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1. Introduction

Modern electronics needs circuit simulation -- only in this manner you can save time, cost and effort when
designing new or modifying existing circuits. Every new idea can be tested without a real printed circuit board or a
soldering iron. Therefore the “SPICE” program was developed before 1980 at the Berkeley University, running on

FORTRAN machines. But the more important version for the ,normal” user is PSPICE ( = SPICE for the PC).

Around the ,SPICE Kernel“ ot of people have programmed shells and programs for simple and intuitive usage
and so you can find lot of software offers on the market. Most of the available programs are excellent, but huge
and expensive and so we have to say ,Thank You“ to Linear Technologies. They offer a free full SPICE-program
named ,,LTspice* without any restrictions. It was foreseen to simulate switching power supplies using the
semiconductors of the enterprise.....but can also be used for nearly other electronic purpose. It can be
downloaded from the web without any problems or fees but the usage is a little tricky -- a mixture of command
lines, menues and mouse clicks. So it needs a lot of effort before the first own simulation. And this was the reason
for an old professor like me to write this tutorial for other people.

Warning for the new user:

There are sometimes several ways to get to the same command (hot keys, menu bar symbols, menu selection,
menus that appear with a right mouse click, etc.). So find out the way which you personally prefer and don’t be
afraid of or confused by the different kinds of run commands.

2. Installation
No problem: download the zipped software from the homepage (www.linear.com), click on the ,.exe"“-file and you
will be guided by the program. An icon is created at last on your Windows-screen.

3. Exercises with the included Example ,,Astable Multivibrator*
3.1. Using Circuit and Simulation

#iLinear Technology LTspice/SwitcherCAD III

Fil= ¥ Wiew Tools Help

AL 72 6@ 0 R e

Click on ,File* in the upper left corner and then open ,examples”.
In the folder “educational” you find the file “astable.asc”. Open it.

Dpen an existing file

R aleix
(T alpix

B W TS QLD G BERY 1afn a8 l4+mresiTODO de oy
R1 R2
2K 2K
Vi So the screen with the schematic should
("’ now look like.
- R3 R4
5 101K 100K
@ e g at
2N3904 | oty oty f._ 2n3g04
7 "
.tran 25m startup
This example schematic is supplied for informationalleducational purposes only.
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Linear Technology LTspice/SwitcherCAD IT
‘li File Edit Hi_erarcth Simulate  Tools

e | e} | ac e

simulation.

Run Simulation!

Lirvear Technology LTspice, SwRcherCAD 111 - astable asc
Bl [ Hawchy Mew G Jook | Window

BEF M Fale — i RR M A8 LB 000

Now look for the button with the ,running guy®. This starts the

TS|

F——
Y

The simulation is

done, but where are
the results? (The
diagram in the
upper half of the
screen is still

empty....)

If you prefer
another manner of

N }‘
: ] < 1K /\ < 100K
=~ /A\g ]
e o At j?"”“
\[/ =
Aran Z5m starbup
supplind aniy.

presentation, open
the menu ,Window*
and click on ,Tile
vertically®.

iisnart] o wonn b | B Lr-mchercan o e . || F Uear Technalogy LT, 80 Pass: e Pro - 684 05 44

Liner Trchnokagy § Tspicr, SeitcherCAD 111 - nstable.asc
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Jiran 25m startup

This example schematic is supplied for informational/educational purpases only.

Better now for you?

Ready
8t | |y wesD Dokt | Bt Sumtctmrcan 00 dec .. |[£F Linear Technalogy LT 88, Pate Shep - it 06 | HernOoma ne
Information:

Who likes a result plot with thick lines for the curves must now click on the
“button with the hammer”. There he finds a menu ”Waveforms” and in it “Plot

data with thick lines”.



3.2. Presentation of Simulation Results
Move the cursor to the point or line in the schematic of which you want to know the voltage. When arriving the
cursor changes its form to a ,testclip“. Now a simple mouseclick activates the presentation of the desired curve:

F#jLinear Technology LTspice/SwitcherCAD III - astable.asc - 151 x]
Fle Edit Hierarchy View Smulate Tools Window Help
Iz = Nl o8l Bl BERE theh A8 LR 380 An op

1, sstable 550 |$2 astabieran |

astable.asc [

Use a "left mouseclick" on this line
to measure the voltage

tran 25m startup

This example is supplied for i i purposes only.

' start| | 7 Linear Technology LT... &8 Paint Shop Pro - [Bidz* ... «®L QNG 1622
You can continue in this manner, but remember: you have only one diagram. And how is it possible to separate

the different curves of the different points? Where can you get the informations from? For instance so the
presentation of all base- and collector-voltages looks like:

V[n002)

=0

e —
In principle you have a choice of 3 possibilities:

SPICE Netlist: C:\Programme’LTC\SwCADIIT examples'Educ x| a) Look for the node’s name in the
* Ci\Programwe’\LTCYSWCADIII\exanples\Edusationallastable.asc Netlist‘ because the different curves
R1 NOO1 NOOZ ZK i w B ) .
=6 Tl SR S are named_ V_(node )- You find this
R3 HOOZ HOO4 101K important list in the menu “VIEW” and
R4 NOO3 ¥OOS 100% SP'CE Netlist“
c1 HOOZ NOO4 .O1p ? '
cgd NOO5 wOOZ .0lp
vl w001 0 5 This is the netlist for our example and
Q1 NOO3 ¥OOS5 0 0 ZN3904 H
%) G027 ) 6] =G easy to read. Every_llne belon_gs to_a
.model WPN WPH part in the schematic and begins with
-model ENE PNP the part’s name, followed by the nodes

.lib C:hProgramme’\LTCYSWCADIIIYlibhcwphstandard.bit s
.tran 15w startup between the part is inserted. At last you

* This example schematic is supplied for informationalsfeducational purposes onl find the part’s value.
-backanno

-end



b) Much easier is the cursor method. Move the cursor to
the desired point and look for the cursor’s change to a
testclip.

In this moment you get a message in the
lower left corner of the screen with the

node’s nhame
lick. o plak W(MO0Z),

v Plaver - Herr  d

Linear Technology LTspice, SefcherCAD 111 - astable.ras Sk

Bl Yewr Plrfarnge Sedicn [ace Wedow bl C)
PE T #0 G0aR KOERE SRAMAE /L0 £ vD D 2 Gl da Much easier is to
4 stsblesac B2 sestian |

use separate
diagrams for the
different curves.

Right click right on
the presentation
window and choose

,Add Plot Plane“.

[ B
T Lu Novx_/ you ge_t an
= S additional diagram.
P — Left click on it with
) om \-/ om the mouse to
? - j‘“"‘n AT ’l - . activate it.
) e il Lﬁwm Afterwards click on
L s the point in the
prapp— schematic (f. i. the
ool Pr et = base of the left
T T @j<ossosmes transistor) to
present the desired
voltage

If necessary, repeat this procedure to get more diagrams.

| But how to delete undesired presented curves: see the following chapter!

3.3. Deleting Curves
This is important to know if you present too much curves in only one diagram and you are loosing the overview.
So

a) Left click on the diagram to activate it -- the frame colour should change to a dark blue.

b) Press F5 and the cursor will change to scissors.

c) Move the scissors to the name of the undesired curve -- e. g. “V(n001)” above the diagram and click on
it. The curve will disappear at once.

Important:

To measure another voltage in the schematic, please press at first ,Escape” on the keyboard to leave the delete
function. Then click left on the schematic and watch that its frame changes to dark blue. If this is true, move the
cursor to the desired point in the schematic until the form changes to a test clip...and so on....




3.4. Changing Curve Colours

A very simple exercise.......

Enter an algebr

[default]

’\-’[nDDE]

B e _ssion Editor - F(¥(n005),...,
U efault Color:

Delete this Trace




3.5. Changing the Simulation Time

v ™ This simple line ist the simulation command! It means::
Simulate all signal curves from 0 to 25ms.

(The simulation will always start at zero).

.tran 25m startup

Edit Simulation Command x|
AC &nalysis | DT sweep | Noise | DE Transfer | DT op pnt If you now move the cursor to the text of this line
= - T and right click, then you'll get this menu.
‘erform a nondinear, time-dormain simulation.

Time Domain Eolline Please enter a new value for “Stop Time” if you

Simulation Time toStart Saving Data: want a longer or shorter simulation time, press OK
Maximum Timestee: | End of Simulatiom and finally the simulation button (with “the running

Start extenal DC supply voltages at 0V ¥ a2t 26ms gUy” on It) to start PSPICE.

Stap simulating if steady state i detected: [
Dot reset T=0when steady state s detected: 2
Step the load current source: ]

Skip Initial operating point solution: [

Suvntax: .tran <Tstop> [<option> [<optionz] ...]
I]'“"‘” — i- Simulation Command

Cancel |

Task:
Please choose a stop time of 50ms and simulate the collector voltage V(n002) at the left transistor

Lirse e Teet havisbogpy L Vi Svwibe s CAD THT - st bde. st

=% =]
Bin e Merachy Yew Sewistn Iock Wrdow Heb
BE | T QUAQRBECEBE QPN A8 L-Dx3 xONOCO T miidy
4 ntable.ao |12 astotie o |

[ Sastablersw

L=

Aran 50m stortup

This

& u-!l A7 Uinear Technology LT...  BE]LT-Setchacan i doc ... | Pt Shop Bro

g--oEdBnT Ao me va

This should be the result.

You can see that the simulation of the circuit behaviour after the start is a very important point -- e. g. for the

analysis of switching power supplies (...and the parts, delivered by Linear Technologies...). But if you are only
interested in the ,steady state®, then you should use the zoom function.

10



Task:
Make the voltage curve visible between 30 and 35ms.

Solution:

Sim ools

i a) Press this ,enlarge button” and afterwards drag the region between 30 and 35ms
with the pressed left mouse button.

FEjt e Tochnckoay LT upice, SovitchuteCAD 111 - aat bl sivm
Bt Y Pt Sectings Gewison [ock fndow e

e T £ Q008 EUERE i has /- A L)
|

=leix

b) When releasing the
mouse button you
should see this diagram.

Bran Sim starep.

w1 TS 161 BT} o 60TV (skoom m L STV

815800 [ i Texbrtogy L )11 a0, 1 .| 8, ot sepivs AT oRAnne HY =u

on Toaols  Window  Hi

c) If you want to go back to the full screen presentation press this
button.

11



3.6. Changing Current or Voltage Ranges
Very often you want to examine little details of a curve. So you have 2 possibilities:
a) Use the discussed zoom function from chapter 3.4.

b) Switch from “Autorange” to ,Manual Limits".

Example for solution a):

Task:
Show only the short negative ,,peak” of the collector voltage by zooming:

¥ Linear Techmebogy LTspice, SwitcherCAD 111 - astableran =lsl=

Bl Ve PhkSetings Gmustion Jeok Wndow Heb
B B X0 el ENBRY iReNAO&| /-0 =3 w0 0 iR A

L oot mnc 1 astablenaw |

9.97ms 10.00ms 10.40ms

'
- e
E',_._;V
e
‘-\-\.’(
e
Vi—t
(-
L

R
= \ < 100K
] c f -\_c|2 -
ﬂmrf A O Lo
= T 7
Aran 25m startup
e = 029, 107s{ 1 20GKIE)  chy = 1424Y  (slope = 1TU7.TUNIS)
i start| £ Fuv Player - Herr_deins_.. | B} LT-SwstchercaD 01 dec .. | 9, Pane shep Pro [ v vechnologyLr... b IR

Example for Solution b):

Task:
Set the values fort he vertical axis to the range 0.....+1.5V.

