can be applied now 
to the state equations for i1 and uc at an equidistant grid  … …  

with stepsize  : + 1
 

F +  

+ 1 , + 1
  +  +  

If the diode voltage becomes nonzero, 0, the 
next step takes place in the locking phase. The exact time 
instant   of phase change lies between   and  
and is roughly approximated by the next update step. 

1.3 Phase change Locking - Conducting 

The diode voltage uD is the decisive factor which implies 
whether the diode is in locking phase or conducting 
phase. The sign change or the change to zero of uD are 
so-called state events, unknown in time, which decide 
that in each phase (locking or conducting) a different set 
of equations are used for the calculation of the voltage 
and current in the circuit. 

To recognize the state event start of the conducting 
phase (SCP), the diode voltage uD in the locking phase 
must be observed. When the diode voltage uD in the lock-
ing phase sinks below zero and changes its sign, the state 
event start of conducting phase is triggered. From now 
on the diode is in conducting phase and different equa-
tions including the equation for calculating uD itself must 
be used. This can be expressed by a so-called state event 
determination equation ! +         SCP 

determining the time instant , where SCP takes place, 
i.e. where the equation has a zero (from plus to minus): + 0 

Obviously, more SCP events occur, with event times ,  , alternatingly with SLP events at , . 
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And similarly, to recognize the state event start of the 
locking phase (SLP) the diode voltage uD in the conduct-
ing phase must be observed. When the diode voltage uD 
of the conducting phase changes its sign from negative to 
positive the state event start of the locking phase is trig-
gered. From now on the set of equations for the locking 
phase must be used.  

This can also be expressed by a state event determi-
nation equation ! + +       SLP 

determining the time instant , where SCP takes place, 
i.e. where the equation has a zero (from minus to plus): + 0 

And again obviously, more SLP events occur, with event 
times ,  , alternatingly with SCP events at , . 
 

During time solution in the locking phase and in the 
conducting phase, the state events SCP and SLP must be 
found. They take place between neighbouring steps of the 
ODE solver,  

 , or  resp.  

Some simulation systems provide algorithms for finding 
these event times iteratively.  

In EXCEL, we have fixed time steps, so one can 
simply approximate the event time with the next step 
time, where it is detected, i.e. the event SCP or SLP takes 
place between  and  , the event time is fixed with 

 . or . 

But unfortunately, using the sign change of the diode 
voltage uD as an indicator of phase change works only in 
theory also here. In this case study, the sign change is 
more complex. Due to the fact that in conducting phase 
the ideal diode behaves like a perfect conductor the diode 
voltage uD equals zero in conducting phase. So, the above 
mechanism for phase change can only be used from lock-
ing phase to conducting phase.  

From conducting phase to locking phase, the classical 
mechanism fails. it’s not possible to apply these defini-
tions, because there is only a transition from uD is zero to 
uD is positive – one has to observe in this case not only 
one time step  and  , but two time steps ,  and  

, to determine SLP with  properly. 
 

1.4 EXCEL implementation – ideal diode model 

In the following, the overall structure of the developed 
spreadsheet and the ODE solve update with event detec-
tion is described.  

At the top of the spreadsheet circuit parameters (elec-
trical characteristics), initial conditions and simulation 
parameters (e.g. time step) are initialized (Table 2).  

The benchmark definition and the characteristics of 
the input voltage U0 (high frequency excitation) suggest 
a simulation horizon of  5 10  sec, so we decided for a 
time step 1.25 10   sec, resulting in indeed 
40000 EXCEL rows. This fine resolution would not be 
necessary for the Euler solver, but for approximating the 
phase change time instants it was appropriate. A finer res-
olution would make problems with numerics (extinction 
error). 

 

 
Table 2: Overall structure of EXCEL implementation for 

ideal diode circuit. 

