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Ferrite Impedance Plot

Featuring:

* Subcircuit Variables and Passed Parameters

* A Simple Way to Add Parts to the Component Library
* Plotting Ferrite Core Impedance and S Parameters




News In Preview

This newsletter's Q and A section describes how to name nodes. Named nodes have the advantage
over system-assigned node number names in that they do not change. The Easily Overlooked Feature
section describes the Localize command.

The first article describes how to plot variables in subcircuits and macros.

The second article describes a method for quickly adding parts modeled by .Model statements to the
Component library.

The third article describes how to model ferrite cores and plot their impedance and S parameter
curves.
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Book Recommendations

General SPICE

* Computer-Aided Circuit Analysis Using SPICE, Walter Banzhaf, Prentice Hall 1989.

ISBN# 0-13-162579-9

* Macromodeling with SPICE, Connelly and Choi, Prentice Hall 1992. ISBN# 0-13-544941-3

* Inside SPICE-Overcoming the Obstacles of Circuit Simulation, Ron Kielkowski, McGraw-Hill, 1993. ISBN#
0-07-911525-X

* The SPICE Book, Andrei Vladimirescu, John Wiley & Sons, Inc., 1994. ISBN# 0-471-60926-9
MOSFET Modeling

* MOSFET Models for SPICE Simulation, William Lin, Including BSIM3v3 and BSIM4, Wiley-Interscience,
ISBN# 0-471-39697-4

Signal Integrity
e Signal Integrity and Radiated Emission of High-Speed Digital Signals, Spartaco Caniggia, Francescaromana
Maradei, A John Wiley and Sons, Ltd, First Edition, 2008 ISBN# 978-0-470-51166-4

Micro-Cap - Czech
* Resime Elektronicke Obvody, Dalibor Biolek, BEN, First Edition, 2004. ISBN# 80-7300-125-X

Micro-Cap - German
o Simmulation elektronischer Schaltungen mit MICRO-CAP, Joachim Vester, Verlag Vieweg+Teubner, First
Edition, 2010. ISBN# 978-3-8348-0402-0

Micro-Cap - Finnish
o Elektroniikkasimulaattori, Timo Haiko, Werner Soderstrom Osakeyhtio, 2002. ISBN# 951-0-25672-2

Design
* High Performance Audio Power Amplifiers, Ben Duncan, Newnes, 1996. ISBN# 0-7506-2629-1

o Microelectronic Circuits, Adel Sedra, Kenneth Smith, Fourth Edition, Oxford, 1998

High Power Electronics
* Power Electronicsy Mohan, Undeland, Robbins, Second Edition, 1995. ISBN# 0-471-58408-8

* Modern Power Electronics, Trzynadlowski, 1998. ISBN# 0-471-15303-6

Switched-Mode Power Supply Simulation
o SMPS' Simulation with SPICE 3, Steven M. Sandler, McGraw Hill, 1997. ISBN# 0-07-913227-8

* Switch-Mode Power Supplies Spice Simulations and Practical Designs, Christophe Basso, McGraw-Hill 2008.
This book describes many of the SMPS models supplied with Micro-Cap.



Micro-Cap Questions and Answers

Question: I was just wondering if there was a way of having node numbers stay fixed so when I
added a component they would not change.

Answer: Not directly. The node numbers must be able to adapt to a changing circuit. What you can
do though is to assign a node label like IN or OUT or even simpler A, or B, or C.

To assign a node label simply add text to any part of the node. Click on the Text icon, then click on
the node and type in a node name. Once the OUT node label is assigned to a node, you can plot
V(OUT) instead of say, V(10), avoiding the concern that the numeric name will change.

You can also add, edit, or change the node name by double-clicking on it while in Select mode. When
you do this a dialog box comes up showing the names the node already has. Every node has a numer-
ic name assigned by the program. It may have as many names as you like. To add a new one, type the
name into the Node Name(s) field. To edit an existing node name, select it from the list and then type
in the changes you want. Here is what the dialog box looks like:
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Easily Overlooked Features

This section is designed to highlight one or two features per issue that may be overlooked among all
the capabilities of Micro-Cap.

Localize command:

Ever had to send a circuit to a colleague and had trouble sending the necessary files? Well there's an
easy way to do it using the Localize command.

