
-1-

15 November 2016  Franz Sischka

CONTENTS:
DC  MODELING ...................................................................................................................................2
CONVENTIONAL  CV  MODELING......................................................................................................4
CONVENTIONAL  CV  MODELING AT DIFFERENT FREQUENCIES.................................................5
IMPROVING THE MODELING BY IMPEDANCE CURVE MODELING ................................................7
COMPARISON CV vs. IMPEDANCE MODELING QUALITY.............................................................. 12
CONCLUSIONS .................................................................................................................................14



-2-

15 November 2016  Franz Sischka

Tutorial About Applying Impedance Curve Modeling
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Example:
Modeling a LED
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First of all,
the DC Modeling Result
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measured
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Forward

Reverse

For the example LED, to model both, the low-voltage recombination range, and also the high-voltage
range, a sub-circuit with two diode models, placed in parallel, is applied. The upper bias voltage range
modeling is achieved by a series resistor RS.

No reverse DC bias modeling is applied, because the measurement result is below instrument
resolution.
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The Conventional CV Modeling Result  @ 1MHz
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The CV modeling is applied conventionally, at 1MHz, with the model parameters CJO, M, VJ and FC of
the high-bias-voltage diode model D_HI.
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Conventional CV Measurements at Different Frequencies
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Problem:
the measured CV-curve at different frequencies is frequency dependent !!!

measured
simulated
1MHz CV Modeling

500kHz   to  2MHz, step 50 kHz

freq

A more detailed measurement of the diode's CV curve, at different frequencies, is applied. A small
dependence of the CV curves with frequency is observed. Model-wise, only the 1MHz measurement is
fitted by the previous CV modeling.
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Adding a Series Inductor Improves CV(freq) Modeling

-8-

Although the added series inductor improves the fit,
the frequency-dependent measurements are still
not fitted well, especially for the frequencies below 1MHz.

freq

measured
simulated
1MHz CV Modeling

500kHz   to  2MHz, step 50 kHz

Because our example, the LED, is a packaged device, we add a series inductor LS, and optimize its
value to the frequency-dependent CV curves.
But this only helps for frequencies above 1MHz. The lower CV curves for frequencies below the
conventional 1MHz CV modeling can still not be fitted.

Back to Top
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IMPROVING THE MODELING BY IMPEDANCE CURVE MODELING
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A better approach:

Instead of CV Measurements,

We Now Apply Impedance Curve Measurements

and Develop a Device-Specific Model

from the Impedance Plot
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Inspection of the Impedance Curves
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 In the Impedance Plot above,
the imaginary parts of the measured impedances are modeled OK (the previous CV modeling @1MHz),
but not the measured real parts.
Note: The shifted real parts correspond to the loss of the capacitance

(also called the 'tan-delta' of the capacitor),  i.e. a resistor in series with the capacitor.

 the DC series resistor RS, fitting well the DC measurements, is not big enough to shift the simulated
(blue) curves to the right, covering the measured (red) ones.

measured
simulated, based on DC and
conventional CV (only) modeling

vac

vac=1V
vac=0.9V

vac=-1V ..0.8V

freq

500kHz   to  2MHz, step 50 kHz

Impedance Curve Interpretation in Details
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RS + RTD // RSCTD

500kHz   to  2MHz, step 50 kHz

skin effect

tangens-delta loss

RS + RTD RS + RS1 + RTD // RSCTD

freq

RS

First of all, in the Model Netlist, the DC and the CV modeling has to be decoupled:
 Diode D_DC_HI is only used to fit the DC curves.

- Its CV junction model is switched-off by setting parameter CJO= 1a
Note: If a diode Transit Time modeling is required (but not here in our current LED example),
then the corresponding parameter TT is the one of diode D_DC_HI,
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because the diffucsion capacitance is TT*gDiode , and the diode conductance gDiode

is modeled by D_DC_HI.
 A separate Diode model, D_CV, is added in parallel to D_DC_HI//D_DC_LO,

with no DC current modeling (IS=1E-25).
- this allows to add a resistor RTD (R_tangens-delta) to model the loss of the capacitor
- if required (like in our current modeling problem), this resistor can be enhanced

to a sub-circuit for frequency-dependent loss modeling
With this enhancement, we are now able to model the frequency-dependent loss, from its low-
frequency starting value RS+RTD, to RS+RTD//RSCTD at high frequencies.