€8, Zoom Area Chr+-2

@, 7o H
I c Step 1:
om ko FI kvl RIGHT click on the calibration of the vertical axis in the diagram

E\ £0
and you get this menu for Manual Setting on BOTH AXIES.

Q

2 [Manual Linits

I % Wisible Trace
1

(Attention:

If you left click on the axis scaling, you’ll only see the
»quick solution menu”. Please test this, but we want to
have a look on the ,,big solution” and continue with the
case of the right mouseclick).

Now switch off “Autoranging” and activate ,Manual Limits" .

OFF

.;',’1'3 Delete Traces
& Seleck Steps

12



Maximum Value

Wertical Auxis

Top:

Tick: ISDDmV
Baottam: Iﬂ

™ Logarithmic

inimum Value

X

Cancel |

Huarizatkal &xis

Left: IDs Tick: |3ms

[~ Logarithmic:

FgjLinear Technology L Tspice/SwitcherCAD III - astable.raw

Step 2:
Enter the new border values for the

Let this be... Vverticalaxis.

If you want you can also modify the

3 o — horizontal time axis. But at this moment:
Right: |25ms .
let it be...

=18]x]

|2E A% |x0econ B ER% iR n 8/ -0 D000 0 @E0L

4, sstableasc i astable lawl

V[n002)

R3 R4
101K 100K
a2 c1 c2 a
2N3904 o o1y 2N3904
SRR
JAran 25m startup

This example schematic is supplied for informational/educational purposes only.

x=16.16ms y=0442¥

_’f'Start§ FLY Player - Herr_deine_... | B8] LT-SwitcherCAD_01 doc . ] 88 Paint Shop Pro l L7 Linear Technology LT...

This is the goal when returning to the full screen presentation including the schematic, where you now -- if you

want! -- can modify part values.

‘ -
E: « w0315



3.7. Using Cursors

3.7.1. Working with one Cursor

Measuring the signal value at special points is easy with a cursor:

astable.raw

V(003
Veit: [1.19827/

Curznr 1

If you now move the mouse to the marked point, you suddenly see the number of the cursor (here: ,1%) hanging
on your mouse. By “dragging” (= pressing the left mouse button + moving the mouse) it is possible to shift the
cursor along the signal’s curve. The actual curve value is then indicated in the window.

3.7.2. Working with two Cursors

RIGHT click on the signal’'s name and open ,Attached Cursor” in the menu:

M Expression Editor - F{¥(n003),...)
D efault Color: I:l -

Erter an algebraic expression to plot:

Y (n003) ?

Delete this Trace

o |4.B317EY Now two cursors are

visible and can be
moved independently.
The actual cursor

- 1 19827¢ values AND the

differences are
displayed in the

3 4835y window.
4567.58

14



3.7. Differential Measurements

Every measured and presented voltage ist referred to a REFERENCE POINT (normally: ground). But how can we
get the voltage between two points within the schematic? In this case you need a ,differential voltmeter*, but
where can you find that?
bg' 1=, 'ce/SwitcherCAD III - astablq

Poulate  Tools  Wwindow Help Sorry_: . ) )
LTspice does not use a differential voltmeter like other SPICE programs!

o Area Chrl+Z
E % zo N Cuke You must change the REFERENCE POINT for this purpose. That means that you
i o, P°° at first must set a new reference point at one node and then click onto another

L=

node!

| Show Grid \ Chri+G
¥ Mark Uncann. Fin: u
Matk Text Anchors w  So please open the menu ,View" and activate ,Set Probe Reference”.
Efficiency Report * Now we want to see the capacitor C1’s voltage (= base capacitor of the left

Bill of Materials 4

G SPICE hitlst transistor).
SPICE Error Log

b Set Probe Reference

Ird Status Bar

R1 R2  After OK you now have a “testclip” as cursor. Click
2K 2K with it on the base of the left transistor.
Vi ! !
C) R4 Then click on the collector of the right transistor (=
5 100K other side of capacitor C1). That is all!
a1
2N3904 | 2N3904
V

al®l x|

e L swwchy Do Jemise [ok i b

B R T4 a0aR EC SR ILRK A8 LML TONC0 o Now use -- ifyouwant! -

[ e [ st

e 5z thezoom function for
o interesting details.

To leave this “differential
measurement option” simply
click on ESCAPE.

s exmriphe schmntn. 15 Sl 14 fof i sl bl v il g s o0y

2t [0 P s o s | W] LF Sttt o | 90, Pt S gy T

15



3.8. Current Measurements

Make the circuit diagram window active (...by a left mouseclick on it....) and move the cursor exactly over the
part of which you want to know the current. The cursor changes to a “current sensor” and with a left mouseclick
on the part you see the current curve.

Example:
Current in resistor R1 (= Collector resistor of the left transistor):

FéjLinear Technology LTspice/SwitcherCAD 111 - astable.asc 1= =]

Ele Edit Hierarchy View Simulate Tools Window Help
| B (H [T (40|60 0R[EHDRE| I DEMN DS LD+ ZDDD 0

4, sstsblesse |12 sotableran |

./

astable.asc i - (of =]

JAran 25m startup

This example schematic is supplied for informational/educational purposes only.

Left-click to plat I{RL). Right click to edit.

I
& 'start| & squirelMail 1.4.9a - Muzl.‘.l FLY Player - Herr_de\ne_.‘.l A7 Linear Technology LT... ] LT-SnitcherCAD_OL.doc ... J 88 Paint Shop Pra J E \ « 2L D 1228

16



3.9. Changing Part Values
Now we want to repeat the simulation with different part values. Let every capacitor be C = 1000pF and the both
base resistors of the transistors R3 = R4 = 22kQ.

Move at every part the cursor exactly on its value indication and right click with the mouse. So you get the
property menu and you can modify the value. Close with OK.

R1 R2
2K 2K
@)
T 5 This is the new circuit to be simulated....
Q2
2N3904
~
Aran 25m startup

....and this should be the simulation result:

FEjLinear Technalogy LTspice /SwitcherCAD 1II - astable.asc =
Fle Edi Herarchy Yiew Smulate Tools Window Help

B B S F0 acer| 2l ORE +REN 08 2@ L3 DU 0D 0 G

1 cstable. s | 377 stabie. o |

Aran 25m startup
. o . _ informatior ol o
—
1 start| B3 FLv Plaver - Herr_deine_... | B) LT-SwicherCaD_01 doc .. | [ £F Linear Technology LT... <« ®Idp 0957

Please use the zoom function or modify the simulation time to see the details or to measure the new oscillation
frequency.

17



4. Project 1: RC Lowpass Filter
4.1. Drawing the Circuit Diagram with the Editor

Open a new file and save it in a new folder (e. g. named ,RC-LPF_01%).

wnoow  nep

VRO HR2E I 2EHASHE LD 3 YDOOD

Then press the ,resistor button® to get the resistor, turn the
symbol left with

<CTRL> + <R>

EI/\/\/—E for 90 degrees an place it on your sheet. Leave this
function either by a right mouseclick or by pressing
Ground R 7Cq -ESCAPE" on the keyboard.
- Repeat this procedure for the capacitor and two ground
symbols.
oC
Two tips:
a) To delete a part or a connection in the circuit, press F5. At once you get scissors as cursor.

Move these scissors over the symbol (or the wiring connection) and left click: the part or the connection
disappears at once.

b) To move a part, press F7 and the cursor changes to a hand. Move this hand over the symbol
of the part and left click . Now the part is connected to the cursor and can be moved with the mouse. A
new left mouseclick will fix it in the new position.

Do never forget:
Leaving these special functions is done by pressing the ESCAPE KEY on the keyboard!

e W
a3 foposoiiia
We still need a voltage source and you must therefore

Il Select Comr anent Symbol x| open the ,component list“ by pressing the special
Tap Directgl: |c:\ngramme\LTc\swmmn\nh‘ym =l | button.

Wi ri n ‘é"oltage Sofce, either EC, AL, PULSE,
Py H In the appearing list please look for ,voltage“, mark it
C ﬁfﬁ&héﬁt LISt with a mouseclick and press OK. The symbol of the
B tto n voltage source is then hanging on the cursor and can
be placed within the schematic.

Wpen this macromodel's test fizture |
[veltage Now we can start with wiring. Press the button with
the pencil, roll the cursor to the start of the

ProgrammesL T ChSwCADI Mibspnat,

connection, click left and roll him to the other point.

I32§2 Eﬁm One more left mouseclick and the connection is

ltire progd perfect!

mesfet php

it php2

oS pnpd

hmozd polcap

hph es

npn2 i Important:

ﬂgﬂi %%O":age SOU rce For an ,,edged“ wiring start as before, roll to the
4] |»| | edging point and left click. Then you can do the

rest of wiring in another direction.
Carel_| 9

¥
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4.2. Changing Part Values

This is demonstrated by capacitor C1:

Move the cursor on the letter “C” and
right click. Then enter the new value
. . and close with OK.

At first click right

on this letter "C".... Please change the value of the
resistor R1 to 10k in the same
manner.

....then enter the ne

value.

So the circuit should now look like.

But: before programming the voltage source we
must decide wether we want a

time domain
ora

frequency domain-
simulation!
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4.3. Time Domain Simulation: Non Repetitive Signals at the Input

4.3.1. Step Response
Please use a transient simulation in the time domain and let the input voltage jump in a very short time
from 0 to +1V.

e witch. “CAD III

Click on the button ,Simulate”, then ,Edit

Simulation Command"® and ,Transient*
Analpzis | DC sweep | Moisg DC op pnt
Perfarm & nondine - Enter a stop time of 2ms and check that this
was accepted by filling the lower empty field
with
Time to Start S X
I awirnum T
Start external DC supply voltages at IV [ 2
Stop simulating if steady state is detected: [~ 'tra n m S
Dion't reset T=0lwhen steady state is detected: -
Step the load curent source: [
Skip Initial operating paint solution: [ Then press OK.
an < Tstops [<option: [<option:] ...]
Cancel | ()8 I
V1 : This command line hangs now on the cursor and must be placed by a
| mouse click somewhere in the Editor screen.
| 10k C1

aource to open the property window. There open the ,,ADVANCED* —

: ~—— 10nF To get the correct input voltage, right click on the symbol of the voltage
: menu.

The input voltage curve is generated by a series of linear lines
~ Functions rocval (= ,pieces”) between fixed points. This is done by the
" [none)
" PULSE[M1 %2 Tdelay Trise Thall Ton Period Neycles] = PWL = piecewise linear
" SIME([Voffset ¥amp Freq Td Theta Phi Noycles)
 EXP[1 V2 Tdl Taul Td2 Tauz] r— Small sic option, which now must be activated.

