LTSpice Elektroniksimulationen

Eine kleine Einfuhrung
und diverse Beispiele
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LTSpice Elektroniksimulationen

e LTSpice, was ist das ?

* Was kann man damit alles machen ?
* \Was kann es nicht !

* Wie fange ich damit an ?

* Fur fortgeschrittene...

* Welitere Belispiele

» Schlusswort
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LTSpice, was ist das ?

» LTSpice ist ein Elektroniksimulator, basierend
auf Berkeley-Spice

* Entwickelt von der Firma Linear Technologies.

* |n erster Linie gedacht um mit LT-Bausteine zu
entwickeln und deren verhalten zu simulieren.

* Aber so allgemein gestaltet dass es ohne
weiteres kompatibel ist mit dem Industrie-
Standard Pspice.

* Ein Kostenloses Programm fur jedermann.
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Was kann man damit alles machen ?

* Elektronische Schaltungen simulieren

* Im Frequenzberelch oder Zeitbereich

V(n001)

10Hz 100Hz 1KHz 10KHz TMHz10MHz
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Was kann man damit alles machen ?

 FFT-Analysen der simulationsergebnisse
durchfuhren

c z _1.0KH
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Was kann man damit alles machen ?

e S-parameter plots im Frequenzbereich

S11(v1)

100MH
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Was kann es nicht !

 Feldsimulationen von EM-Felder
 Antennesimulationen
» Selbststandig Elektronik entwickeln.
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Wie fange ich damit an ?

 Programm herunterladen

- http://www.linear.com/designtools/software/#LTspice
 |nstallieren

- WIin98SE,2000,XP,Windows 7
- Linux / wine siehe LTSpice hilfe fur details

* | oslegen.....
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http://www.linear.com/designtools/software/#LTspice
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F&jLTspice IV - [Draft2] _[8]x

-L: File Edt Hierarchy Yiew Simulate Tool: Window  Help - | ﬂ

Bl = A QoK gl HeaR s H# o8 v s 3 xDOD

Nun konnen wir einen Schaltplan zeichnen

Ready



F&jLTspice IV - [Draft2] _[8]x

-L: File Edt Hierarchy Yiew Simulate Tool: Window  Help _|E‘|ﬂ

e |5 F oKl HaR s 22 f# os8|lv-B@ o 3 DO D

Drahte i‘%?@cf’#BiZj}

Erde/Bezugspotential v
Label/Netzname
Widerstand
Kondensator
Spule
Diode
Sonstige Bautelle

Ready



M= E3

FjLTspice IV - [Draft?]

-L: File Edt Hierarchy Yiew Simulate Tool: Window  Help

[ .S

|P=| 3%

AU|Qo R B BRE +R2EMHO8 LB +3 2D

v Select Component Symbol

Top Directony: I CAPROGRAMMENLTCALT SPICE N lib, sy

CAPROGRAMMERLTCALT SPICE IWibbzym',

[

Yoltage Source, either DC, AC, PULSE, SIME . PAWL, EXF, ar

SFFM

[ pem the masremnedel's test frtire

voltage

[Comparators] current [oad2
[Drigital] diode Iprp
[FilkerFroducts] & [tlire:
[Mizc) e mezfet
[Opamps] f hif
[Optoz] FermiteBead nimoE
[PoveerProducts] FernteBead? nmozd
[FReferences) q npt
[SpecialFunctions] fultd nph
bi h npn3
hiZ ifd nphid
b ind2 pif
cap LED Qs
lasA0] [ad priogd

Cancel |

pHp
prp2
phpd
polcap
res

resz
zchotthky
)

Hine
warachor

violtane
zener

Ready



v Select Component Symbaol x|

Top Directany: |E:hPHDGHﬁ«MMEHLT CALTSPICE W libhaym -

Yaltage Source, etther DC, AC, PULSE, SIME, Pwil, ExF, ar
SFFM

(e thE macramedelE test ke

voltage
o CAPROGRAMMENLTCALTSPICEMIE  20mm',
[Comparatorz] current load? php
[Drigital] dinde Iprp phpe
[FilterProductz] = Itlire pripd
[Mizc] =¥ mesfet polcap
[Opampsz] f il res
[Optoz] FermteBead FIroE =
[PowerProducts] FermiteBead? rirnosd schiottky
[References] q npHh SN
[5 pecialFunchions] g ApHE tire
bi ki Hiph3 warachor
bid ind npnd violtane
b Inde pif ZEHET
cap LED P
Dt load priozd

Cancel | Q. I




A1 =191

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ

=R~ R AR HEE 28 H8 LS80 ¢ 3 x0-3O0

L3 L2 L1

212 22 212
Cb C6 C7

e I i
c1 47p EE120pC3180p c4 o1

B 75
270p TSQOp .560p TZTOp

H
Rser{lﬁ
.net (R1) V1
.ac oct 101 10 100meg




1, File Edit Hierarc

f1 B3

h -\-’iewl Simulate  Tool: Window  Help - | & ﬂ
@E?tf‘ @ 0, Q R’ SRE LBEHN A8 LBl DD
L3 L2 L1

22 212
Cé6 C7
———
c 120p g3 180P ¢y =1
Bl 75
.270p 90p .560p TZTOp
Rser=75 Wenn die Schaltung fertig

.net I(R1) V1

gezeichnet ist, geht es an

.ac oct 101 10 100meg 9'€ Simulation !



' =121X
-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ
@E-“Elti:‘ RS A HRrE 2 OF LB+ 3 D80

L3 L2 L1

Edit Simulation Command

Transzient ].-'-‘-.E .-’-'-.nal_l,lsis] oC sweep] Moise ] oC Transfer] DC op pnt]

Perfarm a nor-linear, time-domain simulation,

Stop Tirme:
Time ta Start Saving D ata:
b axirurm Timestep: .

