LT SPICE
1.Kurulumu: Google’dan LTSpice aratip , Linear Technolog’nin anasayfasina gidiniz.

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

Yukarida verilen adresi agtiginizda sagida sayfa ile karsilasacaksiniz.
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Design Simulation and Device Models

Linear Technology provides a variety of custom design simulation tools and device models to allow even novice designers to quickly and easily evaluate circuits using high
performance switching regulators, amplifiers, data converters, filters and more.

« LTspice IV

« LTpowerCAD

« LTpowerPlay

« Amplifier Simulation & Design

« Filter Simulation & Design

« Timing Simulation & Design

« High Speed DAC Evaluation Systems

- PScope & QuikEval Evaluation Systems

- Dust Networks Starter Kits

- Dust Networks Programmer

LTspice IV

LTspice IV

- Download LTspice IV for Windows (Updated February 17,2015 )

LTspice IV is a high performance SPICE simulator, schematic capture and waveform
viewer with enhancements and models for easing the simulation of switching
regulators. Qur enhancements to SPICE have made simulating switching regulators
extremely fast compared to normal SPICE simulators, allowing the user to view
waveforms for most switching regulators in just a few minutes. Included in this
download are LTspice IV, Macro Madels for 80% of Linear Technology's switching
requlators, over 200 op amp models, as well as resistors, transistors and MOSFET
maodels.

= Download LTspice IV for Mac OS X 10.7+
= LTspice Information Flyer & Shortcuts:

= Mac OS X Shortcuts

= LTspice Getting Started Guide

- LTspice Blog

« LTspice Dema Circuit Collection

+ View Upcoming LTspice Seminars

Windows isletim sistemi kullananlar: Download L Tspice 1V for Windows (Updated February 17, 2015 )

Yazisinin iizerine tiklayiniz.

Software Download

A MyLinear account allows you to receive free samples,
literature, product updates, software updates and more!

= Register for a MyLinear account
- | Your downlead link will be available upon completicn
ure and waveform . of the registraticn.
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Follow LTspice on Twitter! &

View the LTspice Video Channel ‘&

* “No thanks, just download the software”, kismini tiklayarak 16 Mb’a yakin boyuttaki
programi indirip bilgisayariniza kurunuz.


http://www.linear.com/designtools/software/
http://ltspice.linear-tech.com/software/LTspiceIV.exe

LTspice IV Installatior -

Inztallz LT spice Y Yersion 4.22v

LTspice IV - License Agreement/Disclaimer -
Copyright © 2001-2014 Linear Technology Corporation E|
All rights reserved.

LTspice IV is Linear Technology Corporation's analog circuit
simulation software.

This software is copyrighted. “ou are granted a non-exclusive,
non-transferable, non-sublicenseable, royalty-free right to
evaluate LTC products and also to perform general circuit
simulation. Linear Technology Corporation owns the software. .

< |

[ Cancel [ Decline ]

Inztallation Directony:

C:%Program Files [«86\LTCALT spicel’y

Ingtall Mo

Kabul edip yiiklemeyi baglatin.

Installz LT zpice IV Wersion 4. 22v

LTspice IV — License Agreement/Disclaimer
Copyright © 2001-2014 Linear Technology Corporation E|
All rights reserved.

LTsr LTspicelV — —— u
S

ia LTspice IV has been successfully installed

Installation Directary:

C:4%Program Files [«BE]SLTCALT gpicel Browse
Install Mow

Artik programiniz kurulmus oldu. Programin ekran goriintiisii asagida verilmistir.Sekilde
kirmiz1 daire ile gosterilen kismi tiklayarak yeni sema(new schematic) olusturunuz.



Start drafting a new schematic

Asagidaki sekilde, programi kullanabilmeniz igin gerekli olan kisimlar agiklanmistir.




2.0Ornekler:
#Ornek 1:

Gerilim kaynagmi ekleyelim. Bir Onceki sekilde gerilim kaynaginin nereden eklenecegi
gosterilmisti. Simdi o kisma tikladiktan sonra neler yapilmasi gerekiyor bakalim.