Below the parameter definitions of the spreadsheet, the 
columns for time t , the excitation voltage U0 , the current 
through inductor i1, the voltage in capacitor uC, the volt-
age drop in diode uD  and the current through diode iD  
start (Table 3). The EXCEL setup of the recursive equa-
tions for the EULER solver follows the principle given in 
Table 1. 
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In the first ten rows of the EXCEL simulation we as-
sumed to be in locking phase and used the equations of 
the locking phase. No case distinctions between the 
phases have been made in these rows. It can be compared 
with a booting up of the simulation. This approach is nec-
essary because of the recursive case distinction which 
needs the data of the rows before.  

So e.g. the state update in row 30 (i.e. at t5)  for  i1,5  
and uC,5  are in pseudo-EXCEL notation: 

C30=C29+dt*(1/L*(B29-C29*(R1+R2)-D29)) 

D30=D29+dt*(1/C*C29) 

After this ‘booting’ for the solver update in the cells for 
i1, uC , uD and iD – i.e. in columns C, D, E and F – it is 
necessary to make use of if-then-else formula for calcu-
lating the values in a cell.  

To determine the values in these columns, the infor-
mation from three timesteps is needed for update to tk , 
from tk-2 and tk-1  for current and voltage and from  tk for 
time and voltage input.  

In cell C37, the current through inductor at timestep 
tk is calculated. To update the current i1 either the recur-
sive formula in locking phase or the recursive formula in 
conducting phase must be applied. For the distinction be-
tween these two formulas the occurrence of phase change 
must be checked.  

This is done by observing the diode voltage UD of two 
timesteps before (tk-2 and tk-1). If both are greater than zero 
(AND condition uD(tk-2) > 0 & uD(tk-2)), the value for i1  is 
calculated with equation of the locking phase. Otherwise, 
the equation of the conducting phase is used (Table 4, 
upper part).  

 
            Table 3: Start of spreadsheet simulation. 

 
 

 
            Table 4: Conditional computation of current and voltage depending on phase, ideal diode model. 



Breitenecker et al.    EXCEL Solution for ARGESIM Benchmark C21 - Case RLC with Diode 

164      SNE 35(3) – 9/2025 

B N E 

The capacitor voltage uC is calculated in cell D37. 
Similar to calculation of i1 also here a case distinction 
between locking and conducting phase must be made. 
The case distinction is also based recursively on the 
values of uD(tk-2) and  uD(tk-2), see Table 4, lower part. 

In the general consideration wrt. phase change before, 
only one previous step was necessary. But here two steps 
must be used, because of determining the direction of 
change and taking into account that the diode voltage 
does not cross zero, it is positive or zero. 

1.5 EXCEL simulation -- results ideal diode model 

The results for capacitor voltage uC , diode voltage uD 
and diode current  iD  show the expected behaviour (Fig-
ure 6). It is obvious, that the ‘ideal’ diode is a simplified 
idealized diode. While the time course for capacitor volt-
age uC seems reasonable, the time course for diode volt-
age uD shows a jump (not possible reality), and the diode 
current  iD  passes through in locking phase with a ‘spike’. 

 

 

 
Figure 6: EXCEL simulation results for ideal diode model. 

2 RLC Model – Interpolated  
Shockley Diode  

A Shockley diode acts 
similarly to an ideal di-
ode, but smoothens the 
phase change, and is 
much nearer to reality. 
Basically, it is perfect 
insulator. When the ap-
plied voltage changes its 
sign and the Shockley 
diode is forward biased 
the behaviour is differ-
ent to an ideal diode. 

There is an exponential link between diode current and 
applied voltage (Figure 7). 

The relation between current iD and voltage uD in a 
Shockley diode follows now a continuous function: 

 1 , 00, 0  

In the conducting phase, there is an exponential-shaped 
(nonlinear) relation between diode voltage and diode cur-
rent, which cannot be resolved directly. Generally, this 
relation adds an algebraic equation to the differential 
equations for capacity voltage and inductivity current, so 
that the system becomes a differential-algebraic equa-
tions – to be discussed in the next chapter. 