First some background: When you select an analysis, Micro-Cap accesses electrical modeling informa-
tion for any parts in the circuit that require models. How does it do this? It searches for the modeling
information (model parameter lists, model statements, subcircuits, or macro statements) in the follow-
ing order:
Local Search within the circuit:

* In the grid text or text area

* In the file named in the File attribute (if the device has one).

* In one or more files named in a .LIB filename statement.

* In any files named in the NOM.LIB of the folder specified for the last used LIBRARY path.

* In any files named in the NOM.LIB statement found in any path from a .PATH LIBRARY
command within the circuit.

Global Search using library paths:

* In any files named in the NOM.LIB statement found in any path from File menu / Paths / Model
Library and Include Files. If more than one path is specified, it searches them in left to right order.
For example, consider this path:

C:\Micro-Cap\LIBRARY ; D:\OTHER ; E:\ELSEWHERE

In this example, the search starts in C:\Micro-Cap\LIBRARY, then proceeds to D:\OTHER. Finally
EAELSEWHERE is searched.

Because Micro-Cap first searches locally in the circuit, you can use the Localize command to place
the needed model data within the circuit making it easier to send the circuit in a single file to your
colleague.



Subcircuit Variables and Passed Parameters

Have you ever needed to plot a macro or subcircuit variable like the voltage several levels deep in a
subcircuit or to see the value of a calculated, passed parameter? It's easy and here is how it can be
done; access the variable as X1.X2.variable_name, whete variable_name is the name you'd use at the
normal circuit level.

For instance, suppose you have this circuit. The main circuit calls the XYZ macro and it calls the
DEF macro.

Parameter passing between levels
Plotting the passed parameter x1.gain
Scope between macro levels
A and X1.A are distinct
.define B 2 Internal variables
.define C 5 You can plot the value of internal macros or subckts like this
: V(X1.X2.PINB)) The voltage on node PINB of the X2 macro called from the X1 macro.
.define A B¥C
You can plot the value of passed parameters
X1.X2.CIN The parameter CIN passed to the X2 macro inside the X1 macro.

FILE=XYZ

o

Fig. 1 - Sample Circuit
To plot the voltage at the node PINB in the X2 subcircuit called by the X1 circuit, use this:

V(X1.X2.PINB)

Each reference to a lower level subcircuit or macro use the subcircuit names (X1 X2) and a period
to separate them.

X1 is the name of the highest level subcircuit or macro.
X2 is the name of the next lowest level subcircuit or macro.
PINB is the name of the node in the X2 circuit whose voltage we want to plot.

The same method can be applied to other variables, like the resistance of the resistor R1 in X1
would be V(X1.R1) .

X1 is the name of the highest level subcircuit or macro.
R1 is the name of a resistor in X1
V(X1.R1) is the voltage across the resistor named R1.



Here, for example, is the capacitance of the capacitor C1 in X2, called from XT1.

X1 is the name of the highest level subcircuit or macro.
X2 is the name of the subcircuit or macro called from X1.
C1 is the name of a capacitor C1 in X2

V(X1.X2.C1) is the voltage across the capacitor C1.

What about passed parameters? Here is how is you'd plot the CIN parameter passed to the X2
macro.

X1 is the name of the highest level subcircuit or macro.
X2 is the name of the subcircuit or macro called from X1.
V(X1.X2.CIN) is the capacitance parameter passed to the X2 macro.

How about locally defined parameters? Here is how is you'd plot the value of the A variable in the
X1 macro.

X1 is the name of the highest level subcircuit or macro.
V(X1.A) is the value of the local A parameter in the X1 macro.

Note that there is an A variable defined in the main circuit that is distinct from the A variable de-
fined in the X1 subcircuit. The variables A and X1.A are separate and distinct.

This plot shows the value of several of these variables

" Variable_Scope.CR

1 1.0u 200
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Fig. 2 - Transient analysis showing variable values



A Simple Way to Add Parts to the Component Library

Here is a simple method to add parts to the Component Library.

If your part is a primitive (e.g. diode, NPN, NMOS, etc.) that is modeled with a .model statement,
then there is an easy way to add the part to the library.

Assume that you have an NPN called 2NK1730 and its .model statement. Here is what you do:

1) Create a file from the File New command.

2) Copy and paste the .model statement into the file.

3) Save the file in the LIBRARY folder. Call it MYLIB.LIB.

4) Open the NOM.LIB file from your LIBRARY folder and add this line anywhere in that file.

LIB "MYLIB.LIB"

This adds the contents of the MYLIB.LIB file, including your 2NK1730 part to the list of candi-
dates when you place a new part.