" SFFM[off Yamp Foar MDI Fig)

& Pl e E2 w2

Pl FILE:

At time1 =0 the voltage is also 0V.
At1ns the voltage value has risen to +1V
and this value must not change.

Browse | e

r— Parasitic

tirne[s]: |0 Please enter these two pairs of values in the list of the menu,
waluel[v]: |0 Make make the information visible on the screen and close with OK.

time2[s]:
value2[V]: Place this information on the screen. Move it -- if necessary!

. -- by pressing F7, clicking on it and dragging with the mouse.

vabedp [ Leave the F7 function by pressing the ESCAPE key on the

time4[s]: keyboard.

walued V]

Additional P4#/L Paints

I ake this information wisible on schemati
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Now start the simulation, click on the input resp. output point in the schematic and admire the result:

FijlLinear Technology LTspice/SwitcherCAD IIT -RC_LPF_01.asc -
Ele Edt Herarchy View Smulate Tools Window Help
B % F 0| acen B0 BB LDEN A3 L0 3 DO D 00 e o |

4 ACLPF Oase |$2 Ae_LPF_07.ran |

Vin001)

RC_LPF_O1.asc =loj]
R1 il

10k c1
10nF

PWL(0 0 1n 1)
.fran 2ms B

&'/ start| | £F Linear Technology LT... LT Swikcher CAD_01.doc ... | 88, paint shop Pro - [Bid_35... | |«=im @YD 725
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4.3.2. Switching ON and OFF

No problem because you have only to extend the value-pair list of the PWL source:

0 0 (Zero Volt at start point)

1n 1 (+1 Volt after 1 nanosecond)

1m 1 (still +1 Volt during 1 millisecond)
1.000000m O (Within 1 nanosecond back to 0V)

F&jLinear Technology LTspice/SwitcherCAD ILI - RC_LPF_01.asc =) x|
Fle Edt Herarchy Wew Smuate Took Window Help

PE H T XN RAQARBED ERE »BEAAE| LR CF3 DO OO Sl op

4, RCLPF_01.asc |27 AC_LPF_0v.am |

V(n001)

RC_LPF_Dl.asc o = ;I_Dj_)_(_]
R1 it
10k c1

—‘iIOnF
New Extended
PWL-Value-List——== | PWL(001n11m 1 1.000001m 0
ran 2ms =
& start| [£7 Linear Technology LT... B]LT-5nitchercAD 0 doc ... | ¥, Paint Shap Pro | R L TLIE
Task:

Add now the voltage at the resistor to this diagram!

Solution: add a reference point to the output (= connection between the resistor and capacitor). Touch the
connection between voltage source and resistor with the cursor and click. At once the desired resistor voltage is
presented in the diagram.

Linear Trchnalogy L Tspice,/ SwitchertAD 111 - RE_LPF_B1, asc. -
Ble B¢ Herorchy Vew Srste Tods Wedow Hel

B E T+ aqaRE SR% ihen 08 LlsmitigoHoo ==

£ RCLPF. 0 me [ A U500 e |

h— .,.-"II
[
<7 e
PWL(0O01n11m 1 1.000001m 0)
Aran 2ms

Erre——
@5t [ 27 Lnear Technalogy LT, Su1-Siibmrcan 07 e . | 88 Pare e oo -t 5. | g« nomosna nm
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4.3.3. The Impulse Response

Fourier, Fast Fourier and Laplace Transformations are important tools for modern Communication or Control
Techniques. With these tools you can get all informations about the system’s reaction to any input voltage form --
if you know the Transfer Function.

This transfer function is the ratio of the output sine voltage to an applied input sine voltage, but
presented in a complex “magnitude + phase” — form.

So let us have a look at the impulse response:

If you apply a ,,Dirac - Impulse” to the input of an unknown system, then the answer (= Impulse
Response) at the output will contain every information about this system -- because this answer is a
“time domain form” of the transfer function.

And with the transfer function you can -- by “convolution” -- calculate the output signal for every
possible input signal.

The Dirac Impulse is a little crazy: the amplitude is infinite, the pulse length is infinitely short...but the “pulse area”
(= magnitude x pulse length) is “1”.

This is impossible to generate but you can use a definite limited amplitude and a definite short pulse length --
only be shure that you have again a pulse area of “1” and the pulse length is much shorter than the system’s time
constant (....a factor of 100 to 1000 will do the job). And in real linear systems it is allowed to reduce the pulse
magnitude to a value which is not dangerous for the system itself. Afterwards simply find out the necessary
correction coefficient to get again the “ideal” values.

Let us have a look at our lowpass filter.
Task 1): Apply at the input of the LPF (R = 10kQ2, C = 10nF) a Dirac impulse with a peak value of
Vampl = 1 Megavolt. Start with a delay time of 1 ms at an amplitude of OV. Then the pulse rises to 1
Megavolt within 1 Nanosecond, stays on this value for 1 Microsecond and decreases to 0V within 1
Nanosecond.
So we get a pulse area of
1 Megavolt x 1Microsecond = 1Voltsecond

Simulate the impulse response for a stop time of 2ms

Task 2): Reduce the pulse amplitude to 100 Kilovolt but use a pulse length of 10 Microseconds to get again
a pulse area of 1 Voltsecond. Simulate and compare the result with task 1.
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Solution for Task 1:

Functions
£ Inone) First right click on the symbol of the
™ PULSER W2 Tdelay Trise Thall Ton Period Mopcles) B P _ce-wise Lin v voltage source to open the property
€ SINE[Vaffset Vamp Freq Td Theta PhiMoyoles) e Vale] menu. Then fill the PWL-list with
¢ EXP1 W2 Tdl Taul Td2 Tau2] 1 g the informations about the
= L . .
¢ SEFM{vaff Vamp Fear MDI Fsig] TS T additional points and. yalue pairs
& Pwlit v 2 v2. ] 1.001000m 1000000 (use the button “Additional PWL
1.001002m 0 Points”):
£ PWLFILE: |
— 0 0
time1[z]: |0 E— 1m 0
waluel[v]: |0 o 1,000001m 1000000
tineZlst [Tm e 1,001001m 1000000
value2[W]: |0 1 ,001 002m 0
time3[z]: |1.000001m
X FRiight click on a time or value
walue3[V]: [1000000 Shove o dit
timed[z]: |1.007001m :
Inzert Point | Cancel |
walued[V]: 1000000
Delete Point ()8
j=
I ake CTTIcaT e o BTt 19 Cancel | 0K

When simulating input and output voltage you get this screen where only the Dirac impulse with its amplitude of 1
Megavolt can be seen:

=&l x]

FijLinear Technology LTspice/SwitcherCAD 11T - RC_LPF_01.raw

Fle Wiew PlotSettings Simulation Tools ‘Window Help
B el i|accr Bl EaE 20k 08|/
4, ACLPF Olasc ¥ RCLPF.O1 raw]

LPF_Ol.raw

V[n001)

R1

10k c1

10nF

PWL(001m 0 1.000001m 1000000 1.001001m 1000000 1.001002m 0)
tran 2ms

Ready

& start| | £7 Linear Technology LT... ] LT-SwitcherCAD_01,doc J B9 Paint Shop Pro - [Bild_37... J 3 FLY Player - Reinhard_m... 1= =i QET!;) 204
I -~

Use the zoom function for other details, because the system’s response has only an amplitude of 10KV. So
change the scaling of the two axis to see the response curve -- and afterward have a look at the solution on the
following page.
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This is the correct presentation:

FEj Lirseae Terchssbocgy | Taguicn,Suitcher CAD 111 - RE_LPF_B1.ram

Ein \w Plot Seftings Smubation ook Window el
(=R~ Rl S ol EdERT e A8 /= b

£ R e 2 BCLPE 0w |

Dirac-lmpulse
./ Impulse Response

1.4ms 1.5ms

R1
- ‘J“'-V“ 3
( +) 10k |C1
- 4
T 10nF
PWL(0 0 1m 0 1.000001m 1000000 1.001001m 1000000 1.001002m 0)
Aran 2ms

e m 1021 Ims{(979,335HE) cyw 165KV (skope m | 615K 007V]5)

i Start| [ 27 Lincar Technology LT 9] LT-SwicherCAD 01 dox ... | 189, Paisk Shogs Pro - Bkd_38.1 | (50 LV Pl - Beirbard M.,

Solution for Task 2:

Please be aware of the new pulse length (10 microseconds) and amplitude (100KV) and the modified PWL list in
the property menu of the voltage source!

FijLinear Technology LTspice/SwitcherCAD 111 - RC_LPF_O1.raw

_lm| %]
File View Plot Settings Simulation Tools Window Help

| BE HR*0 KRR (BEZIERT s 2PM A8/ L0+ YD P00 o miid

4, AC_LPF Olase ¥ AC_LPF_O1raw ]

RC_LPF_Ol.raw
V{n001)

Dirac Impulse

Impulse Response

R1

10k c1

10nF

PWL(001m 0 1.000001m 100000 1.010001m 100000 1.010002m 0)
tran 2ms

dx = 1.01757ms(382.73H2)  dy = 15,94k (slops = 1.56618+D074/5)

i 'start| | £F Linear Technology LT... @] LT-SwicherCAD_01. doc J 8 Paint Shop Pro - [Bid_39... J 73 FLY Player - Reinhard_M...

“}( L OEY 2z
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4.4. Time Domain Simulation using Periodic Signals at the Input

4.41. Sine Wave (f = 1591 Hz)

We use a sine wave with a peak value of 1V at the corner frequency of this LPF. The corner frequency can be
calculated in this manner:

f = ! - 1
Corner 2eTeReC 2e¢1re0.1ms

Independent Yoltage Source - ¥1

=1591Hz

Open the property menu of the voltage source by clicking on

r~ Functions mOE
" [hone the source symbol and choose “SINE”. Then enter the
(~ PULSE[/1 2 T dela Trise Ttall Tor Period Nevcles) , following properties:
K
' EXPR/A W2 Td1 Taul Td2 Tauz) rSm DC Offset =0
= SFFM[Woff Yamp Fear MO Faig) i
 PwLitl vl 2v2.) Amplitude =1 Volt (= peak value)
M
= PwL FILE: I Browse I L Frequency =1591 Hz
—Pal
DCoffsetl [0 Tdelay = 0 (= delay time after
Amplitudelv]: start)
M
FreglHzl 1591 L Theta = 0 (= damping factor.
Tdelayls} Enter zero for a constant sine wave)
Theta[1/s]:
Phi[deg]: Phi = 0 (= start value of phase)
Mepcles: IEI
Ncycles = 0 or empty field (this entry is

important if you want to create a ,,Burst Signal®)
Addiional PWL Points |

I ake this information visible on schematic: v

Now open the ,Simulate” menu and ,Edit Simulation Command*. Enter a stop time of 10 ms and then start the
simulation. Check the values of 45 degrees of phase shift and an amplitude degration to 70% at the corner
frequency on the screen.