Top Directany: C:\Program Files [x86]\LT ChLT spicel®/ \libhaym -

Woltage Source, either DC, AC, PULSE,
SINE. PwL, Ex<P. or SFFI

[ Opet thiz macramodel's test fisture ]

voltage

¢ C:hProgram Files [#BELTCALT spiceltibhaym'

nmog phpd zener
nmozd polcap

npn res

npn2 res

nph3 schottky

npnd S0atherm-MNMOS
pif B

prog tire

pmozd TWSdinde

PNp varachor

phpe volkage

4

“voltage” secilerek ekranda istenilen yere yapistirip, 5 adet direncli bir devre yapalim.

Eleman dizilimini yaptiktan sonra baglantilarin1 yapalim. Eleman degerlerini(gerilim,direnc)
girebilmek i¢in her bir eleman iizerine sag tiklamamiz gerekmektedir. Devrenin tamamlanmis
hali agagida verilmistir.



Simulasyon i¢in kosan adam tizerine tikladigimizda asagidaki sayfa gelecek ve onu sekilde
gosterildigi gibi doldurunuz.

Tranzient ﬁg ﬁﬂi ﬁlﬁ I QQ sweep | Hﬂ.ﬁﬁ I QQ Iiiﬂiiﬁi | QQ op pnt

Perform a non-linear, time-domain simulation,
1
Time ko Start Saving Data;
b aximum Timestep:

Start external DC supply woltages at OW:

Stop zimulating if steady state is detected:

Don't reset T=0 when steady state is detected: [
Step the load curent source:
Skip Initial operating point zolution;

Syntax: tran <Tstop: [<option: [<options:] ...]

tran 1




LT LTspice IV - Draftlasc — - C=mrE X

File Edit Hierarchy View Simulate Tools Window Help

P E AR Bl AR i@ aS L@ xDU0D Aa op
1, Draftlase |3 Droftlraw
¥ Draftl.raw o= =

¥, Draftl.asc =SSRl

Left-click to plot I(R2). Right click to edit. DC operating point: I{R2) = 2.4000001A Dissipation=11.520001W

Gl o (i A

01:45
18022015 | |

TR o« ) %

Istediginiz eleman iizerindeki akimi ve istediginiz noktadaki gerilimi goriintiileyebilirsiniz.
(istediginiz noktaya 1 kez tiklayarak). Sekilde R2 direnci {izerine tiklanmis ve {izerinden akan
akim grafikte gosterilmistir.

#Ornek 2: Bu 6rnekte basit bir RC devresi yapalim. Kare dalga iireten bir kaynak olusturup
kondansator tizerindeki gerilimi inceleyelim.

R1

VA 100 1

100pF

NS

Sekildeki devreyi kurduktan sonra gerilim kaynaginin iizerine tiklayalim.

1.Adim:



r—T

DC valuelv] |

(1]:8

Cancel

Series Resistance[0]:
G

2. Adim:

N
DC Value

Functions
DC walue: \:I

() [none)
T PULSE V1 /2 Tdelay Trise Tfall Ton Period Noyoles[ =

() SIMEMoffzet Vamp Freq Td Theta Phi Noycles)

I ake thiz information vizible on schematic:

Small signal AC analysis[ ALC)

() EXPM1 W2 Td1 Taul Td2 Tau2)
(71 SFFM[Woff Vamp Fear MDI Fsig) AL Amplitude:
©) PWLIN 1 1242.) AL B
) PwL EILE: | | Erome ke thiz information vizible on schematic:
Paraszitic Properties
Vinitialll 07 Senes Resiztance[(]:
2 Farallel Capacitance(F]:
Tdelagle] 0 take thiz information vizible on schematic:
EEWES
Trizels] O
Tfalls} 0

on[s] Blms

Tperiod[s]:  100ms

Additional FWL Points
[ Cancel ] I Ok ]

tdake thiz information visible an schematic:

3.Adim: OK’a basin ve simulasyonu baslatin. Simulasyon i¢in Stop Time kismini 0.5 s olarak
sec¢iniz.Kondansatoriin dolum ve bosalim egrisi ve devre asagidaki sekilde verilmistir.