As you create new model statements for other parts, add them to the file. They can be of any
primitive type so long as they are modeled with a .model statement.

The 2NK1730 part name will not appear on the Component Menu. That is because when you add
the part using the Component editor's Add Part command, the first step specifies where in the
Component menu hierarchy you want the part name to appear. That step is missing in this simpler
procedure. The name, however, will appear as an item in the part name list in the Attribute dialog
box when you place an NPN part. Here are the steps again, this time in more detail.

1) Create a file from the File New command.

=

= i

" Schematic File (.dr) oK

Cancel
" Macro File {.mac)

ddil

Help...

" General Text File (. txt)

(™ SPICE File {.ckt)

{&" Text Library FiIT\\E.Iib)

" Binary Library File {.Ibr)

" Model File {.mdl)

o

" Saipt File (.bat)

Fig. 3 - The File New dialog box



Click on the Text Library File (.LIB) item. Click on the OK button. MC11 will create a file called LI-
BRARY1.LIB and place it on the screen. Go to the circuit or other place where you have your model
statement. Select the model statement and copy it. Paste the model statement text into the library

file. The screen should now look something like this:

Eile Edit Component Windows Options Analysis Design Model Help |T||?”?|
DEHIRG |2 s aBXE| v+ riEro+r¢ ¢ (ROEE0DEB| DB
R O@|= %@ @ Q|d|=-A
.MCDEL 2NEK1730 NPN (BF=107 BR=1M CJC=160P CJE=113P IRKF=407.674M B
+ IER=10M IS=10.2451F ISC=100P ISE=825F ITF=10M MJC=558M MJIE=642M
+ NE=2.03 NF=1.27 RC=2.2 RE=1.9% TF=2N TR=11N VAF=120 VvJC=700M VJE=T700M VTF=10
+ XTF=500M)

=
M4l v [l Text {info 7 M1/ |
library1 Jib I
Select Mode |Text area |Ln 2 Col 1 4

Fig. 4 - The text library file

Here the .model statement has been pasted into the library file.
Now we're ready for the next step.

3) Save the file in the LIBRARY folder. Call it MYLIB.LIB.
Use the File menu / Save As command and enter

Windows XP: MYLIB.LIB

Windows 7 or later: ~ MYLIB with the File Type selected as SPICE library (*.LIB)



@ = P v ThisPC » OS(C) » MCITW » LIBRARY v ¢ Search LIBRARY 0
Organize = MNew folder i -

Y Faverites MName Date modified Type Size 2
B Desktop @ Smeg_gdr 3/29/2014 9:41 AM  LIB File 173 Kl
& Downloads @ Tdhv 3/5/2003 10:43 AM  LIB File 59Kl
“Z Recent places @ ad 4/9/2001 11:21 AM  LIE File 9Kl
@ ADD 3/20/2013 10:30 AM  LIB File 9Kl
I% Homegroup @ adv_lin 10/25/1994 10:31...  LIB File 15Kl
@ amp 10/25/1994 10:35 ... LIBFile 106 KI
18 This PC @ analog f24/2015 1201 PM LIB File 1,964 KI
m Desktop @ Andre 1/21/2015 8:29 AM  LIB File 719Kl
| Documents @ andy 12/23/2013 %:44 AM  LIB File 1Kl
& Downloads @ apex 2/23/201011:44 AM  LIB File 162 Kl
LD' Music @ apexpwim 11/6/2008 2:23 PM LIB File 207 Kl
= Pictures @ application 11/10/201411:29...  LIB File 15Kl
| Videos @ avx_nichiumoxide 10/21/2008 2230 PM  LIB File 228 Kl
a 05 (C) @ avx_tantalum 2/23/201011:43 AM  LIE File 1,734 Kl
o DATA (D) @ Ba247x 9/27/2011 3:14PM  LIB File 18Kl
¥ backup (\WSPECTRU @ BE2TZX 3/5/2014 2:49 PM LIE File 39Kl
5 data (WSPECTRUM- @ B82430 3/5/2014 2:43 PM LIE File 6Kl
@ Ba2462 3/5/2014 2:49 PM LIB File 19K
G“! Metwork @] BB2464 3/5/2014 2:49 PM LIE File 21Kl
@ B22470 3/5/2014 2:49 PM LIE File TEl

N R T o .
>

File name: ‘ MYLIB v|

Save as type: ‘ SPICE library (*.LIE} v |
Save | ‘ Cancel ‘

{~ Hide Folders

Fig. 5 - Saving the file as MY1.IB

Here we are saving the file as MYLIB and type SPICE library and we are saving it in the LIBRARY
folder as that is where it must be.