Linesr Technolagy L Tspice, GcherCAD 1T - BC_LPF_01nsc =18 x|
B gt Hrechy ew e Dok Weder tek

B d T BUR ECBARY el A8 LLM eI XON0DO ik
£ RC_LPF_01 e | AC_LPF_01 1|

AN,

(’ Ty ok ‘01

St

10nF
\\_// S
SINE(0115910000)
tran 10ms

Ready
istart| [ 17 Unear Technolegy LT | B1]LT-Sestchercad 01 e .. | 8 bt st evo - [kt _at... | B0 L Pl < Bt .. A/ «roma mun

26



4.4.2. Square Wave (f = 1691 Hz)

Functions

b
" SIME[Voffset Yamp Freg Td Theta Phi Moycles]
= ExPVT W2 Tdl Taul Td2 Tau2)

" SFFM[+aif Yamp Foar MO Fsig)
£ PWLIE v 1242
" PWLFILE: |

Vil [0
Yan[W]: I'I—
Tdelay[s]: ID—
Trize[g]: I'In—
Thalls) [in
Tan[z]: IW

Tperiod(z]: |591.3u

Mepcles:

Make this information visible on schematic;

With a stop time of 4ms you get this result:

Start with the properties of the voltage vource.

For ,PULSE" we need the following entries:

. Vinitial = 0 (= minimum voltage value)
Von =1 Volt (= maximum voltage value)
Tdelay = 0 (= delay after start)
Trise =1 Nanosecond (= rise time)
+ Tfall =1 Nanosecond (= fall time)
Ton = 295,6 Microseconds (= pulse length)
I Tperiod = 591,3 Microseconds(= Period Time)
Ncycles = 0 or empty field (= number of cycles

when programming a burst signal)

FéjLinear Technology LTspice/SwitcherCAD III - RC_LPF_01.asc
File Edit Herarchy Wiew Simulate Toolks Window Help

=18l x]

(Be EF %0 ecaR Bl Sau tbef a8l t@ 3 YDUDD 0 imimrp

£ RE_LPF 01352 | 34 AC_LPF 01 iam|

V(n001)

RC_LPF_D1.asc

Programming the
Pulse Voltage

PULSE(0 1 0 1n 1n 295.6u 591.3u)
Atran 4ms —m=—

R1

10k c1

10nF

Simulate from 0 to
4 Milliseconds

& start| [ £7 Linear Technology LT... LT-SwkcherCAD_01 doc ... | 88 Paint shop Pro |

oc ||BETE TP L TR
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4.4.3. Triangle Wave (f = 1691 Hz)

This is a little bit difficult, because we have to ,strangulate” the Pulse Source:
If we choose a very long rise and fall time but a short pulse length then we get exactly that what we need: a
triangle wave.

Independent ¥oltage Source - ¥1

= TPEY2 S0 please enter the following properties:
izl Vinitial = 0 (= minimum voltage value)
" SIME[Voffset Wamp Freq Td Theta Phi Noycles) e .
 EXPVT V2 Tdll Taul Td2 Tau2) gl VON =1 Volt (= maximum voltage value)
" SFFH[voff Wamp Far MODI Fsig) Tdelay =0 (= delay after start)
€ PWLH vl 12v2.)
" PWLFILE: | Mak Trise = 295,6 Microseconds (= rise time)
Parssi 1gq|| = 295,6 Microseconds (= fall time)
Winitial[V]: ID
oy [i Ton =1 Nanosecond (= pulse length)
Tdelaylsk ID . . . .
Tisels) 2560 Tperiod = 591,3 Microseconds(= period time)
I 255 B Ncycles = 0 or empty field (= number of cycles
Tens] [1n for a burst signal)
Tpenodz]: |591.3u
Mepcles:
bl ake this infarmation visible on schematic: [+

This is the result for a stop time of 4ms:

F3jLinear Technology LTspice,/SwitcherCAD 111 - RC_LPF_01.asc -8 x|

File Edii Herarchy Yiew Simulsts Tooks Window Help

| e el g aR BRI ERE tRRMA A8 L@+ YDDOD MMy

A, AC_LPF_Olase |1 RC_LPF 011w

Vin001)

RC_LPF_D1.asc i =101 x|
R1

Programming the
Triangle Wave 10k c1

10nF

PULSE(0 1 0 295.6u 295.6u 1n 591.3u)
Arandms —e=—____  gjmylate from 0 to

4 Milliseconds [—
i start| | {7 Linear Technology LT... LT-SwikcherCAD_01.doc .. l &8 Paint Shop Pro - [BidS* [ ! Lo o o ao e
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4.5. Frequency Domain Simulation: AC Sweep

Independent ¥oltage Source - ¥1

i~ Functions

" [none)

€ PULSE[1 %2 Tdelay Trise Tfall Ton Period Meycles)
{* SINE[voffzet Vamp Freq Td Theta Phi Moycles)
& ExPR1 42 Td1 Taul Td2 Tau2)
™ SFFM[voff Wamp Foar MO Fsig)
£ PWLIH w1 12 %2 )
= PwWL FILE: |

DCoffsetf} [0
Ampitudel [1°
Freq[Hz]: ID—
Tdelay(z]: W
Thetall/sk [29560

Phildeg]: [1n

MNeopcles: [591.3u

Additional L Foimts

take this information vizsible on schemati

Brawsze |

- DEWalue

WIE walue:

AL Phase: IEI

visible on schematic: v

td ke this informs

r Parasitic Properties ~—
I —

Series Resistan

Parallel Capacitance[F]: I

Make this information visible on schematic: v

Cancel | Ok I

Edit Simulatior _uee. “nd

Tranzient

Compute the zmall zignal AC behavior of the circuit linearized about its DC operating

poirt.

Type of Sweep:
Humber of pointz per decade:
Start Frequency:

Stop Frequency:

X

DC sweepl Moize I DC Tranzsfer | DC op pht

IDe-:al:Ie "’I
|1EI1
|1

10k,

Syntax: .ac <oct, dec, iny <Mpoints: <StartFreq: <EndFreqg:

[ ac dec 101 1 10k

Cancel |

Please check now the generated simulation command:

.ac dec 101 1 10k

Step 1:

Switch the voltage
source to ,AC
Sweep* by opening
the property menu
and the two entries:

AC Amplitude =1
Volt

AC Start Phase =0

Ignore the
programming for the
time domain of the
last example and
delete the mark in
the field ,Make this
information visible on
schematic*.

Step 2:

Open ,Simulate“ and
the line ,,Edit
Simulation
Command*.

Change to the ,AC
Analysis“ menu and
enter:

Decade sweep

101 points per
decade

Start Frequency =
1Hz

Stop Frequency =
10kHz
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Then start the simulation and test the result. Use the cursor to see the actual frequency, phase and magnitude.

FEjLinear Technology LTspice/SwitcherCAD ITI - RC_LPF_01.asc = (-1

file Edit Herarchy Wew Smulate Tools Mindow Help

[ F @ | F0 QR (B HRW s REMH 8 LSO DU O D Oy

4, RCLPF01.35c |37 AC_LPF 01,52 |

V[n001)

Amplitude ————=®

Phase —=®

RC_LPF_Ol.asc n (=] )

R1
Frequency, Phase and
Magnitude at the actual 10k c1

Cursor Position . .
) 10nF Source Properties switched

< to AC Sweep

.ac dec 101 1 10k =
% Commal’]d Llne fOI’

=1.590KHz v =-3,01208, -14.725° I

Congratulations, the first own example is now successfully terminated!
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5. FFT (= Fast Fourier Transformation)

Very often we need information about all frequencies which can be found in a signal. It is a fact that only a pure
sine wave consists of only one frequency. So, every deviation from the ideal sine wave curve produces new
frequencies (harmonics) with frequency values of 2x, 3x, 4x....of the fundamental frequency. This information can
be obtained by using the FFT.

But first several things are neeeded to get the FFT working and to get good results.

The start frequency AND the minimum width of a spectral line AND the smallest frequency step are all
determined by the

Mimimum frequency step = start frequency = minimum line width =
=1 / simulation time

Also for periodic signals the simulation time must be an integer multiple of the period time. If you ignore that you
get “ghost lines* and / or an additional noise floor.

(An additional note for specialists only: you should reduce the used simulation time by one timestep. Otherwise
you are already starting a new period which will not be complete. But this error is only noticeable for very “coarse
time steps” or for a very small number of periods).

Necessary properties of the maximum time step:

a) Do not make it too coarse. This avoids ,corners in the simulated time domain signal.

b) The related ,minimum sample frequency = 1 / maximum time step“ must have a minimum
frequency value twice of the maximum frequency line in the simulated signal. Otherwise the ,Nyquist -
Shannon — Law" is violated and you get undesired aliasing effects.

c) The maximum frequency AND the dynamic range of a FFT are increased by the number of used

samples in the FFT. But: these samples must be true and you must not use more samples for the FFT
than you get from the time domain simulation. The number of samples can easily be calculated by

True number of samples = simulation time / maximum time step

LTspice uses data compression for the results file of the time domain simulation. This is undesirable because it
looses informations and also a lot of the mentioned ,true samples*.
So switch off the data compression by the following Spice directive:

.options plotwinsize=0

For a FFT the number of used samples must always be a multiple of ,2“.

No problem because LTspice will always default to those in the choice menu.

Note::

More ,,true“ samples give a higher stop frequency AND an extended amplitude range in the simulated
spectrum. But the necessary calculation time AND the resultant data file also increases.

For specialists only.

Because only the maximum time step is fixed, the sample rate applied by SPICE can vary or be increased
automatically when simulating “the difficult parts of a curve”. But this cannot be forseen, equates to an additional
FM and causes additional but unexpected spectral lines and an increased “noise floor” at high frequencies.

This effect can be reduced by choosing the minimum sample rate as high as possible (= maximum time step as
low as possible) and choosing as less samples for the FFT as possible.
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Example:
Let us use the RC-LPF of the last chapter (R =10kQ / C = 10nF). The input is fed by a symmetric square wave
voltage (minimum amplitude value = 0V , maximum amplitude value = 1V, frequency = 1kHz).

If we use a simulation time of 20ms with a maximum time step of 100ns we meet the above recommendations as
follows:

a) The simulation time of 20ms is an integer multiple of the signal’s period time (1ms).

b) A maximum time step of 100ns is corresponding to a minimum sample frequency of 1/100ns = 10MHz.
This gives a Shannon corner frequency of 0.5 x sample frequency = 5MHz.

c) The number of true samples is 20ms / 100ns = 200 000. So we enter

,131 072 sampled data points in time“

in the FFT menu.

Now draw the circuit, set the properties of the voltage source, choose simulation time and time step and write the
directive to switch off the data compression.

The time domain simulation result (= input and the output voltage) should be presented in two plot panes.
Also “thick lines” are used for the curves (= button with the hammer / menu “waveforms”).

=l8lx|

Fle Edit Herarchy Yiew Simuate Iooks window Help
|BEEEF0 0o Bl BB +2EM OS2 L@+3YDY0D @il
4 RC_LPF_01.65 | o AC_LPF_0.1aw |

C_LPF_D1.raw ] 3}
| v V({n001)

0.8
0.6
0.4v
0.2v- L
0.0v

1.0V
0.8V
0.6V-
0. 4y-
0.2V
0.0V

e o e . o o i\
gl
Data R1
Compression -~ .options plotwinsize=0
OFF
c1
PULSE(0 1 0 1ns 1ns 500us 1ms) 10k |0
tran 0 20ms 0 100n 10nF
N <~
olmulation fime NMaximum lime btep 1

o/ start| | (7 LTspice I¥ - RC_LPF_O...