File Edit Hierarcchy View Simulate Iools Window Help

R = N QOQRIEIERE P EAA8 Ly 3xHOY Aa op
1, RCasc [ RCram
¥ RC.raw

V[n002)

PULSE%D 5000 50ms 100ms)
.tran 0.

7 oA N

#0Ornek 3: Bu ornekte ise 50 Hz’lik siniisoidal sinyal kaynak ile yarim dalga dogrultucu
devre yapalim.

TR . oy 0 i
U= 1g020015 |

1.Adim:

R1

1k
Vv

2.Adim: Gerilim kaynaginin iizerini tiklayarak geligsmis ayarlar kismina giriyoruz. Oradan da
siniisoidal sinyal ayarlarini yapiyoruz.(Gerilim ve frekans).



S——————
AT Independent Voltage Source - V1

-

Functions DC Walue

S
© nane] DT walue: \:\

() PULSEY1 W2 Tdelay Trise Tfall Ton Period Neycles) Wake thiz information visible on schematic: [7]
QE‘I SINE[Vaffset Vamp Freq Td Theta Phi Meycles] o 1

(7 EXPIV1 w2 Td1 Taul Td2 Tauz2) Small signal AC analysis[.AC)
(7 SFFM[off Vamp Foar MO Fsig) AC Amplitude:
) P V1 242..) AL Phase:
) PwiL FILE: | | | Bromas | M ake thiz information wisible on schematic:
Parasitic: Properties
DC affsetlv]; 0 Seriez Resistance[02]:
el 12 Parallel CapacitancelF]:
take thiz infarmation visible on schematic:
Tdelay[z]:
Theta[1/s]:
Phi[deq]:
Meycles:

Additional Pwl Points |
take thiz information wisible on schematic: ’ Cancel ] [ kK I

3.Adim: Diyot lizerine sag tiklayarak diyot se¢cimi yapalim.

Diode Properties
Diode:
Manufacturer:
Type:
Avverage Fomrward Current[a):

Breakdown Yoltage[W]: 0O

e

Part Ma. Miq. type Whrkdn[V] lavefh] SPICE Madel it
OnSemi silicon R0 0.20 .model THE14 D[|s=D
OnSemni zilicon L 0.20 .model TH4148 Dl
Ornsemni giliccon .model MMSD4148
1MBE17 OnSemi Schotthky model THEET7 DOl
M58 OnSemi Schatthy miodel THEE18 Dl
THE319 OnSemi Schatthy miodel THEE13 D)
BATE4 Yizhay Schattky .model BATSS Dfls -
< 3




4.Adim: Simdi simulasyonu baslatip Stop Time’1 100 ms olarak girelim ve dire¢ lizerindeki
kirpilan sinyali goriintiileyelim.

File Edit Hierarchy View Simulate Tools Window Help
BEE e Fh QR B AR +tR2en A8 ls@e:3 vDdon Aa op

1, Drfi2ase |1 Droftzraw

V(n002)

+ Draft2.asc =SSR

1N4148

SINESO 12 50)
.tran 100m

w17 ||
18.02.2015 |y

TR .« F

F aONAEEAET. N\

#Ornek 4: Transformatdr olusturarak tam dalga dogrultucu devre yapalim. Transformator
icin 3 adet endiiktor kullanmamiz gerekiyor. Devre asagida verilmistir.

1.Adim: Devreyi olusturalim.

kKL1L2L231 D1 D3

R2 L2

1N4148 1N4148
o

ﬂ.ﬂﬂ"l L1 [

vi o Sm LE{? D2 D4
¥ R1
C_) THm  1N4148|1N4148 i«

S
SINE(0 12 50)
dran 100m

2.Adim: Transformatorii tamamlamak i¢in asagidaki islemleri sirasi ile yapalim.

% ey @-DP ) 1
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LT Edit Text on the Sch ematic:‘h‘ W &]

Hawa to netlist this text Justification Faont Size 0k
Comment |Left v| | 1.B[default) v| | = | |
— _ ance
@ SPICE directive Wertical Text
_.-!l"-_-"'ll-..

( kL1LZL31 ) 2 .

Type Chl-M to start a new line.