Start external DC supply voltages at O [

Stop simulating if steady state iz detected: [

: R1
Step the load curent source: [ 9&

Skip Initial operating point solution; [

Syntax: _tran < Tstops [<option: [<option:] ...] 7 5
| 270p
Cancel

Rser=io Wenn die Schaltung fertig
.net I(R1) V1 gezeichnet ist, geht es an

.ac oct 101 10 100meg 9'€ Simulation !




Edit Simulation Command

Transient ‘ AL Analysis ] DL sweep ] MNolse ] DC Transfer ] OC op prt ]

Ferfarm a non-linear, time-dormain zimnulation.

Stop Time:

Time bo Start S awing Data:

b airnumm Timestep:
Start external DC supply woltages at O [

Stop simulating if steady state iz detected: [
—

Step the load current source: [

Skip Initial operating point zolution: [

Syntad: tran < Tstops: [<ophion: [<option:] ...]

Cancel LIE.

-----------------------------------




TTELFETICEIIEYE Simulation in der Frequenzdoméne Xl

Tranzient AL Analyzis ‘ DL sweep ] M olge ] DC Transfer ] DC op prt ]

Compute the zmall zignal AC behawior of the circuit inearnzed about itz DC operating

poitk.
Tvpe of Sweep: |Octave | —
Mumber of pomnts per octawe; 107 r—
Start Frequency: |10 r—
Stop Freguency:  |100meq r——

Syntax: ac <oct, dec, n: <Mpomnts: <StartFreqr <EndFreqg:

Jac oct 107 10 100meg

Cancel LIE.

-----------------------------------




E LT zpice 1Y - [TP_filter_video_TYA_107]

-[; File  Edit Higrarchy “iew Simulate Tool: Window  Help _|E|£

e |5 F QR EilHEHa +B2EM 028 L@ 3 ¥xD080

A, TP_fiter_video_TVA_107 |37 TP_fiber_video_Tv4_107 |

L3 L2 L1

I ATEATR
242 242 242
C5 C6 C7

Vi —
c1 47p EJE12t'.)pE:E180pEE R1

B 75
270p T390p TSSOp TZTOp

L
Rser@

.net I(R1) V1
.ac oct 101 10 100meg

Click to plat W[NO04].

| 5tart| "] & 4?7 HBYF Vortag_.. ||L‘.F LTspice IV - __ *;“E:'xhilder_w:urtra...| 4] Explaring - Wec... | R L 1748




E LT spice I¥ - [TP_Ffilter_video_T¥A_107] - |3
h: File  “iew Plot Setting: Simulation Tool: Window  Help

PE T 40 QarR B ERE| L bEH o8
‘L TP filker_wideo T _107 i:"" TP _filter_wideo TWA_ 107 |
10dB ¥[n00D 4] 0°

0dB \ \— -h0°®

'1 I][IE_ E __-I ["]u

-20dB- —-150°
-30dB— B —-200°

~40dB- 2500

Das Simulationsergebnis !

-50dB- --300°
-60dB i _350°

70dB- j __400°

-80dB- -450°

-90dB - ’. L _R00°

_1I]I]dE I I ||||||| I I ||||||| I I ||||||| I I ||||||| I I ||||||| I I ||||||| I I rrrrt -55['“
10H=z 100H=z 1KHz 10KHz 100KHz TMHz 10MHz 100MHz
w=8111KHz y=-38.175dE, -240.87E"

| 5“‘“ _gj 7 E _-ﬂ'l #| 1 2 HBSF _Vartrag_... II LTzpice IV - #:;Elipl:n:narn:llilEi-Irf... _'.~J E=plaring - Wet...




Fur Fortgeschrittene

e« S-Parameter simulationen
* Ein (Bauteil)wert variieren

 Eine Wav-Datei als quelle oder ausgang
benutzen

« Simulieren mit ,Fremdmodelle®

e Selber Modelle in die Standard-Modellbibliothek
hinzufugen

 Selber Modelle erstellen
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S-Parameter Simulationen

Kein Smith-diagram zur darstellung S-
parameters

Betrag kann gewahlt werden zwischen Linear
und logaritmisch oder dB

Phase kann mit angezeigt werden.

Export in einen Textdatei ist moglich --> weitere
verarbeitung in andere Programme moglich.



A1 =191

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ

=R~ R AR HEE 28 H8 LS80 ¢ 3 x0-3O0

L3 L2 L1

212 22 212
Cb C6 C7
il

o1 47p c2 120p 4 180p o1

B T 75
.270p 390p |
Rser{lﬁ

i) V1|~ g

.ac oct 101 10 100meg




rey == x|

h: File  “iew Plot Setting: Simulation Tool: Window  Help ;@ﬂ
7] = T A E= =R gh | O =

A, TP_fiter_video_Tva_107 Yz TP_fiter_videa_Tvia_107 |

+ Add Traces to Plot

Ol it traces matching

v Azterizks match colons

Axailable data:

[mO071) [[L1] Z11[w1)
[nO0Z) I[LZ] 12041
[nO03) I[L3) Z21[v1)
[nO04) I[E 221

H11[+1) Zin(w1]

H12[+1) Sout[v1)

H&1 (1] frequency

HZ22[+1)

[[C1]

[[CZ]

[[C3] !