2 % O WA oot

Eve Diagram r |

Now right click on
the input voltage
and choose “View”
and “FFT”

E Errar Log
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Select Waveforms to include in FFT |
MOTE: Fourier components are normalized to oK
gezpond to the time domain RS amplitude. -

Ctil-Click to toggle Cancel |

we enter a

samples in time”

Mumber of data point samples i time:

and start the FFT.

r— Time range to include

Start Time: [0 ¢ Use Extent M stion Data

£ s vk memee B okt

This is the successful result:

50Hz =1/ 20ms.

samples.

which says:

In a symmetric square wave you can only find the fundamental frequency and its odd harmonics.

The amplitudes of the harmonics decrease exactly with their order:

iaiE
e vew Butsats gmimin o Wnde b =181 x|
SR BOQR(EUBRY LRl A& /L0 =2 v ]

£ s B0 B e

Fundamental frequency
f=1kHz
RMS value = 450mV

f=3 x1kHz = 3kHz
RMS value = 450mV /3
=150mV

f=5x 1kHz = 5kHz
RMS value = 450mV / 5
=90mV

f=7x1kHz = TkHz
RMS value = 450mV /7
= 64mV

El«ErHemyezNg ox

Note:

If anybody is additionally interested in the phase information: click on the scaling of the right vertical

diagram axis and press “Phase” in the menu.

Select Input Voltage V(n001) by a mouseclick

“number of 131 072 data point

Start frequency = frequency resolution =

Now change the diagram to linear vertical and
horizontal result presentation to confirm theory

/1] As discussed we have 200 000 real samples of this curve. So

The stop frequency is 3.3MHz and can only
be increased by using a higher number of
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6. Project 2: Rectifiers
6.1. Simple Rectifier without Transformer

No problem: draw a circuit consisting of a Voltage Source, a diode and a resistor (1k). Now apply a sine wave (50
Hz / peak value = 325 V) to the input and simulate from 0 to 100ms.

Linear Technalogy LT spice; SwRcherCAD 11 - DraftZ.asc
B B My Yew Sede fock Wrdow bk

EEICIERERI

VAR ED BB I RRN A8 LW 3OO0 A

METE|

£ Onoitene | b2 Duaizam|

/ Output Voltage

\ Input Voltage

=
@I
= =K
\-\T/" '\"/'
SINE(0 325 50)
.tran 100ms

Chekitn maruanly erber Horontal Axts Linits

5t | BT Seatebercin Erghih....| i, pae Shen pre

|27 Lieese Technology LT

Task:

Add a parallel capacitor of 100 Mikrofarad to the output.
Show also the diode current (by moving the cursor over the diode’s symbol to change the cursor into a

current sensor).

"ok O&S W o

Solution:
LI
(Ele Edt Herarchy Vew Smuste Tools Window Help
(P P F R0 Rl BRE RN 88 L0 xS0 DD Aoy
A einpuls,O.asc | §2 einpuls_01 raw | .
Wl=fS) empulsotasc El=lEs

20ms

40ms

Diode Current

V[n002)

W"M\\'%\\wh\\-_\\r\\

Output Voltage

Input Voltage V1

60ms 80ms 100ms 120ms 140ms 160ms 180ms

200ms]

D1
C1

1k goow

SINE(0 325 50)
.fran 200ms

4 start| B LTspice_d_e2.doc-Mict... ||£F LTspice I¥ - einpuls_o... 88 Pant shop Pro

1
Bl«rHO9L @SB N no
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6.2. Important: creating SPICE Model and Symbol for a Transformer

6.2.1. The easiest Solution: a simple ideal Transformer
Sorry, but in the LTSpice part library you can’t find any transformer! So let us start with a simple but good solution
found in the original SPICE manual:

Place the necessary windings (with their Inductances) in the schematic and add a SPICE Directive for the
magnetic coupling “kn” between these windings!

Example for a two winding transformer and voltage transfer ratio
=1:1

L1( © L2( ©
1mH 1mH

a) Place “Ind2” from the symbol library two times on the screen,
because only at this symbol the start of the winding procedure is
marked by a circle.

b) The line “k1 L1 L2 1” says that the magnetic coupling factor
between the windings L1 and L2 is “1” = 100%.

k1 L1 L2 1

c) Attention: It is not possible to enter a given voltage transfer ratio “(N1/ N2)” into
PSPICE!!

The reason is not complicated: PSPICE works always and only with parts and their properties (here: inductances
and magnetic coupling factor). So we must use the inductances and the following relation:

2
I‘Primary _ (M\J
LSecondary N2
So choose a realistic value for L1 and then calculate L2 by using this formula.

6.2.2. Creation of the SPICE Model for a real Two Windings Transformer
We use the following transformer model for our work, which includes the ,magnetic coupling“ between the primary

and secondary winding, the flux leakage inductances, the winding capacitances and the copper resistors of the
windings.

Node 1 and 2 are the

magnetic X -
coupling Factor primary winding
connections, node 3
"k and 4 the connections

secondary [lux
leakage inducktance

primary flux
leakage induckonce

primory J_ primary

— | ©,
secondary secondary

winding main main winding
cnpncitﬂnce lnductﬂﬁcg lﬁductﬂnce cnpncil‘_nnce
—
— ©
primary secondary

copper resisktance copper resisktance

for the secondary
winding of the model
for the simulation.
For the “inner nodes”
you should choose
much higher numbers
to avoid collisions
when “blowing up the
circuit diagram” with
more windings ore
parts.
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Now have a look at the following SPICE — Model, using the subcircuit ,,xformer_01“ with its connections
1/2/31/4:

(Lleak is the name for the flux leakage inductances which represent the part of the flux who does not run
through both main inductances leaded by the magnetic core of the transformer. All other circuit elements
correspond to the above diagram):

* ok Ok k kX Ok
—

I
2~ Il [

.SUBCKT xformer_01 1 2 3 4

** Primary

Lleak1 1 20 1mH
Lpri1 20 21 1H
Rpri1 21 2 1
Cpri1 1 2 20pF

* *Secondary

Lleak3 3 22  1mH
Lsec1 22 23 1H
Rsec1 23 4 1
Csec1 3 4 20pF

K Lpri1 Lsec1t  0.999
.ENDS

Explanation:
Every line starts with the name of the part, followed by the numbers of the nodes between this part is inserted in
the circuit. And at last you find the parts value.

In praxis the magnetic coupling is always below ,1“ (due to the flux leakage). So always insert a value smaller
than 1 (here: k = 0.999). Some SPICE versions start a protest action if you don’t follow this advice.

Primary and secondary winding use the same number of turns. So you have to enter the same inductance value
to get a 1:1 - transformer.

Note:
The description of the circuit starts always with .SUBCKT ............... and ends with .ENDS

Very important:
a) The finished model is named ~ Xformer_01.lib  an should be saved in the folder

Programs / LTC / LTspicelV / lib / sub

where all other LTC-SPICE-models are already located. Please pay attention to the correct path and the correct
extension when saving this file......

b) It is impossible to enter the turn ratio! The only possibility is to enter different primary and secondary main
inductances and we’ll handle this in the next project.
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6.2.2. Creation of the Symbol for a Two Windings Transformer

Step 1:

Open ,File* and click on ,New Symbol“. Now you see an empty screen with “cross and circle” in its center.

Capture Points
of the Symbol

Symbol
Center

Pin/Port "~nperties

the same

number?
Cancel |

[ Vertica

Offset: IB 3:

Step 4:

Step 2:

Open ,DRAW*, choose ,Rect” (= rectangle) and draw it with the
dimensions 20mm x 20mm around the symbol’s center point
(...as a help: You find a fine point grid with 5mm distance on the
screen).

(The red circles at two corners of the rectangle are ,capture
points” for the user when placing this symbol in a circuit).

Step 3:

Go to ,Edit* and ,Add Pin / Port" to generate the connection
points. But in the menu you have at every connection point not only
to enter the pin Number BUT ALSO the relative position between
this point and the Point’s Label.

And always examine carefully whether the point’s label and
netlist order are identical!

Then click OK and you have the pin at your cursor. Now you can
place it in a distance of 5mm from the symbol (See next figure).

[e— - e—o] Generate all 4 Pins and afterwards open once more ,DRAW* to connect the

pins to the symbol by wires.
$ So the terminated symbol should look like.

Il Symbol Attribute Editor | Step 5:

Symbal Type: IEIock ’I

Thiz determines the type of a circuit element, e.g., R, C,

or L
Prefiz = [

attribute walue
Spicetdodel whormer_07.1ib
Walue 2_wind_<FFiM
Walues wharmer_071
Spiceline
Spiceline2
Description
M odelFile

Let us complete the real transformer for the simulation. Please
open ,EDIT / Attributes / Edit Attributes” to arrive at this menu.

Now enter all entries as given in the figure.
(Remark: Prefix ,,X“ means a subcircuit).

Warning:

The line for ,,Value2“ MUST NEVER BE EMPTY ---
otherwise you can get a cryptic error message!
Normally use the same entry as in the line for the
spice model, but without extension.
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2_wind_ XFRM

Step 6:
1 3 At last make visible all important informations for the user.
i Start with ,Edit" and ,Attributes”, but now choose ,Attribut
[e—¢ —fo] Window*. When clicking on ,value®, then you get the description
Y +2_wind_XFRM* at your cursor and you can place it over the
i symbol.
E—T o—fo| Then repeat the procedure but now choose ,SpiceModel* =
2 _ 4 xformer_01.lib and place it below the symbol. The work is done!

xformer_01.lib

Step 7:

Save the complete symbol.

Open ,File“ and ,Save as“ and the correct path starting at ,,SwCADIII* and ,,lib“ just down to the folder ,,sym*“
(= symbols). There create a new folder named ,,Xformers* and save this new part as ,,xformer_01.asy".

6.3. One Pulse Rectifier with Transformer
Now let us test a circuit with line transformer, one pulse-rectifier and output capacitor.

Task:

Test a power supply consisting of a line transformer, rectifier, load resistor R1 = 1kQ and load capacitor
C1 =100pF. Line input voltage is 230Vrms / 50 Hz, the turn ratio of the transformer is 20:1. Simulate in the
time domain from 0...200ms.

e z <=4 Solution:
Be W T f e e e Ol EA¥ iP N AO8 L+ ITDDO ) Mostofthe necessary partS are
- already known from the last
2_wmd_XFRM example. Fetch and place them,
1 3 D1 wire and enter the correct part
Vi ] I~ values including the properties of
ZEIER L~ !‘> R1 C1 the voltage source and add the
) = D < — command for the simulation from 0

to 200ms in the time domain.

( ) i . >
T Xf?rmer_(” dib But now we need the line

< 7 transformer of the last chapter.
Fetch and place the part.