D1

L2 ___#D#

1N41

g 2 ;1m
L1
74 P . _{; D2

3.Adim: Simdi simulasyonu baslatip. Stop Time’t 100ms olarak belirleyelim. R1 direnci
iizerinde dogrultulmus tam daga goriinmektedir.

¥ LTspice IV - trafo.ase - — | (|

File Edit Hierarchy View Simulate Tools Window Help

Be d T £ RO B ERRE oA ASE LB YU D Aa op

1, trefo.asc |12 iraforaw

¥ trafo.raw o= =
Vin002)

T o o)

14:53

T 0D s
: |
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#0rnek 5: Asagida verilen devreyi olusturalim ardindan giris ve ¢ikis sinyallerini
goriintiileyerek gerilim kazancini bulalim.

> R1
R2 2.7k c2
1
1
. C1 180k 10pF
Vi 1 Q1 R3

10uF 2N3904 10k

Vo

SINE(0 6mV 1K)

tran 5m

- Simiilasyonu baslatarak sekilde goriildiigii gibi 1 kismina tiklayarak imleci gérelim. Imleci
2’deki konumuna getirerek giris sinyalinin tepe degerini 3 kismindan okuyarak not alalim.

V; = 5.99mV
LT LTepice IV - Draft] - X
File Edit Hierarchy View Simulate Tools Window Help
BEHTFINQOAR B ERE 2RSS L0332V 0D A op
1, Drft1 $ Draftl
¥ onan p— o (==

2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, {Fin005E ) 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

4, Draftl =R =N )

- 3
Cursor 1
Vin0g
Horz: [ 243, 609%us
Cursor 2

s [ e
Diff [Cursar2 - Cursorl)
[ Hea- [ta-

Left-Click & drag to move Cursor 1 [ Hze- [nra-

2137
B Eektronik 1 (eni Sekme - Goog.. &, Ekran Alintisi Aract WA LT Spice [Uyumlul... LTspice IV - Draft1 & Adsiz - Paint ~gwm gz B .

- Simdi de ¢ikis sinyalini goriintiileyelim ve giris sinyali ile ayn1 zaman diliminde ki degerini
bularak not alalim.

12



AT LTspice IV - Draft1

- 8 X
File Edit Hierarchy View Simulate Iools Window Help
BE T F0 acar BRIl AT tben oSl D3 Do Az op
4 Draftl ¥ Dt
¥ Dratt o[ @ =

4, Draft!

L
fl
¢
£

Rz (=T o
10pF Cursar 1
W Q " R3 00
10uF o = Horz: [ 243 60336ys
vz SINE[D 6mV 1k} Cursor 2
tran 5m
[ Nz [ ~Hz-
Diff [Cursor2 - Cursort)
[ Nz [ ~Hz-
x=3.608ms _y = -0.807V [Hza- [

B Eektronik 1

. ) N 2145
Goog.. . Ekran Alintisi Araca WH LT Spice [Uyumiul... LTspice IV - Draft1 o Adsiz-Paint A~dm g B o

V, = —1.22V
- Verilen devrenin AC kazancini asagidaki sekilde buluruz.

p Vo —122v 2036
Vv (5.99)1073V '

Buradaki (-) isareti giris sinyali ¢ikis sinyali arasinda faz farki oldugunu géstermektedir. Yani
girig sinyali tepe olusturdugu anda ¢ikis sinyali cukur olusturmaktadir.

#0Ornek 6: Asagida verilen devrenin gerilim kazancini, giris ve ¢ikis empedansini bulalim.

V1
R2
12v 220k
vi Ci - Q1
10pF 2N3904
Cc2
V2 SINE(0 2V 1k H Yo
( ) 10pF
tran 5m R1
3.3k
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1.Gerilim kazanci: Giris ve cikis sinyalleri ayr1 ayr1 goriintiilenerek asagidaki sekilde
verilmistir.

i -
{2 Draft1 ¥ Draftl

Giris Sinyali Vi=1.999 Volt Cilas Sinvali  Vo=1.999 Volt
Gerilim Kazanc Av=Vo/Vi=1l

2. Giris empedansi:

1.Adim: Devrenin girigine seri bir diren¢ baglanir.