[[C4] Y11

[[CH] T2

[[CE] Tin[w1]

[[CY] Yout[v1]

Exprezsion(z] to add:

v AutoRange

100KHz 10MHz

Mstant| | (4 @ E 3 7| [ HeF vomag_ . |[£r LTspice v - .. M Clipboaddd - It | (3] Exploting -Wec...| BB Z 208




ELTspicE I¥ - [TP_filter_video_TYA_107]
t: File “iew Plot Setiing: Simulation Tools Window  Help

5E EF A0 QR R ERE ‘LA O
‘L TP _filker_swideo T 107 i:':, TP _filter_wideo_TWaA_107 |
511 (v1)

0dB-

-10dB

-20dB

-30dB

-40dB

-50dB- S11 (Anpassung)

-b0dB

-f0dB

-80dB

-90dB+

-1004dB L L LN L L L rorrrrrT
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz




Bauteilwerte variieren

* Toleranzanalyse
e Optimaler wert suchen
 Max. 3 werte konnen variiert werden.

* Achtung ! Rechenzeit verlangert sich
entsprechend, da jede wert (oder kombination
von werte) einzeln durchgerechnet wird.

DC2PCC



410 =18] x|

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help | |J

=R~ QoK gl Ha®R +sR2EH 08 LB F 3 DO D

A, TP_fiter_video_TVA_107 | 3 TP_fiter_video_Tva_107 |

L3 L2 L1

SR EETA
{ind} | {ind} | {ind}
P LR

i

1 ATp 120pC3180p =1

- 270p T390p .560p TZTOp

Rser-ﬂj‘: Jaram ind 2u2
net I(R1) V1 .step param ind 2uH 2.4uH .05uH
.ac oct 101 10 100meg

Right click ta edit "{indi", the Value of L3

IIO




E LT spice I¥ - [TP_Ffilter_video_T¥A_107] - |3
h: File  “iew Plot Setting: Simulation Tool: Window  Help

93 H|T A0 QQaR RGIERE 42EH O
‘L TP filker_wideo T _107 i:"" TP _filter_wideo TWA_ 107 |

. §11[v1)

-10dB-

DETS
simulationsergebnis
bei 10% Toleranz auf
die Spulen.

-20dB -

-30dB-

-40dB -

-hidB-

-b0dB -

-f0dB -

-B0dB -

-90dB -

-100dB-

-110dB-

-120dB oo R L L | oon b R L b e
10H=z 100H=z 1KHz 10KHz 100KH=z 1MHz 10MHz 100MHz
¥ =29830KHz  yw=-73124dB

i 5“‘“ _gj = .E:' _JJ ;- HBSF Martr... I}" LTzpice ... “Clipboardd... _'_,J Explorifig - ...




ELTspine IV - [AF2104_match_f0cm] mEES
-Li File  Edit Hierarchy “iew  Simulate Tools Window  Help -|E|£

ER-20 = R QO gl HEam s B2REHN 08 LR3I XD

4, RF2104_match_70cm lh: RF D4_matn:h_?[ln:m]

.net l{R1) V1 ; S-parameters, source V1, load R1

.step param Lser 5n6n .1n
.S5tep param Cin17p 21p 1p
.step param Cout 20p 22p 5p

.param Cin=18p
.param Cout=22p

LEDE: 5.6nH

10

R2 DS:6.8nH 1
exc L1 56p

V1

1m : {Lser}

Cc3
{Cin} C2 ——{Cout} g4

AC 2 V=¥{exc)/1.58T1
Rser=50 .ac lin 101 420meg 450meg

DS: datenblattwerte fur anpassung bei 420 MHz.

Fein-optimum: Lser=5.5n;Cin=23.6p;Cout=21p;Lsupply=5.6nH
Grob-optimum: Lser=5.3n;Cin=22p;Cout=22p:Lsupply=5.6nH

Grob-optimum: Lser=5.7n;Cin=18p;Cout=22p:Lsupply=10uH

v e all | mA = 2m R = e e | '’ rreeecan es e | LEmgdlil. e Aq.Aan



ELTspicE I¥ - [RF2104_match_70cm]
t: File “iew Plot Setiing: Simulation Tools Window  Help

e T AR ERR & i DS

‘L RF2104 _match_70cm ﬁ RF2104_match_70cm |

0dB

Finde die beste Anpassung bei 435 MHz

| | | | | | | | |
120MHz  423MHz  426MHz  429MHz  432WMHz  435MHz  438MHz  441MHz  444WMHz  447MHz  450MHz
w =431 BeOMHz v =-h.839dE

-80dB




Ein WAV-Datel als quelle oder
Ausgabe benutzen

» Effekte auf selbst aufgenommene Signale
untersuchen

» Willkurliche Signalformen erzeugen und uber
die Soundkarte abspielen

DC2PCC



ice IV - wave =191

File Edt Hierarchy “iew Simulate Tool: Window Help

F | H| T F QOAQQEEH Ha®R +s+R2EH 038 LB F 3 DO D

'L: WavEIR lh wavein]

= B[ wovom e

g00mY
600mY
400mY
200mY

This demonstrates using a .wav file

wavefile=ring.wav chan=0
fran 5
This example schematic is supplied for informati

Oms 100ms 200ms 300ms A400ms S500msiiE ﬂ




File Edt Hierarchy “iew Simulate Tool: Window Help

=R~ QoK gl Ha®R +sR2EH 08 LB F 3 DO D

A, il |0 |32 w0 |

i M=l EE|| waAv-file_I_D B [w]

seave Dltspice wawhoutput veaee B dd 1K Wleft ] Wright )

right

E1 EX

=l r@ =wi[w P[5
wh
@W Rl
FULSED 10 .5 2

SINE[D 1 1k0000) F'ElLSE['I'*I 15.502)

tram 4 @ @
veawefile=cwindoveshmedia'ding o wav chan=2

wean efil e=c lwsindoeesimediziding e chan=1




Simulieren mit ,Fremdmodelle®

Linear Technologies fugt nur die ,eigene”
Bauteile in ihren Standardbibliotheken.

Es steht jeder Benutzer frei selber Modelle von
Fremdherstellern hinzuzufugen.