SINE(0 325 50)

Then we look for the necessary
transformer property entries.
.tran 200m
t u.-::...;.:.‘-......*.— Lt L] | Biractorcio st e | O v s | - JIFCE=LY_F

You cannot enter the turn ratio N1/N2 in a direct form, so you need the following equation for the inductances:
2
I'primary _ {&J
Lsecondary N2

Let us apply a value of 1Henry for the primary main inductance (....ideal transformer...) and calculate the
secondary main inductance for a turn ratio of 20:1 in the following manner:

L.,
——ermey _ TH 5 5
(20)* 400

secondary
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¥ [1 ==
i ] J I I . [3] For an ideal transformer you can reduce the values for
N D¢ the flux leakage inductances, the copper resistors and
E (2] ___? I I F___ [4] the winding capacitances.

But always you must never set them to zero”......
,SUBCKT xformer 01 1 2 3 4 Especially a resistor of zero
¥ Primary Ohms in series to an inductance
Lleakl 1 20 1uH causes in a “normal SPICE
Lpril 20 71 1H é -
Rpril 21 2 1 version” at once an error

Cpril 1 2 1pF . .
a " message or a simulation abort!
* secondary

Ll1eaks 3 55 1 UH So this model file of the transformer is a good template

é for your work. Open the ,xformer_01.lib“ — File, change
Lzecl 22 23 2. 5mH -

Rzecl 23 4 1 the entries and save it.

Csecl 3 4 1pF

K Lpril Lsecl 0. 9599

.ENDS

Now the simulation runs and here you have the result screen with the voltages at the left and the right side of the
diode:

FéjLinear Technology LTspice /SwitcherCAD 11 - einpuls_02.asc 1=
Ele Edt Herarchy Wew Smulate Tools Window Help

|B@ B %0 a0on e Rt Renad l+0s43 ¥08050 R0

4, einpuls_02.552 | 1 einpuls_02.ra |

V¥[n003]

einpuls_02.asc =10l x|
2_wind_XFRM
1 3

1k
xformer_01|lib ;t"o“':

SINE(0 325 50)

oL/

.tran 200m
= 165.84ms v = 19,29V [ ]
& Start] W wformer_01.lib - Editor o sformer 01 lib - Ecitor | A7 tinear Technology LT... B]LT-SwitcherCAD_01.doc . ] 8 Pairt Shop Pro - [Bid_60.. M|« ® W 1352
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6.4. Rectifier with Diode 1N4007

We want to use the well known universal line rectifier diode 1N4007 instead of the ideal diode.
Sorry; but the SPICE-model of this type cannot be found in the LTC-library...
So let us tackle the import of foreign models (from the WEB.....).

Step 1:

Use Google and look for diode.lib
(This is an ORCAD-library with a lot of rectifiers).

But be carefully:

So mark the content by <STRG> + <a>, copy to the clipboard by <STRG> + <c> and insert it into a new file of a
text editor (like Notepad).

Now save this file as ,diode.lib“ in the folder

LTC / LTspicelV / lib / sub

(But pay attention to get the correct extension ,*.lib“ by choosing the type “all files”. Otherwise the editor will add
a further extension “*.txt” and the library cannot be found by our program...)

Step 2:

w4

\.ur;mde'l DLu4004 ako:Dln4001 DCBw=600) : U582 Now open ,diode.lib“ with the text editor and
. _ . search for ,1N4007“. You will then recognize

;r%mde'l DLM4005 ako:DlmMd 00l DEBEV=2000 P USE 4t the correct diode model name is

Jmode]l DAN4006 ako:plnd400l DlBw=1Z200) ;o Use D1N4007

w§

.r;u:ude'l DLW 007 ako:DlMd 001 DEBEY=15000 7 Use

™

Jmode]l DIN400S DEIs=544.7E-21 M=l Rz=.1 Ikf=

+$ V]=.75 Fc=.5 Isr=30.77n Nr=2

'b'-r

Step 3:
Enk Yalue for D1 x
x| Move the cursor on the letter ,D* at the symbol of
Tugiliesifam the diode and right click with your mouse.
|TC'F' j Then enter the new correct value ,D1N4007“ and
Cancel close by pressing OK.
[T Wertical Test _l yp 9
v

Step 4:
Enable the program to find out the correction location of this D1N4007 model and add the following Spice
directive on the screen:

.include diode.lib
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Step 5: self-explainig....

FjLinear Technology LTspice /SwitcherCAD III - einpuls_02.asc _18( x|
Fie Edt Hirarchy View Smulste Tools Window Help

B A T £ (@0OR B DRE 5 RPN OB LoD} IDDHOD o |

A, enpuls_ 2.3 | §2 cinpuls 021w

V[n002)

einpuls_02.asc =10Of=|
2_wind_XFRM
1 3

D1
[~
L

R1J;C 1

SINE(0 325 50) D1N4007
1k | 100pF
.include diode.lib

.tran 200m xformer_01.lib

d'StartJ ] LT-SwitcherCAD_01,doc | B3 Paint shap Pra l I3 sub I 47 Linear Technology LT... | 4 dinds.lib - Editor i‘« LN )
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6.5. Two Pulse Rectifier with real Transformer

Here we need at first something new: a line transformer with 2 secondary windings.

o Step 1:

> I I '('" (3] We open our well-known file ,xformer_01.lib“ to modify it.
o 1] ---. || ¢ Let the turn ratio be again 20:1 and add an additional

“‘ 20— 4] secondary winding, also with 2.5mH. Write the necessary
: [2] ___) I I (‘" (5] lines in your file (...they are a simple copy of secondary

" Tk winding 1, but be aware of the node names...)

" [ .---[&]

H

Reduce the flux leakage inductances and the copper
resistors to get an ideal transformer, but don’t set them to
zero.

LSUBCKT xformer_02 1 2 3 4 5 6

- Please do not forget:

S
. Frmary No we have 3 windings which are magnetally coupled.
Lleakl 1 20 1uH You have to enter a new coupling information

Lpril 20 21 1H

Rpril 21 2 1 .

cpril 1 2 1p K Lpri1 Lsec1 Lsec2 0.999

# secondary 1

L

LT1eaks 3 22 1uH At last save the file as ,xformer_02.lib“ in the “sub®-
Lsecl 22 23 2. 5mH i -

ey : g é folder of the library.

Csecl 3 4 1p

% secondary 2

L

Lleaks 5§ 24 1uH

Lsec2 24 25 2.5mH o —

Rsec? 25| 6 1

Csac’ g 5] 1p

K !LEI“'I:L | sac] [ sec) [AEEE |
. EM

Step 2:

3 Wi n d x FRM Also a new symbol is necessary and must be created -- see

3 Chapter 6.2.2.

1 But do not forget:
ot f; 4 Warning:
The line for Value2 MUSS NEVER BE
o —] 5 EMPTY....otherwise you can get a cryptic
2 I error message and / or a simulation
6 abort...

xformer_02.lib

Step 3:
Draw the circuit using the new transformer and two diodes of the 1N4007-type. Then simulate and compare the
result with the following page:
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FgjLinear Technology LTspi itcherCAD ITI - zweipuls.asc
File Edit Hierarchy Wiew Simulate Tools ‘Window Help

BeE | E| 5 F SQCARIEL BB RN HOHE LB 3 XDHOD An op

4, zveipub.asc |1 zweipuls aw|

zwelpuls.asc

_ D1
3_wind_XFRM
1 D1N4007
4
] C
SINE(0 225 50) H R
02 1k | 100pF
.include diode.lib
tran 200m xformer_02.lip D1N4007

#)start| [ L7 Linear Technology LT... | 89, Paint Shop Pro | &) LT-switchercan a1 dac ... | B LT-switchercaD fertig.d... | «®Ldl
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7. Project 3: Three Phase AC System
7.1. Schematic and Simulation

2 wind_XFRM
1 3

S e
xformer_01.lib

2 wind_XFRM
1 3

ooty
xformer_01.lib

2 wind_XFRM
1 3

L oty v
xformer 01.lib

We need 3 voltage sources, 3
transformers and 3 load resistors
to review this technique.

R1 For the transformers we will use
1k our well-known file
»xformer_01.lib,
but in this case choose
identical main
inductances on the
primary and secondary
side to get a turns ratio of
R2 1:1
1k
Fetch all these parts from the
library and draw the circuit
diagram.
R3
1k

Independent ¥oltage Source - ¥2

— Functiaons

= [none)

" PULSEMT W2 Tdelay Trige Tiall Ton Period Mopcles]
% SIME[Waoffset Wamp Fraq Td Theta Phi Meycles)
 EXPRT Y2 Td1 Taul Td2 Tau2)

™ SFFM[off Yamp Foar MO Faig)

Pl w1 12 w2 )

-

Pl FILE: | Browsze |

DC offzet]]: IEI
Amplitude]: |325
willm I

Tdelav[z]: |6.BEEEGM:

Theta[1/z]: |0

Phi[deq]: IEI
Meoycles: I

Then move the cursor over the symbol of
every voltage source and right click. All
entries for the 3 sources are identical
(except one....):

DC offset = 0 Volt

Amplitude = 325 V (peak value for
RMS = 230V)

Frequency = 50 Hz

Phi = 0 degrees (start phase of the sine
curve)

Important:

The 3 voltages have the same amplitude
and the same frequency, but differ in the
phase shifts. We cannot enter the
necessary phase difference of 120
degrees in the property menu -- so
simply enter different start delays:

for V1 the delay time is Oms

for V2 the delay time is 6,66666 ms
(see figure)

for V3 the delay time is 13,33333ms
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When simulating for 200ms, you will get the following result:

=l x|

B g Hechy yew Smime Twk e ek
B T F E B E ER% P MO8 LML I RDODOD il

£ diws e dbaeen s |

A
smszmmesn (5 Lt P
L L 3

3—¢
S e piBb

) Stont| [ 7 Uinear Technology LT, BLT-Seaiterca 01 dox .. | 88, Bowe Shop bro | B e 0™ ks

7.2. Rectifier Bridge for Three Phase AC Systems (e. g. Dynamo in a modern

Car or Motorcycle)
Save this circuit in a new project folder and give it an appropriate name. Then modify the circuit by adding 6
diodes (1N4007). Delete two of the three resistors and wire the circuit as shown:

FéjLinear Technology L Tspice /SwitcherCAD III - [drehstrom_bruecke.asc] 18] x|
4, Fle Edt Herarchy ¥ew Simulste Tooks Window Help _|=] x|

[P Es 0 acar Bl BRay| ibEna8|iy®Ds+ i xpP 0D Qiridy

2_wind_XFRM
1 3 D1
SINE(0 325 50 0 0 0) [

L1
D1N4007

& et
xformer_01.lib D4
(A

]
D1N4007

2_wind_XFRM

SINE(0 325 50 6.66666ms 0 0) 1 3 %

2]
D1N4007 R1

2 4 1k
%7 xformer_01.lib ﬁ

1wsl
D1N4007

2_wind_XFRM

1 3 D3
SINE(0 325 50 13.33333ms 0 0) ]

17
D1N4007

%7 i : o
-tran 0 200ms 0 xformer_01.lib L1

.include diode.lib D1 HOOT

Ready

[
i start| [ 27 Uinear Technology LT B8] LT SwitcherCAD_0L.dac ... | B8, Paint Shap Pro B[«T 2™ oz

If you now simulate, you will get the following result for the input voltage V1 and the output voltage at R1:
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F#jLinear Technology LTs; II - drehstrom_bruecke.asc

18]
file Edt Herarchy dew Simuate Tooks Window Help
A= Ed T F QO AR B Eadw s+ B2EM OB xH000 An oF
4 dishetiom_bruscke.asc | $2¢ crehstiom_bruecke.raw | |
T =101 x|
V(n003)

Output
Voltage

Input
Voltage V1

drehstrom_bruecke.asc

2_wind_#FRM
SINE(D 325 50 0 0 0) i

2 4
xformer_01lib

D HdD07.