Now we're ready for step 4.

4) Open the NOM.LIB file from your LIBRARY folder and add this line anywhere in that file.

.LIB "MYLIB.LIB"
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Use the File menu / Open command to open the NOM.LIB file located in the LIBRARY folder.
Pick any line location in the file and add this line
.LIB "MYLIB.LIB"

Your screen should now look like the following.

@@ || 4@ @R |[@EyA

CAMCTTWALIBRARY\NOM.Iib == =5

.1lib "B82450.1lib"

-lib "NXP EmiFilter.lib"

.1lib "diodesinc.lib"

.lib "DiodesInc_BJT.lib"

-lib "DiodesInc FET.lib"

-1lib "DiocdesInc_IC.lib"

.1lib "wvishayopto.lib"™

.1lib "tdk_common mode_chokes.lib"

"TLD1125EL.LIB"
"BA DIEP.LIB"
=T

e=PSPICE

"big_part.lib"

iceType=PSPICE

"add.lib"

"pin.lib"
"BIG_PFARTZ.LIB"
"bigl50.1ib"
"infineon dieode.lib"
"nvmfs5c410nl .LIB"
"andre.lib"

"rl78 f12 r5f108a 30ssop.lib"
"ltc3.1lib"
"MPBJT . LER"|
"JAPAN.LBR"

"BRD.LIB"
"THS4531.LIB"

i $SpiceType=AMBIGUCUS
.

'CRP_Z.LIB"
.lib "Ferrite_Bead.LIB"

.LIE "MY¥LIB.LIB"

Fig. 6 - Adding the .1LIB "MYIIB.IIB" line to the NOM.LIB file

After adding the .LIB "MYLIB.LIB" line, use the File menu Save command to save the modified
NOM.LIB file.

Now the MYLIB.LIB contents, including the 2NK1730 NPN, will be added to the library and thus
available for placement and use in a schematic.

HIAT [ Text {Tnfo M+ [
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Plotting Ferrite Core Impedance and S Parameter Curves

An earlier newsletter showed how to model ferrite beads using a double parallel RLC plus series
resistor model. The model parameters for the seven passive components were easily found by
Micro-Cap's Model program optimizer.

So the question is do the S parameter curves match as well? The short answer is yes. This article
will show you how to plot those S parameter curves and how to compare them with those pro-

vided by the manufacturer.

To start with let's consider the BLM21AG102SHI1D part from Murata. Here is its Z vs. F plot.

1200

K
e
-

Impedance (£2)
[=2)
8
D | _.-
] ‘/

300 !
< _f’ \ ‘\ N
T l\ x \\‘ h\
// N r 1 3 " -4 - h\
0 SR E_Se \ i bl
1 10 100 1000 3000
Frequency (MHz)

Fig. 7 - The Murata Z vs. Frequency Curve

To model this device we load the C:\MC11W\LIBRARY \FerriteBead Murata.mdl file from the
Model program. We then enter the Z and F values from the above curve.

The more data points you enter the more closely the curve matches the plot above. One thing to
remember is that to get a good fit you need a balance of data points over the plot. The optimizer
treats each data point with equal weight so it will fit more closely where there are more data

points.

After entering a suitable number of points and optimizing, the plot looks like the following.
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[ File Edit Component Windows Options Analysis Design Model Help [-]&]x]
DEHRBLS|( 9 & ¥ @ X5
A Al SHER-XT 2> ZH@ KNI HICBE

Part1ofl User b Zb
Name  [Ferite_Bead_ [1e+6 |60 B
Source |hti:/search murata.co.jp/Ceramy/CatalogshowpageAction.do?sParam-BLM21AG1025H1D&sKno-GO05&s T blid-A0328sDim |26+ |0
Memo  [\urata BLM21AG1025H1D [3e+6 [120