Entweder man nimmt sie einfach mal schnell in
eine Schaltung mit auf.

Oder man fugt sie die Standardbibliotheken
hinzu.

DC2PCC



Fremdmodelle in die Schaltung
aufnehmen.

* Viele Bauteilhersteller bieten auf ihre Webseiten
Spice-modelle ihre Bauteile an.

* Gunthard Kraus hat eine grosse Sammlung von
Spice-Modelle zusammengetragen und auf
seine Webseiten veroffentlicht.

DC2PCC



=18] x|

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ

R = R QO R tBREM S8 LB+ 3 DD
V1 ac oct 50 1 10meg

Diese Datel muss am selben ort
2 zu finden sein als das Schema,

2 oder man stellt sie in das
(7)  \lib verzeichnis von LTSPice

12
L»
s
o
4]
4]
e
U1
e
in . >—I—uut
1T LF156INS
‘1."3 L
T o
0
AC 1




ice - =121

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ

=R~ AR HEE 28 H8 LS80 ¢ 3 x0-3O0

L ]
[ ] .
~ .inc If156.mod
Top Directary: |E:HPHDGH.&MME"»LTE'\LTSF‘IEEI"»-"HIiI:'\S_I,Im j .ac ﬂl:t ﬁn -1 1Dmeg

B aszic Operational Amplifier zpmbol for uze
with subcircuitz in the file . Adib/sub/LTC.lib.
Yol muzt give the walue a name and
inziude this file.

opanps
CAPROGRAMMENLT CALT SPICE MRS syumt 0 parnpsh,
LTCROS7 LTCR400-25 LTCEI10-2
LTCRO3E LTCE401-20 LTCEI10-3
LTCE101 LTCE401-26 LTCEA11-1
LTCE102 LTCR401-3 LTCEI11-2
LTCET03 LTCE403-1 LTCFER2
LTCE241 LTCE404-1 apar
LTCE244 LTCR404-2 ] T
LTCE246 LTCR404-4 niversaldpamps 0
LTCE247 LTCR405 :}
LTCE248 LTCE406
LT CE400-20 LTCEA1041
Kl
U1
Cancel "
LF156/NS
V3 L
T L
e
0
AC1




-l; File Edt Hierarchy “iew  Simulate Tools Window  Help

ER= = R

@ 0, Q ®

=18] x|
_18| x|

HEREE tBEEHR HE LB s £ 3 DM

» Component Attribute Editor

Open Symbal | C:A\Programme LT CALT spicelSibsawmhOpampshopamps. asy

—Vee

.inc If156.mod

ac oct 50 1 10meg

Cancel

Attribute | alue | Wiz, |
Prefix =

Izt arne 111

Spiceb odel

Walue =
Walue?

Spiceline

Spiceling?

*




F&jLTspice IV - [LF156.MOD] ==

@Eile Edit Wiew Simulate Tool: Window Help _|E|£|
[ El o eee k[ HEReE tERi a8l dE s = 3D D
®fFFFFFTITFITFIF T IR I I FI IR A Fiiiiiriiriiiidfiiriiiiiis :J

#*LF156 HMonolithic JFET-Input OP-AMP MACRO-HODEL
®¥fFFEFF ST T TR PP TP i T i diiidiiiiriiiddiiiiriiriy

connections: non-inverting input

inverting input

| positive power supply

| | negative power supply
| | | output

I 1

ok K K Ok % %

-SUBCKT LF156/HS

*Features:

*Low input bias current = 38pnA

#*Low input offset current = 3pA

#*High input impedance = 1Tohm —
*Low input offset voltage = Tml

3*
#¥®EXXXXXXXEXXNXEE]HPUT 5 THAGE 33636363 3 36 3636 3 36 3 3% 3%
3*

Ios 2 1 3P

*"Input offset current
R1 1 2 1E12

R2 3 2 1E12

I1 99 4 108060

J1 5 2 4 JX

J2 6 7 4 JX

R3 - 58 28K

R4 6 58 28K

*Fp2=28 HHz

Ch 5 6 1.9894E-13

Ready

Mstan| | (A @B E H »

J e HEEIF_"-.-“:::rtr...l 3] Explaring - .. | 4] Exploring - ... | £F LTspice IV | I[I LTspice ..




FéjLTspice IV - [LF156]
t: Fil= Wiew Plot Settings Simulation Tool: Window  Help

SR~ N QA E EdHE2®R & ¢ DS

1, Lr1se ¥ LF156 |

0.3dB

0.0dB—

-0.3dB -

-0.6dB

-0.9dB

-1.2dB-

-1.5dB+

-1.8dB-

-2.1dB+

-2.4dB

-2.7dB

-3.0dB L L L L L L ' """'I
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz

w=1728KHz y=-454 YdbmdB



Selber Modelle in die Standard-
Modellbibliothek hinzufugen

 Selber Modelle in die Standard-Modellbibliothek
hinzufugen

 Nach vorhergehenden Vorgang jeden
Transistor- und Diodetyp einbauen ist etwas
umstandlich

 Man hat die Bauteile viel schneller im Schema

DC2PCC



& standard_rectifiers - Editor == E

Dater  Bearbeten  Suchen 7

kSRC=51A;DI_S1A:Diodes;Si; 56.8U 1.88A 3.@0us Diodes Inc. Rectifier -
HODEL DI _S1A D ( IS=7.31e-818 R5=42.8m BU=58.8 IBU=5.808u
+ CJO=42_4p H=8.333 H=8.775 TT=4.32u )}

*#*3RC=31AB ;DI _S1AB;Diodes;3i; 560.60 1.86A 3.08us Diodes Inc. Rectifier
-HODEL DI S1AB D { IS5=7.31e-818 R5=42_0m BU=508.0 IBU=5_00u
+ CJO=42_ 4p H=8.333 H=8.775 TT=4.32u )