2_wind_#FRM
1 3

SINE(D 325 30 6.66666me 0 0] I

LY
D1HA007
[}

2 4
xformer_01 Jib

D1Han07
2_wind_tFRM
1 3 03
SINE(0 325 50 13 33833ms 0 0] 5l
D1H4D07

tram 0 200ms O Dg

2 a
sormer_01.1ib

include diode lib

D HAD07.

¢

Ready

i start| | £F Linear Technology LT... LT-SwitcherCAD_01.dac ... \ 88 Paint Shop Pro

« %L @M o705
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8. Project 4: V-I-Curves of Parts

8.1. Resistor
A resistor is the best object to make visible the V-I curve of a part.

So open a new project and draw the schematic.

—W
(r""/—i_x‘\“\\
| |

I\‘>
<"/ R1

=

\‘\5___/ 4 c(:/ 1 k corner of the menu “0”
o

Transient | AC Analysis ROC sweep [Woie I DC Transfer | DC op pnt

Compute the DC operatin® i Circuit while stepping independent sources and
treating capacitances as open circuits and inductances as short circuits.

st Source | 2nd Sourcel 3rd Source

Mame of 13t Source to Sweeplli/1

LTspice IV - Draltias:
Bie £ Heorchy Yew Smige Qoo Wredew beb

B 5 F e R(E

ER% i Ph S LI ZDN0D £ s oy

For the resistor R1 choose a value of 1kQ.

Then open the property menu of the voltage source (by a right
mouseclick on the “+”-sign in the symbol) and enter in the right upper

(= Zero Volts) as DC-Value.

Check the schematic for its correctness.

In the simulation menu open

»Edit Simulation Command*“

and fill in the following DC-Sweep-entries for
the voltage source V1:

Start Value = 0 Volts
Stop Value = 10 Volts
Increment=  1Volt

Linear Sweep

Please check the so generated simulation

command ,,.dc V1 0 10V 1V “ inthe

lower part of the window.

ali x|

[ cranizane [ ovatzsaw|

=TT || Sovattzrom

e
N — 1k
0
i \/// /’/

.dc V1010V 1V

diseant| [ 7 LTspice 1V - Draltzasc | 89, Fore Stop o | ) er aatibercan fertiga..

| Then close with OK
and start the
simulation.

Move the cursor

to the upper
connection of the
resistor R1.

When the cursor
suddenly looks like a
“current sensor”: left
click and you get this
screen.

- ER S L L UL LRS- )
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8.2. Diode

This is now a very simple exercise:

First save the project under a new name. Then delete the resistor (key F5) and replace it by a diode (= part
,diode" in the Library).
At last modify the simulation command to

dec V1 550mV 750mV 10mV

Now the voltage range is 550mV to 750mV with an increment of 10mV. This is the optimum for a silicon diode.

Fle Edt Herarchy Yiew Simulsts Tooks Window Help

=15l
P E R F Rl HRE $DEN aE L0 5 3 XDOD O o) dap
. Diode_01.55¢ | #27 Diode_01.am|

Dinde_01.asc

=10]x]

.dc V1 550mV 750mV 10mV

Ready

550mY 570mY 590mvy
A start| | £F | Tspice ¥ - Diode_01... 83 Paint Shop Pro

610mY 630mY 650mY 670mY 690mY 710mY 730mY 750m

] ] LT-SwitcherCAD_fertig.d. .

I
@« mem ol o
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8.3. NPN Transistor

In the ,example” folder of the program you will find a very nice example ,curvetrace.asc” for this purpose:

L Tspiur TV - [ourvetr e | =18
I Bl [ Hecarchy ven Gewate Took window bel =81 x
EaN I B0 an = BR% ioM A8 LL+t@ 3 w00 ™ £ An op

.dc V1 0 1510m 11 0 100u 10u

This example schematic is supplied for informational/educational purposes only.

Right chck o rst labal.
i start| B LT-SecharCAD Fartid.., || £F LTspice TV - [oarvetra.. - ER LA
You can see:

a) A DC voltage source V1 is connected to the collector of the transistor. The voltage start value is “0”.
b) A current source I1 with start value ,0“ feeds the base of the transistor.

The simulation command

de VI 0 1510mV 1 0 100u 10u

means:

Increment voltage V1 from 0 Volts to +15 Volts in steps of 10mV. Use this voltage for the horizontal axis in
the waveform viewer .

Then apply a base current between 0 and 100 Microamperes (incremented by steps of 10 Microamperes)
and write the simulated curves into the waveform viewer.

i8] x
Dle X Ferarchy Yew Fmdste Jook Window el
P& d 5 F L= = Ea% P o0& 24P+ 3000 s oy
[ nunce e [ cmacniom]
=B | | Scurvetrace.ss
Move the cursor
to the collector of
transistor Q1.
I When the cursor
o Y suddenly looks like a
n - 2N2222 \_/-’ “ ”
O 0. current sensor”, left
L, | . . .
i AL click and you will get this
goviossomnonouros | screen.
This example schematic is only.
) Stat] )17 el S s | 7 e 4 ot 8 Pt S 015, PO
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If you are interested in the relation between collector current and base voltage, then you need this schematic

FijLTspice I¥ - curvetrace.asc

Fle Edt Herarchy Wew Simulste Took Window Help

=1l x]

EE I N = A e

4 curvehiace asc | 14 curvehisoe aw |

curvetrace.asc

=1o]x|

Ie[Q1)

.dc V1015 10m V2 650mV 750mV 10mV

This example schematic is supplied for informational/ed

ional purposes only.

=73 y=-155mh

& 'StartJ @ LT-SwitcherCAD_Fertig.d... J LF LTspice IV - curvetrac... Q Paint Shop Pro

B3| |« =t 09:55

a) Replace the base current source with a voltage source. Start value is “0”.

b) Modify the simulation command to:

dc V10 15V 10mV V2 650mV 750mV 10mV

The voltage source V1 stays the same. The base voltage V2 is stepped from 650mV to 750mV by increments of
10mV.

That is all. See the result in the waveform viewer on the top right of this page....

50



8.4. N-Channel Junction FET

First we have to replace the NPNTransistor of the last example by the FET (= part ,njf in the part library of the
program). To show the example to its best we will use the well known

BF245B

First search on the internet with the Google entry

bf245b spice model

Copy the content of the result to the clipboard and then into a new editor sheet. Save this sheet as

BF245B.mod

in the folder ,,sub* of the program’s part library.

And then do the following:

FEiLTspice I¥ - NFET_01.asc

=l x]
(bl Edt Herarchy Vew Smulte Teok Window belp
(BE R T F R BRI BRE IREM A L DD D O e
4, NFET_01 aso ;i:: NFET_O1 raw |
EEE

ld[J1])

J1 Vi
Jr
V2 BF245B
0.
0
N S

.deV101510m V2 -5 0 100mV
.include BF245B.mod

Ready

|
i start| 1] LT-SwkcherCAD Fertin.d... |[ £ LTspice 1v - NFET_01... (& Moaila Firefox | 3 pr245B.mod - Edeor | B« 0

First select the N-Channel Junction FET symbol from the library (= ,njf‘) and place it on the schematic. Then right

click on the model description ,NJF*“ beside the symbol. Change it to BF245B and finally add a SPICE directive to
the schematic:

.include BF245B.mod

Now the software will use the downloaded BF245B model for the simulation.

Lastly the gate voltage range must be altered. For a normal junction FET it is the best to use a range from

-5V to 0V in Steps of 100mV

The simulation should now run without any problems.
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9. Project 5: Transistor circuits
9.1. One Stage Amplifier

9.1.1. Time Domain Simulation

LV L]
4

v
R1 R4
We need a power
100k 470 supply, a sine
12‘, voltage source,
one capacitor, four

resistors and an
C 1 npn-transistor.

Q1 Let’s start!

+
i
Vi 10pF QBC547B
R2 R3
SINE(0 100m 1k) 22k 100

tran 10m
.include BC547B.lib

Procedure:

Step1:
Place 4 resistors, 1 capacitor, 2 voltage sources, 1 npn-transistor and wire.

Step 2:

Enter the correct values for the resistors and the capacitor.

In the upper voltage source V2 choose ,DC* with an amplitude of +12V.

The lower voltage source V1 must be programmed as a sine wave with Vpeak = 100mV and 1kHz.

Step 3:
Simulate from 0 to 10ms.

Step 4:

Start the search engine and look for BC547B.lib“ on the internet. The content of the found html-file must be
marked, copied to the clipboard and inserted into a new sheet of a text editor. Save the file as ,BC547B.lib“ in the
folder

LTC / LTspicelV / lib / sub

Step 5:
Move the cursor to the information ,NPN* beside the transistor’s symbol, click right and enter the correct
information ,,QBC547B" (...because this is the same as the name of the Transistor's model file in “BC547.lib”) and

add the spice directive .include BC547.B to your schematic.
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In the simulation we would like to see the input voltage, the base and the collector voltage of the transistor.
Please verify the phase shift of 180 degrees caused by the transistor.
Also we can test the “ predicted gain” for such a stage, given by the simple equation

VU=RC/RE=470/100=4,7

(to check this please measure the amplitude of the output voltage and calculate the ratio with the input voltage’s
amplitude of 100mV).

F&jLinear Technology LTspice/SwitcherCAD III - Draft1.asc =12 x|
file Edit Herarchy ¥ew Simulate ook window Help
(BB F0|acarBl BT el A8l -0 +3 YD 0D Gy
4 Drsitl.aso | Drait.ran |
-0l x|

¥[n003)

Input Voltage

of source V1 Base Voltage Collector Voltage

tran 10m
.include BC547B.lib
Ready
#/start| | £F Linear Technology LT... B LT-SwitcherCAD_D1,doc | 88 Paint shop Pro ) Mozila Firefox | 53 Philips_Spice ') BC5478.lib - Editor « B0 @ M 09:02
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9.1.2. Frequency Domain Simulation (“AC Sweep”)

I
=

Small signal AL analysiz AC)
T Step 1:
AC Amplitude: |1
PSS Change the properties of voltage source V1 to “AC-Sweep”
AC Phase: |0 by entering the values “1” for the AC Amplitude and “0” for
the AC Phase.

J take this information visible on schematic: v

Parasitic Properties Make the information visible on the schematic.