2.1 Model with interpolated Shockley diode 
The suggestion in this benchmark is, to approximate the 
nonlinear characteristics of the Shockley diode model by 
a table function, in this solution by three breakpoints, 
i.e.by two linear functions. 

 
Figure 8: Shockley diode characteristics with  

approximation by linear functions. 

 
Figure 7: Shockley diode. 
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tion of the Shockley diode is approximated with linear 
functions. The diode voltage of the forward biased diode 
is split up in two parts. The first part  extends between 
zero and 0,33 [V] and the second part  extends be-
tween 0,33 [V] and 1 [V] (see Figure 8):           0 0,33     +        0,33 1 

The model description with interpolated Shockley diode 
for the locking phase is the same as the model description 
with the ideal diode. 

For the conducting phase with the interpolated 
Shockley diode, now the equations change. Following 
again Figure 5 (RLC circuit with conducting phase of di-
ode) we end up with the following differential equations 
for capacitor voltage  uC  and inductor current i1:  1 + +  1

 

In these equations now the diode current appears, which 
is to be expressed and substituted by other voltages or 
currents resp. 

Kirchhoff’s mesh rule or junction rule, resp. gives the 
relations 0 +  0 +  

Now we can use the linear relations of the interpolated 
Shockley characteristics  (region ) or     +    (region ): ++        0 0,33 + +       0,33 1 

Inserting now the linear equations for the diode current  
iD into the ODEs result for  case  in  1 + + ++  1 ++  

and for case  in: 
 

1 + + + +  

1 + +  

Now the Euler solver has to be applied, which e.g. for the 
voltage equation in case  gives 

 + + +  

2.2 Phase change Locking - Conducting 

The event handling with the interpolated Shockley diode 
is similar to the event handling with the ideal diode. In 
the locking phase the diode voltage uD corresponds to the 
state event condition function of the conduction phase. In 
analogy, the diode voltage uD in conduction phase is the 
state event condition function for the locking phase.  

The interpolated Shockley diode simplifies the state 
event recognition, because there is also a voltage drop 
along the diode when it is forward biased. But in the con-
ducting phase, there are two different sets of equations 
for calculating i1, uC, iD and uD depending on the value of 
the uD in the former timestep.  

The start of conduction phase (SCP) is triggered by 
the value of uD in the locking phase. A transition of the 
value of uD from positive to a negative number indicates 
the conducting phase start: ! +  

The start of the locking phase (SLP) is triggered by the 
value of uD in the conducting phase. A transition of the 
value of uD from negative to a positive number indicates 
the locking phase start: ! +           0 0,33    +      0,33 1 

So, the change of the linear relation for the diode current 
is an additional event, which should be treated properly.  

It must be mentioned, 
that with the diode data 
given, the exponential 
function has a very big 
slope, as well as the lin-
ear functions (Figure 9). 
So also alternatives are 
possible, e.g. linearisa-
tion (see Section 2.5) 

 
Figure 9: ‘Real size’ of  

diode characteristics. 
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2.3 EXCEL Implementation – interpolated 
Shockley diode 

The top of the spreadsheet for the model with the inter-
polated Shockley Diode is almost equivalent to the top of 
the model with ideal diode (Table 2).  Only a few param-
eters for the linear interpolation for the diode voltage – 
current relation are added.  

Also the simulation of the interpolated Shockley di-
ode model starts in locking phase – for 10 rows without 
conditions for phase change 

In Table 5, cell C37 shows the Euler solver update for 
the conductor current , with conditions for phase 
changes and interpolation selection.  

The first distinction is for determining locking or con-
ducting phase, the second one is programmed inside the 
conducting phase and decides about the linear interpola-
tion function of diode voltage  and diode current  
(shown in Table 6, cell E37 and cell F37).  