*#*SRC=51B;DI_S51B;Diodes;5i; 186U 1.88A 3.00us Diodes Inc. Rectifier
MODEL DI _S1B D ( IS=7.31e-818 R3=42.8m BU=188 IBU=5.88u
+ CJO=42_ 4p H=08.333 H=0.775 TT=4_32u )

*#*SRC=S1BB ;D1 S1BB;Diodes;Si; 188U 1.88a 3.088us Diodes Inc. Rectifier
-MODEL DI S4BB D  IS=7.31e-818 R5=42.08m BU=188 IBU=5.808u
+ CJO=42_4p H=8.333 H=8.775 TT=4.32u )}

*#*3RC=51D;DI_S51D;Diodes;S5i; 286U 1.88a 3.080us Diodes Inc. Rectifier
-MODEL DI 31D D ( IS=7.31e-818 R5=42_8m BU=288 IBU=5_.88u
+ CJO=42 . 4p H=8.333 H=8.775 TT=4.32u )

*SRC=51DB ;DI S1DB;Diodes;Si; 288U 1.88a 3.08us Diodes Inc. Rectifier
-MODEL DI _S1DB D  IS=7/.31e-818 R5=42.8m BU=288 IBU=5.88u
+ CJO=42_4p H=8.333 H=8.775 TT=4.32u )

*#*SRC=81G;DI_ S1G;Diodes;Si; 486U 1.88A 3.080us Diodes Inc. Rectifier
MODEL DI 846G D ( IS=7.31e-818 R3=42.8m BU=480 IBU=5.0808u
+ CJO=42_ 4p H=8.333 H=8.775 TT=4.32u )

36 3636 € 36 I I 6 3636 I 363 I IE I3 IE 36 33 IE I I IEIE I I IE I3 IE I I I 66 IEIE -6 I IE I IE 6 NI IE-IE I I IE I I I IE 6 I I I I IE 63 I -IE - I IEIE I I IE I I -IE I IE I I I IE I I I I I I

*SRC=10A81;DI 10A01;Diodes;Si; 56.8U0 18.8a 3._.0808us Diodes Inc. 18A Rectifier
-HODEL DI 18A81 D ( IS=8B4in R3=2.86m BU=58.8 IBU=18.8u
+ CJO=277p HM=8.333 H=2.86 TT=4.32u )
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E LT zpice IV - [standard] M= E

T) File Edt Yiew Toolz “Window Help -|E|£|

RER-A =R AR S e R oA et R =L WL e Y aaE BEAS e a2
¢ Infineon diodes added N
.model DIE-BARG63 D{Is=6BE-18 N=1.82 Rs=.45 Xti=3 Eg=1.11 Cjo=.19p HM=.15 Uj=.25 Fc=.5 Bu=58 Ibuv=5
-MODEL DIE-BATG62 D{I5S=258.8n H=1.84 R5=198.8 sTI=1.5 EG=0.53 CJO=284.2Ff H=0.17 UJ=0.224 FC=8.5 T
-HODEL DIE-BAT18 D{IS=185F R5=.38 H=1.385 BU=78 IBU=_.1H CJO=1.17/P UJ=.12 WM=.896 TT=125H Iave=188
-HODEL DIE-BATAH4 D{IS=4.7/n H=1.822 Ri=1.6 KTI=2 EG=8.69 CJO=5.7p M=0.445 UJ=8_436 FC=0.5 TT=18.8}—
-HODEL DIE-BATA7 D{I5=3.33n H=1.889 R5=2.65 XTI=2.8 EG=0.69 CJO=398f H=0.21 UJ=0.224 FC=08.5 TT=3
-HODEL DIE-BATAS D{IS=7/4.8n H=1.87 R3=5.8 XTI=1.5 EG=8.59 CJO=138.5Ff H=8.138 UJ=0.224 FC=8.5 TT=