V1
§R2
12v 220k
c1 Rs
A !
10pF o 2N3904
c2
SINE(0 2V 1k) ToF
Aran 5m R1
3.3k

2.Adim: Cikistan alinan siniis sinyalinin tepe degerinin gerilimi yarisina diisene kadar direng
degeri degistirilir. (Cikis gerilimi/2=0.99 Volt)

V1 0.99Volt
R2
12v 220k

Vi (ﬂl /Rs\ Q1
10pF 175k \f””"‘(‘:z
V2

Vo
SINE(0 2V 1k) |

10pF

tran 5m R1
3.3k

14



Degistirilen direng degeri 175 kQ oldugunda c¢ikis gerilimi normal de§erinin yarisina
diismektedir. Dolayisiyla bu devrenin giris empedansi;

Z; =175 kQ 'dur.

3. Cikis empedansi:

NOT: Giris gerilimini 20mV olarak degistirelim, yiiksek giris gerilimlerinde ¢ikis empedansi
hesaplanirken devrenin dc kararliligi bozulmaktadir.

1.Adim: Devre normal haline getirilir bu sefer de ¢ikis terminali ile toprak arasina bir yiik
direnci baglanir.

V1

R2
220k

Vi I
10|||JF 2N3904
V2
INE(0 20mV 1Kk) 10|JF
Aran 5m
3.3k

2.Adim: Cikis terminaline baglanan direncin degeri, ¢ikis gerilimi normal degerinin yarisina
diisiinceye kadar degistirilir.

Vi 9.99mV
R2
12v 220k

12V

= c1
T -
10pF c2
V2 @NE(U 20mV 1k) 10uF Ve
tfran 5m 1 g

Degistirilen direng degeri 14Q oldugunda ¢ikis gerilimi normal degerinin yarisina
diismektedir. Dolayistyla bu devrenin ¢ikis empedanst;

Z, = 14Q 'dur.
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BODE GRAFIGIi iILE FREKANS SPEKTRUMU ANALIiZi

Frekans spektrumu ¢ikarilacak olan 6rnek bir devre kuralim:

R1
Vg _ Ve
vi 100 c1 L1
T1p 470p

Frekans spektrumunun ¢izdirilebilmesi igin yapilmasi gerekenler:

1. Gerilim kaynagimin ayarlarimin yvapilmasi: Gerilim kaynagi {izerine sag tiklayip
Advanced kismina girelim.

[ AT Independent Voltage Source - V1 ﬁ
Functions DC Value
@ [none) DC value:
() PULSEV1 W2 Tdelay Trise Tfall Tan Period Neyeles] b ake thiz infarmation wizsible on schematic:
() SINE[aoffzet Wamp Freq Td Theta Phi Moycles)
) EXPR W2 Td1 Taul Td2 Tau2) Small signal AT analysis|AC] 1
(7 SFFM[Woff W amp Foar MO Fzig) AL Amplituds
0 PwLIE w1 1242 ) AL Phat
) PwL FILE: P P ake thiz infarmation visible on schematic: [V 2

Parasitic Properties
Seres Resistance[02]:

Farallel CapacitancelF]:

b ak.e thiz information vizible on schematic:

Additional Pl Paints

b ak.e thiz information vizible on schematic: Cancel ] [ ak. ]

Sekilde verildigi gibi ayarlar1 yapalim.
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2. Simiilasyonu kosan adam iizerine tiklavarak baslatalim ve cikan meniivii asagidaki
oibi dolduralim.

LT Edit Simulation Command [

.,
Transienﬂ Al Analyzis }DE SwEep | Moaize | DC Transfer | DC op pnt|
: 1
Compute the zmall signal AC behawior of the circuit linearized about its DC operating

poin.

— 3
e __2]>?

Mumber of points per decadk

Stark Frequer@ 4

Stop Frequencg —
]

Syntax .ac <oct, dec, inx <Mpoints> <StartFreqs <EndFreg:

=

3. Simiilasyon basladiginda devrenin cikisina V¢ noktasina tiklanarak verilen devrenin
frekans spektrumu asagidaki gibi cizdirilir.

Type of Swee

ac dec 1071 1 1000k

Cancel

t: Draft2.raw

Vin002)
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