 From cell E36 to cell E37 the code changes from 
E36=C36*$B$5+D36 to 

E37=WENN(UND(E35>0;E36>0);C37*$B$5+D37; 
    WENN(E36>=-0,333;$B$17*F37; 
    $B$18*F37+$B$19)) 

2.4 EXCEL simulation interpolated Shockley 

diode model - results 

The smoothening dynamics of the (interpolated) Shock-
ley diode model should eliminate the jumping character-
istics of the ideal diode model. The results for capacitor 
voltage uC , diode voltage uD and diode current  iD  show 
the expected smoothed behaviour.  

 

 
Figure 10: EXCEL simulation results for interpolated 

Shockley model – capacitor voltage. 
 

 
     Table 5: Conditional computation of current and voltage depending on phase, interpolated Shockley diode model. 

 

 
     Table 6: Conditional computation of diode current and diode voltage depending on interpolation formula. 
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Figure 11: EXCEL simulation results for interpolated  

Shockley model – diode voltage and diode current. 

Diode voltage uD  (Figure 11, below) shows now contin-
uous behaviour, and diode current  iD  shows almost no 
‘spikes’, and the resulting capacitor voltage uC looks now 
also continuous (Figure 10) – in comparison with results 
from ideal diode model (Figure 6). 

2.5 Linearisation of Shockley formula 

A classical approximation for the nonlinear Shockley for-
mula is the linearisation of the exponential function, e.g. 
at linearisation point 0,  1! 1 + + 12 + 16 +  

so that  gets the linear approximation formula 

 1 ~ 1 + 1  1
 

Now starting again with Kirchhoff’s joint formula, 0 +  

we substitute  by the above linearised formulation 0 +  

and get linear formulas for  and  : + + ,   + +   
These relations are equivalent to the formula for the first 
region of the Shockley formula interpolation with   ~  :        1       ++  

Figure 12 shows the situation: instead of the linear func-
tion with slope  now the tangent with slope  can 
be used – and interestingly, the simulations show almost 
the same results.  

 
Figure 12: Shockley diode characteristics – interpolated, 

   linearized and approximated around zero. 

And interestingly, the indeed same results are produced 
with a slope  , with  , as some exper-
iments have shown. Reason is, that the current  is very 
low, so that approximation near to 0 is sufficient. 

Generally, one could also use a linearisation around a 
proper linearisation point  0 : 1!  ~  1 +  

so that  becomes  ++  

There is a tricky algorithmic choice for the ‘unknown’ 
: if the formula is used in the course of the Euler 

solver, then  can be estimated with the previous 
value  for the diode voltage: ++  
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3 RLC Model – Shockley Diode  
The Schockley diode model constitutes an exponential 
link between diode current and applied voltage (Fig-
ure 7). The relation between current iD and voltage uD in 
a Shockley diode follows now a continuous function: 

 0,  01 , 0 

In the conducting phase, there is an exponential-
shaped (nonlinear) relation between diode voltage and di-
ode current, which cannot be resolved directly.  

3.1 RLC Model with Shockley formula 
RLC modelling for the conducting phase first yields  1

 1 + +  

In both differential equations now iD must be substitutes 
by the Shockley formula: 1 1  

1 + + 1  

Now also in Kirchhoff’s junction formula 0 +  

 iD is substitutes by the Shockley formula: + 1  

This nonlinear algebraic equation for uD is added to the 
above differential equations for uC and  i1, which would 
need uD as further (algebraic) state variable. The result is 
a DAE system, a differential-algebraic system, which 
needs special solvers, combining ODE solving and non-
linear equation solving. 

A proper alternative is now to derive a differential 
equation for the diode voltage uD . Calculating the deriv-
ative of the algebraic equation for uD results in  

+ 1 +  

Now the derivatives  and  are replaced by the differ-
ential equations: 1 + + 1 + + 1  

         1 +  

Now the Euler solver is applied on these three differential 
equations, for state update, giving  + , ,  + , ,  +  , ,  

where the function f, g and h represent the right-hand side 
of the ODE formulas. 