#Diodes inc models added DC2PCC 2@8.82.2811

MODEL HMUR128 D {IS=7.86e-817 R5=73.4m BU=280 IBU=2_88u CJO=49.9p H=08.333 H=0.788 TT=36.8n Iave
-MODEL PDU348 D { IS=3.74u RS5=25_.9m BU=408 IBU=10.8u CJD=8B6.2p H=8.333 H=2_.58 TT=72.0n Iave=3 U
MODEL PDU428 D { IS=189n R5=18.5m BU=488 IBU=5.808u CJO=276p H=8.333 H=1.73 TT=36.08n Iave=4 Upk
-HODEL PDUS4B D { IS=2_68u RS5=8.33m BU=408 IBU=10.8u CJO=196p H=08.333 HN=2.27 TT=50.4n Tave=5 Up
-MODEL PDUG28 D { IS=198n R3=2.91m BU=288 IBU=5.806u CJO=482p H=8.333 H=1.69 TT=36.08n Iave=6 Upk
-HODEL PDUG2BCT D ( IS=7.48n R5=19.5m BU=280 IBU=5.88u CJO=223p H=0.333 H=1.42 TT=36.8n lave=3
-MODEL PR1881G D { IS=5.80n RS5=29_8m BU=58.0 IBU=5.0808u CJO=27_8p HM=08.333 N=1.72 TT=216n Iave=1
.MODEL PR1882G D { I5=5.88n R5=29.8m BU=188 IBU=5.80u CJ0=27.8p H=8.333 H=1.72 TT=216n Iave=1 |
-HODEL PR1883G D { IS=5.80n RS=29_.8m BU=2008 IBU=5.080u CJ0=27_.8p H=8.333 H=1.72 TT=216n Iave=1 |
.MODEL PR1884G D { I5=5.88n R5=29.8m BU=488 IBU=5.080u CJD=27.8p H=8.333 H=1.72 TT=216n Iave=1 |
.MODEL PR1885G D { IS=5.88n R5=29_.8m BU=688 IBU=5_80u CJO0=19.9p H=8.333 H=1.72 TT=368n Iave=1 |
-MODEL PR1886G D { IS=5.80n RS5=29_8m BU=808 IBU=5_080u CJO=19.9p H=8.333 H=1.72 TT=720n Iave=1 |
.MODEL PR1887G D { IS=5.88n R5=29_.8m BU=1.80k IBU=5_.88u CJO=19.9p H=8.3323 H=1.72 TT=728n Iave=
-HODEL PRG6BB1 D ( IS=863n RS=12_.6m BU=58.08 IBU=1@8.8u CJO=663p H=0.333 H=1.70 TT=216n Iave=6 Up
MODEL SF18AG D ( IS=1.42n R3=42.8m BU=58.8 IBU=18.6u CJ0=13%p HM=0.333 HN=1.78 TT=58.4n TIave=1 |
HODEL SF18BG D ( IS=1.42n R5=42.8m BU=1808 IBU=18.8u CJO=13%9p H=0.333 H=1.780 TT=50.4n Iave=1 U
-MODEL SFABCG D ( IS=1.42n R5=42_.8m BU=158 IBU=1@.8u CJO=132p H=0.333 H=1.70 TT=50.4n Iave=1 U
MODEL SF18DG D  IS=1.42n R5=42.8m BU=280 IBU=18.8u CJO=13%p H=0.333 H=1.708 TT=58.4n Iave=1 U
-HODEL SFA8FG D { IS=58.9p RS=7¥5.5m BU=3088 IBU=10.8u CJO=13%9p H=8.333 H=1.70 TT=57.6n Iave=1 Upk
MODEL SF18GG D { IS=58.9p R5=75.5m BU=488 IBU=18.8u CJO=13%p M=8.333 H=1.78 TT=57.6n Iave=1 Upk: =
R | ..
Ready |
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RER-A =R AR S e R oA et R =L WL e Y aaE BEAS e a2

1, BARBI0IW | 1 limiter_srsatz HPBSEIB_tei2 | 4 limiter_ersatz_HPO5EIE_teiz G standard |
#Added by DC2PCC 20.62.2611 N

145 568899 HF = 1.867933 UAF = 64.3838691 IKF = 8.36612. -
-HODEL BFR946 HPH({IS 2. .44063E-815 BF 0.808008E+801 HF 0.87224E-881 UAF = 2.66948E+881 IKF
-HODEL BFR134 HPH{IS = 6.26489E-815 BF 1.42485E+882 HF 1.885616E+08808 UAF L. 485080E+881 IKF =
-HODEL BFW92A HPH({IS 2.429E-16 BF = 93.26 HF = 8.9912 UAF = 39.71 IKF = B8.2681 1ISE = 2.48

.model 2n3866 HPH{IS = 9.798685E-15 BF

#Some Philips transistors
*fAdded by DCZ2PCC 13.83.2811

*

-HODEL QBC368 HPH{IS=2.474E-13 HF=0.9998 ISE=4_483E-14 HE=1.488 BF=196.2 IKF=4.B368 UAF=127.5 HR

-HODEL QBCS546A HPH{IS=1.533E-14 HF=1.882 ISE=7.932E-16 HE=1.436 BF=178.7 IKF=8.1.
-HODEL QBCSS5YC PHP{IS=5.826E-14 HF=1.8089 ISE=3.BBL4E-15 HE=1.488 BF=516.7 IKF=8.8a
-HODEL QBCS546B HPH{IS=2.39E-14 HF=1.088 I3E=3.545E-15 HE=1.541 BF=294.3 IKF=8.13

-MODEL BC327-48 PHP{IS = 2_877E-13 HF = 1.885 ISE = 1.411E-14 HNE = 1.3 BF = 449 8 IKF = B8.36 UAF
3E 3

-MODEL QBCS47B HPH{
I5=2_.39E-14
HF=1.888
ISE=3.545E-15
HE=1.541
BF=294_3
IKF=8.1357
UAF=63.2
HR=1.8084
ISC=6.272E-14
HC=1.243
BR=7.946

I T T T R R S

_

e,

Ready
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Datei  Bearbeiten Suchen 7

rh-******************************************************************** e I

= Infineon Technologies Discrete & RF Semiconductors *
= SPICE2G6 HModel: Schottky Diode BAT62 series (Chip model) *
#* Filename: D168 w7.tx=t *
#® ersion: 7A *
* Date: Feb 20883 *
* Author: A. Boehme *

6 3E 3 3 3 36 3 36 3 36 3 3 36 3 36 36 36 33 36 3 36 36 3 33 36 33 36 36 I I 36 33 36 3 I I3 I 33 36 3 I I 363 363 I I3 I3 363NN
# -Parallel-resistor R1 for a better reverse behaviour.

* —The temperature-dependence of the reverse breakdown voltage and
the ohmic series resistance {parameter RS) are in SPICE2G6 not

*

LI I I B ]