 The real part of the impedances then increases for increasing frequencies, what is modeled with a
resistor in parallel with an inductor (RS1//LPRS1): the inductor shorts this additional series resistor at
low frequencies, but adds its value at high frequencies.

IN DETAILS:
Model development procedure for the impedance curve in the slide above
The yellow curve depicted above is the target for the following modeling steps:
- At low frequencies, the diode impedance's resistance is the DC resistor RS,

in series with the capacitor loss resistance (tangens delta), RTD (~8Ω).
- With increasing frequency, CTD becomes more and more conductive,

and brings RSCTD (R in series with CTD) in parallel to RTD,
resulting in a lower tangens-delta resistance  (~4Ω).

- for further increasing frequencies, the resistance increases:
this can be fitted by a resistor with an inductor in parallel: RS1 // LPRS1
For increasing frequencies, the inductor LPRS1 no longer shorts RS1,
so that the total resistance in series with the Diode CV Model is finally

RS + RS1 + RTD // RSCTD
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Final Fitting of the Impedance Plot
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measured
simulated

500kHz   to  2MHz, step 50 kHz

This shows the fit of the model developed in the slide before.

Fitting of  the Diode Impedance Measurements
Interpreted by a Capacitance CS in Series with Resistor RS
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measured
simulated

vac = -1V .. 1V

vac = -1V .. 1V

500kHz   to  2MHz, step 50 kHz

CS
RS
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Final Fitting of the CV(freq) Modeling
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measured
simulated
1MHz CV Modeling

500kHz   to  2MHz, step 50 kHz

As a result, the previously discussed problem with the fitting of the CV-curves for low frequencies is
now resolved, by the Spice model developed from Impedance Modeling.

Fitting in the 1-Port S-Parameter Equivalent
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measured
simulated

500kHz   to  2MHz, step 50 kHz

S_1Port
Z - Z0

S_1Port = -----------
Z + Z0

A nice side-effect of impedance measurements is the easy conversion of impedance fo 1-Port S-
Parameters, shown above.

Back to Top
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COMPARISON CV vs. IMPEDANCE MODELING QUALITY
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Comparison
- Conventional CV Modeling
- LC-Modeling
- Impedance Modeling
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Sxx Sxy

freq:    1MHz  to 1GHz  [LOG]

13MHz

13MHz

13MHz

13MHz

13MHz

13MHz

The advantage of applying impedance modeling rather than conventional, simple CV-modeling, is that
the obtained Spice model is much more realistic and much better at frequencies beyond the
measurement and modeling frequency range.

This is demonstrated by the slide above:
It shows simulations of
- the conventional CV modeling,
- the CV modeling enhanced by a simple 'fitting inductor',
- and also the impedance modeling
These S-Parameter simulations have been performed *above the modeling frequency range*.
This is also known as 'Model Robustness Check'.
The results are dramatically different:
- green trace: conventional CV modeling: just a capacitor (and we know that this is not true - it's
definitively *more* than just a capacitor !!!)
- light-brown trace: a simple C-L modeling: a resonance shows up at ~13MHz, what is quite a bit
doubtable ...
- light-blue trace: impedance modeling: the most reliable model which can be obtained from the
measurement frequency range 500kHz to 2MHz.

NOTE:
check the location of the 13GHz markers in the three modeling scenarios !!!

Back to Top
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CONCLUSIONS
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Conclusions

The impedance of a  packaged LED has been modeled
in comparison to a conventional CV modeling.

It was shown that the model performance is
dramatically improved when applying impedance modeling,
especially for frequencies above the modeling range,
while the measurement effort, applying an LCRZ meter, is identical.
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