 

3.2 Phase change Locking - Conducting 

In the simulation of the fully dynamic Shockley diode the 
state event recognition is again based on the diode volt-
age uD. Finding the state event of locking phase start is 
facilitated because of negative voltage uD in conducting 
phase. Another advantage is now that no further case dis-
tinction in conducting phase is needed for the computa-
tion of the diode voltage.  

The state event condition function of the conducting 
phase is given by: ! +  

whereby uD is now solution of the differential equation 
for uD in resolved form. completes the  

 
3.3 EXCEL implementation – Shockley diode 

model 
The top of the spreadsheet for the model with the inter-
polated Shockley Diode is almost equivalent to the top of 
the models before (Table 2). Only a few parameters for 
the characteristics of the Shockley equation are added, 
and an initial value for the ODE for the diode voltage. 

Also the simulation of the dynamic Shockley diode 
model starts in locking phase – for 10 rows without con-
ditions for phase change.  

Additionally, now an Euler state update for  must 
be programmed. In Table 7, cell E37 shows the Euler 
solver update for the diode voltage , with conditions 
for phase changes. 
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3.4 EXCEL simulation Shockley diode - results 

The results for the dynamics Shockley diode model show 
generally the expected continuous behaviour (Figure 13), 
comparisons with results from ideal diode model and in-
terpolated Shockley diode model see the next chapter. 
 

 

 

 
Figure 13: EXCEL simulation results for dynamic  

Shockley model. 

4 Comparison of Results 
A comparison of the results is to some extent difficult, as 
there were some problems with the numeri behaviour of 
the computation in EXCEL. So observed differences may 
also be caused by these numerical problems. 

In the Figure 14 the diode current for the three differ-
ent models are shown. The blue graph corresponds to the 
first case, the idealized diode. Its path through the locking 
phase is stable, as the diode voltage is at a relatively high 
level. As the conducting phase is entered, the current 
rises until its peak value is reached. In the second part of 
the conducting phase, the current decreases and reaches 
even positive values.  

Per definition an ideal diode is conducting only if it is 
forward biased, so the computed peaks in positive direc-
tion are wrong. The reason therefore is the chosen case 
distinction which demands two positive values for UD in 
a row for switching to the locking phase equation set. The 
simulation algorithm remains in the equation set for the 
conducting phase, although it should already have 
switched.  

Analysing the graphs of the two other diode models 
(interpolated and fully dynamic Shockley diode), the 
above discussed artefacts do not appear. Case distinction 
works properly for switching between both phases, alt-
hough the same conditions are applied. The reason there-
fore is, that there is a voltage drop along the diode also in 
conducting phase. This voltage drop is calculated with 
the diode current at timestep tk. The voltage remains neg-
ative throughout the conducting phase and becomes pos-
itive with the current getting positive.  
Due to this fact, two timesteps are calculated with the 
wrong set of equations before it is switched.  

 
     Table 7: Conditional computation of diode voltage with Euler step update. 
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In the ideal diode model at timestep tk, the diode cur-
rent is not needed for the computation of the diode volt-
age which causes the problems mentioned above. 

In Figure 15 the diode voltage for the three different 
models is shown. In the graph, major differences between 
the three diode models can be observed. The blue line 
meets the definition of an ideal diode. No voltage drop 
appears in the conducting phase. Studying the orange 
graph corresponding to the interpolated Shockley diode, 
a negative voltage drop in conducting phase can be 
viewed. The fully dynamic Shockley model shows the 
same behaviour even more distinctive.  

 

At a closer look on the diode voltage of the ideal 
model, the case switching problem mentioned above also 
is observable here. The switching from locking phase to 
conducting phase works properly, but not the following 
switch from conducting to locking phase. The equation 
for the locking phase delivers completely different values 
compared to the equation of the conducting phase in the 
timestep before. From one timestep to the following, the 
diode voltage increases by several orders of magnitude. 
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Figure 14: Comparison of simulation results for diode current – ideal diode, interpolated and dynamic Shockley diode. 

 
Figure 15: Comparison of simulation results for diode voltage – ideal diode, interpolated and dynamic Shockley diode. 