| [4e+6 [170
Imy vs_Fn Powell=4 2% Hooke=4 3% LM=99 6% [5e+s [210
1.20K [1e+7 [330
[2e+7 [4s0
[3e+7 600 =
[4e+7 [700
[e+7 [770
960.00 [pe+7 [e40
[7e+7 [oo0 |
Analysis Type
“AC Analysis -
Circuit
TEROY ’ernihebead.cil _I ‘
¥ Use Local Settings [~ Use Log Eror
P
X1R1 [ooer | |~
480.00 et 124p =l
X1.L1 [f7o80 _|
X1R2 34792 =
X1.c2 1024p =]
X112 50190 =
240 00 e [X1.RDC] [ J
L=
= [od diti
b0 [-]
1M 10M 100M 1G _|
_S_Plot_Murata CIR | F: _Mursta LIE e | Mursta MDL |

| | \ 4

Fig. 8 - Modeling the BLM21AG102SHI1D Z vs. Frequency Curve

The optimizer has fitted the seven RLC values to the Z vs. F curve.

The next step is to produce the model. Select Model menu / Create Model for This Part. When
the dialog box comes up specify a file name for where to place the model. In this example we'll
use the default C:\MC11W\LIBRARY \FerriteBead Murata.LIB.

When you click on the OK button, the program will create a .SUBCKT model using the circuity
name like this:

*Murata BLM21AG102SH1D
.SUBCKT Ferrite Bead 12
L1131.798u

R1 13 800.67

Cl131.24p

R2 34 347.92

L2345.019u

C2344.024p

RDC421

.ENDS Ferrite Bead *
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Copy the BLM21AG102SHI1D text. Change the subcircuit name by selecting the Ferrite Bead
text and then pasting in the BLM21AG102SH1D text. This identifies the subcircuit by the
Murata part name. Do the same to the .ENDS text name. The circuit we'll use to show the Z

vs. F curve is this one, FerriteBead Z Plot Murata.cir, where we've pasted the entire BL-
M21AG102SHI1D.subckt statement into the model page.

Circuit to Plot Impedance vs. Frequency for a Ferrite Bead
Run AC Analysis

ut

I1 X1
DCOAC10 BLM21AG102SH1D

.define Z V(Qut)

Fig. 9 - The ciruit for plotting the BLM21AG102SHID Z vs. Frequency Curve

Here is its Z vs. F curve:

_Z_Plot_Mursts.CIR

1.20K

0.20K

0.60K

0.20K

Fig. 10 - The BLM21AG102SHID Z vs. Frequency Curve
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The curve shows a plot of the magnitude of Z, the real part, and the imaginary part. All match
well to the original data.

How well will the generated model match the S parameter curves? We'll use this circuit to an-
swer that question.

Murata model based on

Circuit to Plot S Parameters vs. Frequency for a Ferrite Bead
Run AC Analysis

Murata S2P data for BLM21AG102SH1

BLM21AG102SH1D Impedance Curve

.define S11M 2*V(IN3)-1

1 _define S21M 2*V(QUT3)
R2 N4 OouTH R6 N3 ouT3
= - i + P 2P
50 BLM21AG102SH1D R1 e 50 Two R5
Port
@ 50 s i or K 50
= X4
- .define $11 2*V(IN1)-1 - -
define §21 2°V(QUT1) FILE=BLM21AG102SH1.s2p
_define S12M 2*V(IN2)
X2 RG .define $22M 2*V(OUT2)-1  R3
N ® ouT IN2 ouT2
RL . + - 13 P E
BLM21AG102SH1D 50 VG Two 50 V2
50 50 Port
e ™ 2M -
il R T

.define §12 2*V(IN)

X5
FILE=BLM21AG1028H1.s2p

.define 822 2*V(OUT)-1

Fig. 17 - Circuit to compare model and measured S parameters

This circuit measures the four S parameters S11, S121, S21, and S22 for both the .subckt model
on the left and the measured S parameters provided by Murata as read into the circuit on the
right. The .subckt model created earlier has been pasted into this circuit on the Model Page.

The circuit on the right is a collection of 2-ports that model the part by reading in the provided
Murata S parameters,

Since the circuit is a linear two port, the S12 and S21 parameters are identical as are the S11 and

S22 parameters,

so we plot only S11 and S12.
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1 FerriteBead_S_Plot_Murata. CIR Normal Plot
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Fig. 12 - Model and measured S parameters

In this plot the blue curves are from the subcircuit model and the red curves are from the Murata
S parameter data file.

The match is well within 5% and very similar to the Z vs. F curve match.
What this suggests is that you can match a Z vs. F curve and the resultant model reproduces the

S parameter plot as well. That is a direct result of the fact that the model is a linear collection of
passive devices, so nonlinearities play no role in the models.
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