= adaptable.
#* -Hodel needs a very low parameter Uj. The value is limited
* to B8.224 for model-use at 8% degC. This value can produce
#*# simulator-warnings at higher temperatures.
* —fAbove 2 GHz use for a better 511 approximation: -
x CJB=280f and RS=48 (Attention: worse DC behaviour *) ] - [Ffes = 101x]
69636 363696 96-36-96-96-36 96-3696.96.36 36-96.36 96-36.96.96.36 363696 966 06 9636 6 I 6 A e a6 e e waeana Uatel  Bearbeiten  Suchen 2
p1T 1 2 M * THFIMEOH TECHHOLOGIES AG
R1 1 2 A4Be6 * RF-PACKAGE EQUIVUALEHT CIRCUIT
-HODEL D1 D{IS=258_.8n H=1_84 R5=198.8 XTI=1.5 EG=8.53 # UALID UP TO & GHZ
+ CJO0=284_2f M=8.17 UJ=80.224 FC=0.5 TT=55_08p BU=42_8 IB|+ >»> SCDEA@ <<< (RF-DIDDE-PACKAGE)
-EHD3 D168 * FILEMAME : SCDB8A.TXT
#= (C)y 2801 INFINEOH TECHHOLOGIES AG
* Uersion 1.1 June 2@81 P. Moschovis
ll 36 SE 336 33 36 E 336 336 E 36 3336 636 3 36 633633 36 6336 33 36 36336 3 36 3E 336 336 3336
*
* CAC
* (18) 11 (28)
* F———————————— | | ———————————— +
* [ 11 [
* LaD | | LCOD
* A-——LLL-——+ +——LLL---C
*® {10a) | | {200)
* | LAI I
* +-—-LLL---A" CHIP C"-——————- +
*® (1) (2}
* S—
BLKE
IHD 1 18 L=8.4%5nH ; LAI
CAP 18 28 C=98fF ; CAC
IHD 18 148 L=8.1%nH s LAD
IHD 28 288 L=8.1nH ;s LCO
PACK: 4P0OR 1 2 1488 2848
* A" C° A G




Selber Modelle erstellen

* Im Standard-Bibliothek ist es nicht moglich
eventuelle parasitare Eigenschaften vom
Gehause zu berucksichtigen.

DC2PCC
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=R~ AR HEE 28 H8 LS80 ¢ 3 x0-3O0

'L: BARBZ-03W l ‘L: Iimiter_ersatz_HF'EEEElE!_tEiIE] L""" Iimiter_ersatz_HPEEEElEl_tEiIE]

BAR-63+50T323 package parasitics

OfF

ARB3




E LT zpice 1Y - limiter_ersatz_ HP8569B

File Edit Higrarchy View Simulate Tool: Window  Help

ER= =~ R QR EilHEHa +B2EM 028 L@ 3 ¥xD080

A, limiter_ersatz_HPBSEIB | 4 limiter_ersatz_HPASEIE |

Y =10 x|

limiter_erzatz_HP8569B

.net {Rout) v1
L3
i i
4.4n
C3 C1 c2 L}I
o 1 bp |.6p bp |.6p &0
L4 L1 L2 L5
ing |1ng ing Ing
AC 2
. Reer=50 v

4ac oct 101 10meqg 10gig

10MHz 100MHz 1GHz 10GHz

Mstan| | (A @B E 7 On|3e| GE o oL | Be.| @H.| Zp.| &5 W o102




Ein paar Beispiele

e S-parameter-simulation und nicht-lineare
simulation. --> Limiter ersatz

 Komplexe Signale zusammensetzen aus
einfache Signale

e Tiefpassfilter fur 70cm
(oberwellenunterdruckung)

 Boost-wandler 12V auf 85V mit NE555

DC2PCC
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ER= = R

ROAR Bl EHRR

»E2E M OS

-[: limiter_erzatz HPE5E9E_teil? tﬁ Iimiter_ersatz_HF'ElEEEIEl_teiIEl

288.6ns 289.2ns 289.8ns 290.4ns 291.0ns 291.6ns

Vin008)*I[Rout)

;IEIEI

.param Cdio 4p

=tep param Cdia Ap 1p g

net I[Rout1] vz L0

r""',ﬁ"‘g“‘m
TL=er]
1 ‘ C2

ICd{gEdin]

C3 ‘E-‘l

W2 rcdigkdiod; Routd
INE[D 20 W00 k=g ] a0
La== L5 Li=LE
nEl1ns TnEl1ns
AL Z
R=er=50 7
param Lser 2.4n
.=tep param Lser 2ndn In
tram 0 4u 3u
net I[Rout ] ™ L5
0—0 W 0—0
{L=er]
04 04 0z Oz
FAV 2% &7
EtE-BATIAT olE-eEHE-EATIT OIE- ut
il a0
— Ld=xL3 Li=L1
Tnsrns TnEl1ns
AL 2
R=er=50 v

SINE[D 20 1000meg)

w=28922Tne w=074"



=18] x|

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ

=R~ AR HEE 28 H8 LS80 ¢ 3 x0-3O0

ezl 2 S Ran=4 Roff=1meag ¥i=.5%h= ]

+ 5y
W
RE
1K
Gy
BG5S
523 ' i
K7 FAHC A5 oz R2
| whi B E H "I"-.U.-"I"-..r Widoa_outl
I = 1H4148 75
THE z = R7 R
§n9ﬂ z | o
B TG
ALl - B
1 14 R
* 75
i i 10 o
= L ca A
] _— 104
o Rd
o c2 SRS T | -~ w7
= R1 an c
=yn bild bild inhat 2  |ip 1k8 —
s Iip
_ R1S
AE i kil vewmyn ]+l bikd] ™ bikd in hat) 180 vl
IW O} 2325 25 Tmeg] b kg raw nd
PULEC 1 10u 100n 100n 52u &4u]

PULSCN Ad Ay Su Su 552 H%L PULSCH 1300 150 1800 140 Edu]
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File  “iew Plot Setting:  Simulation  Tools

ER= = R

Window  Help

RO BEd EHRR s 2R H O3

1, texteinblendung tEHtEi”HE”dUHQI

b0ps

V¥[video in]

120s

180ps  240ps

w=111.46pz  p=237714m



File  “iew ﬂ
[¢r] (= Cursord 1] = B B & ' =
1, 440t | Freq [430MHz Mag: |-21.75884E q
i Phase: |-172.023° c (o] x]
[ Group Delay: |4.2EI14Ein3 of |
Cursor 2
521[w4]
Freq: |360.5MHz i FTa |-F"E.??4dEI e
Phase: |-408.179° -
Group Delay: |'IEII:I.24E|:|3 -
Fatio [Curzors # Cursarl)
Freq: |430.5MHz i FTa |-51.EI1 RZdB
Phass: [124.844°
Group Delay: |-4.EIE|1 22h%

L21 L1 L2 L2

ILfilt1

Lfilt Lfilt Lfilt
ey e pp L (o, Al

et [Rout]'Yd ; Rin & Rout determined from W2 and Rout
ac lin 1201 400rmeg 1300Meg

0.40GHz

0.58GHz 0.76GHz

1.03GHz

#=413.050MHz v =-13.483dB
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B D& LB F 3 DD

1, boost_85_NESES l 1, te:-cteinl:ulenl:lung]

c1

M1 p—
gigoopmy; | N

100p

L2
- Ieg W\, vourt
|

MERS1100

C3

4fp

R1
280

Yout

D

—

BZ%84C15E |

—p—

BZXs4c1HP

—p—

BZxg4c18P |

—

BZx84C196 |
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== R S QAR Bl B 4 i W=
555 17 boost_85Y_NESSS |
Y¥[vout)

0¥

81V

72¥+

b3V

b4y

45Y

IbY

27V

18Y-

9V

oy

| | | | | | | | |
10ms Z0ms J0ms 40ms Lims 60ms f0ms 80ms 90ms 100ms
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=~ | K b L
ER= = R QoK gl Ha®R +sR2EH 08 LB F 3 DO D
1, Bandpass_kanaslomastter lh Eandpaa&_kanaalnmzetter]
;C5...C8 zijn in sommige filters wvoorhanden, £
Moor gebruik op T0cm rmost je ze er zelf
bijzetten, een waarde wan 4-6 pF is c5 o CcE | oo ' ce | cd
;brui kba=r woor frequernties tot o=, 500 kMHz. —
d=n moet je ze juist weghsalen als ze er zitten.
L1 Lz Lz L4 LS L& L7 L= L1 L1 L1z
W Rout
= ML} = Mbri= ML} = ML} = Mbrd LI « LYe MLr} MLT = JLI= ML iL} &l
ZINE[D 1 1=E]
REsE=510 Trimmer instellingan woor C1...C4

A lin 1000 420Megq 450meg
(Swweap parameters, via het menu instelbaar

0it cormmando is nodig o de
(S-parameters te genereren.
net [[Rout] %1 Rin=50 Rout=50

ikoppelfactoren woor de gekoppelde kringen [sfstand stasfjes)
K1 L1L2 L3 2
KZ L4 L5 LE 2
K2 L7 L2 L9 2
Kd L10 L11 L12 .2
ik heb deze factoren geschat adhw een afgeregeld filter.

inductiviteiten wan de stasfjes [geschat)
.param L=20nH
.param Lr=15nH

de kunt ze in de praktijk warieran door ze heen en weer te buigen.

;0it heeft inwloed op de bandbreedte wan het filter.

param C1=32.E5pF
param C2=32 E5pF
param C3=2.E5pF
param C4=32 E5pF



E LT zpice IY - [Bandpass_kanaalomzetter]
t: File “iew Plot Setiing: Simulation Tools Window  Help

e E T £ Qe REIERE M O

‘L Bandpazs kanaalomzetter ﬁ Bandpass_kanaalomzetter |

0dE S11[v1]

[428.973kHz Mag |-2.97312dB
Ph
Group Delay:
S52101]
T [441.171MHz b ag:
FPhaze: |-

1 2.1922MHz

-30dB-
-35dB+
-40dB
-45dB+
-h0dB—
-55dB | | | | | | r | |

420MHz 423MHz 426MHz  429MHz  432MHz  43bMHz 438MHz  441MHz  444MHz  447/MHz  4A50MHz

Left-Click to zet up magnitude plotting pararmeters




NICE Jiode temp sensd -ili

-l; File Edt Hierarchy “iew  Simulate Tools Window  Help - | ﬂ
A= & | 5| @ QR HERE B2 A& |+ & £ 3 20 M.
vidiode vidiode1
D5
5/ 1N4148
D4 D9
R1 5/ 1N4148 Rz ./ IN4148
skg D3 6kg DB
- o 1M4148 o 1N4148
5 D2 D7
Yl v N 1N148 v2 7 1N4148
D1 D6

1H4148 1N4148

step temp 0 150 50 1024 steps @ 4.096 V¥ means 4 myistep.
This setup does about 8 mYideq C.

1024 steps @ 5V means 4,88 myistep. Meaning each ADC step is 0,5°C

This setup does about 9,76 m\fideq C.

Meaning each ADC step is 0,5°C ADC1

temp1
ADC ¢
_— B1 B2

B3 B4

V=int(Wivdiode 1)/4m) V={598-WADC1))2
V={610-W{ADC))2

V=int(Wividiode) (Wi{wef)1024))



Schlusswort

e Selbst ist der Funkamateur !

* Mithilfe vom Tutorial von Gunthard Kraus kann
sich jeder gut einarbeiten.

DC2PCC



Links, referenzen, usw.

Das Programm zum Herunterladen:

http://www.linear.com/designtools/software/#LTspice

Einen Tutorial zum leichten Einstieg
http://www.elektronikschule.de/~krausg/LTSwitcherCAD/index_ LTSwitcherCAD.htm|

Eine grosse Sammlung Spice-Modelle
http://www.elektronikschule.de/~krausg/Spice _Model CD/

DC2PCC


http://www.linear.com/designtools/software/#LTspice
http://www.elektronikschule.de/~krausg/LTSwitcherCAD/index_LTSwitcherCAD.html