Senes Resistance[2]:
Edit Simulation Command

Transient AC Analysis IDE sweep] Moise ] DC Transfer] DC
Step 2:

. i o Open ,Simulate“ and ,Edit Simulation Command* to get

Compute the small sighal AC behavior of the circuit inearized abo this menu. In .AC Analysis“ please enter the values fora

iri.
pe decade sweep with 101 points per decade from 1 Hz to

200MHz.
Tvpe of Sweep: |Decade hd
Murmber of points per decade:  |101
Start Frequency: |1
Stop Frequency:  |200MEG
Spntaw: .ac <oct, dec, liny <Mpoints> <StartFreq: <EndFreg:
.ac dec 101 1 200MEG
————| —— So the simulation result should look like this:
FéjLinear Technology LTspice/SwitcherCAD III - gain_0)1.asc =18 =]
File Edit Hierarchy View Simulate Tools WWindow Help
Izl = NS QOQR|IBIUHBRH| {BDEMRA OSB3I ¥xDUOD Aa op

£, gan 01 asc | 2 gain 07 asc |

100KHz 100MHz
gain_01.asc =101 x|
V2
R4
+12V 470

Cc1 o1

QBC5478

V1 10pF
INEQ

100
AC10

.ac dec 101 1 200MEG
.include BC547B.lib

Click ko plot ¥{NODZ).

i#/start| [ 27 Unear Technology LT... 18] LT-SwitcherCAD_01.doc ... | ¥, Paint Shaa Pro « B (4D M 1938
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9.2. Two Stage Broadband Amplifier with Feedback
9.2.1. Task

Design a gainblock for a 75Q communication system with the following specifications:

a) Input and output resistance are both 75Q. So a lot of 75Q blocks can be connected in series using the
RG59 cable type.

b) The gain should be 6dB when loading the output by 75Q.

c) Use a power supply with +12V DC.

d) The gain must be constant in the frequency range from 1kHz to 10MHz.
e) Use an npn and a pnp transistor (BC547B and BC557B) with feedback.

f)  Use a trimmer resistor in the base circuit of the first transistor to compensate all part tolerances.

9.2.2. Circuit Diagram for Simulation

F§jLinear Technology LTspice/SwitcherCAD I1I - [broadband_amp_01.asc]

Draw this circuit and take note:
The values of the resistors R1 and R2 must always be written as

14.8k and 2.2k

Never write 14,8k or 2,2k -- you will get wrong results without any warnings!!
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The npn transistor BC557B is not included in the LT’s library, so you need the internet again. When youhave
found the model file, copy it into an editor’s new file (do you remember? You receive a HTML file) and save it in
the library folder.

Note: When you have found the model files the transistors are named QBC547B and QBC557B. Use these
names in the spice directive and in the schematic.

The input voltage is a sine wave with a peak value of 100mV and a frequency of 1kHz. Simulation time is 0....10
Milliseconds.

13
Something new is the command 4, .Op

With this command you get information about the DC-values in the circuit (= ,DC operating point). The
information is presented in form of a list.

The test points in the schematic are the voltage source V1 and the termination resistor R9 (75Q) at the output.

9.2.3. Time Domain Simulation

F&jLinear Technology LTspice /SwitcherCAD 111 - broadband_amp_01.asc -] x]

File Edit Hierarchy Wiew Smate Tools Window Help

| @ EH T FnH e QB ERE 2PN A8 S0 +s3 DO D Cimeidr

4, broadband_amp 07 asc ]& broadband_amp_01.raw |

Vin004)

S Output Voltage

broadband_amp_01.asc i - |of

SINE( 100m 1k]

R7
op 10pF
Aran 10ms.
Adnclude BES4TE b 75
include BCESTE.ib
|

i start| | £F Linear Technology LT... B8] LT-SwitcherCAD 01 doc l &8, Paint Shop Pro - Bild_78.4F | (& Mozila Firefox "} BCSS78.lib - Editor ] |:'« B A9 MW o

As required the output voltage’s peak value is twice that of the input voltage and that gives a gain of 6 dB......
Two common emitter stages produce a phase shift of 2 x 180 = 360 degrees. So the output voltage is again in
phase with the input voltage.
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9.2.4. DC Bias

If you want to know the DC-Currents and DC-Voltages for the operating point, then you should do this:

nulation Command

1) Open ,Simulation® and ,Edit Simulation Command*.

2) Change to ,DC op point*

0
3) In the window you should now find »-OP

4) Confirm this by pressing OK and test, whether

5) the command ,.op“ is now connected to the cursor. if it is then it can be placed on the schematic. (Youcan
check this as the ,Tran“-Command will now start with a semicolon ( ;tran 10ms )?

Now press the
simulation button (with
the running guy) and
wait for the result.

This is what it looks like
and you can examine
the current / voltage list.

L]
0,0119153
0.0115494

0.0085588
0,0205763
0,000661433
0,000709537

Now close the list because there is an easier way to get every current- or voltage value (See next page):
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ice/SwitcherCAD II - [broadband_amp_01.asc]

A Move the Cursor to an interesting
This command point in the Schematic...
is valid as this

moment _~...and You get here the voltage value!

Note:
To return to the transient simulation, please replace the point in the .Op simulation command by a
semicolon. Also replace the semicolon in the ;tran  command by a point.

But the fastest way is using the path ,Simulation / Edit Simulation Command / Transient’. There click OK and
this operation will be automatically done by the software.
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9.2.5. Frequency Domain Simulation: AC Sweep

No problem:

Open the property menu of the voltage source V1, enter ,,1* for the AC-amplitude, ,0“ for the AC-phase and a new
simulation command for an AC-sweep from 1Hz to 200MHz with 101 points per decade:

FEjLincar Technology LTspi

itcherCAD 111 - broadband_amp_01.asc
Fle Edt Hierarchy View Simulste Took Window Help

I-IES|
A T F RN = R = AR iBEf 88 L0300
4, broadband_amp_01.asc H:: broadband_amp_01.asc |

1o x|
¥[n009)

100KHz 100MHz
broadband_amp_01.asc -3l x|
vz
R1
T 14.8k
Vi ¢t Q2
.include BC547B.Iib
SINE(0 190m 1K 10uF ([
.include BCS57B.lib (] ST 03] =
Re 68
82 R2 R3
22K 39
.ac dec 101 1 200MEG e
R9
75
Ready

i/ start| | £F Linear Technology LT... LT-SwitcherCAD_01.doc . .. \ 88 Paint Shop Pro

|« 0=l 194
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9.3. Parametric Sweep
If you have a look at “LTspice / Dot Commands* in the online help, then you will find a lot of commands and
capabilities.

Let us test the SPICE-command .Step

This is important because with ,step” you can automatically vary the value of a part or a voltage and repeat the
simulation.

Let’s take the circuit of the last section and vary the upper resistor R1 in the base voltage divider in 5 steps from
10k to 15k. This will enable you to get the optimum operating point.

FéjLinear Technology LTspice/SwitcherCAD 111 - [broadband_amp_01.asc] _(8] %
4, Ele Edt Herarchy Yiew Simuate Tooks Window Help =18 %]

J_B“Iﬂ!‘i"\i o R Ed SRy +2EM a8 L+B2+3 200D 0 4

V2
.include BC557B.lib
.include BC547B.lib - *12V
V1 C‘2|1 Q2
[
tran 20ms 8 c2 R8 68
10uF
R9
.step param Rx 10K 15k 1k 75
Ready [
& start| [ 7 Uinear Technology LT... [ LTspiceHeln | 8 Paint Shop Pro- [eidz* [... | B LT-SwitcherGAD_01 doc . or || PRESCIIE T I oeine
Note:

a) The peak value of the input voltage is now 0.3V

b) The value of R1 is replaced by the variable {RX}

c) With the spice directive .Step param Rx 10k 15k 1k the value of Rx is

increased from 10k to 15k in steps of 1k.

Now press the simulation button ( the “running guy”). The simulation will run, but you don’t see any results. So
move your cursor to the collector of the transistor Q2 and click.
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You will see this result and that a value of approx. 15k for R1 (= lowest curve) will do the job perfectly (and give a

Vpc = +6.5V at the collector of Q2)

ELinear Technology LTs) tcherCAD III - broadband_amp_01.asc =lEx|
Ele Edt Herarchy Wiew Simulate Tools Window Help
(B H R F0acan Bl ARE I REM A8l B +3 YO0 D G iniid o
4 broadband_amp_01.:0 | 124 bioadband_smp_O.ram | [Component |
(o x|

V[n007)

Place a new component on the schematic,

istart| | £F Linear Technology LT... [3F LTspicetelp | 88 Paint Shop Pro - [Eild_85... | LT-SwitcherCAD_01.dac ...

broadband_amp_01.asc -3l x|
va
.include BCSSTB.Iib
.include BC547B.lib +2v
vi ¢l
1|
1l
SINE(0 0.3 1k) R 10pF
.tran 20ms
82
.step param Rx 10K 15k 1k 75
—

« L DD s
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10. Project 6: OP Amp Circuits

10.1. Let us start with an Inverting Amplifier

Let us have a look at a simple OP Amp circuit using one of the LT models which come with the software.

Task:

To simulate an inverting amplifier with the ,,LT1001“ to have the following specifications:
Gain =10 (= 20dB)

Input Resistance =1kQ

Use two power supplies with +15V and -15V
The input signal is a sine wave with a peak value of 1V and a frequency of 1kHz. Simulate the input and
output voltage from 0...10ms.

Solution:

F&jLinear Technology LTspice/SwitcherCAD 111 - DPY_01.asc 18]

Flle Edt Hierarchy View Simulats Tools Window Help

| P EFFs|dcor BUBRE s M a8 2@t DO D OMiid oy |

1, OPV_0l.asc H:: OPY_01 ,awi

V[n002)

OPY_01.asc =10l x|
V1
LE 12v
SINE(0 1 1k)
.tran 10ms v2
12v
1

4 start| | 7 Linear Technology LT... ] LT-SwicherCAD_01.doc l |:-« e Tt

You see, as predicted by theory, that there is a phase shift of 180 degrees between input and output.

Additional task:
Use an AC sweep to determine the frequency response and the upper cutoff frequency. Simulate up to
1MHz.

Solution:
In the properties of the voltage source V3 set AC amplitude =1 and AC phase =0

Then write the simulation command

.ac dec 101 1 1MEG

for a decadic sweep with 101 points per decade from 1 Hz to 1MHz.
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FéjLinear Technology LTspice,/SwitcherCAD ITI - DP¥_01.asc

Fle Edt Herarchy Yiew Smulate Tools Window Help

=& x|

BeEeds £ aca (Bl e sben & irmstivodas Az op
A OFY_D.ase |do7 oPv_0.8sc | |
= i x|

— V[n002)

18dB
16dB
14dB
12dB
10dB
8dB
6dB
4dB
2dB
0dB
-2dB:
-4dB

-6dB: —

1Hz 10H,

100KHz

=10l x|

[ The Cursor is moved to the
20dB - 3dB-point (= cutoff frequency)

SINE(0 1 1k)

12v

| .ac dec 101 1 1MEG |

V2

12V

=75.597KHz v = 16.996dB, 159.203%

o B LT-SwitcherCAD_01.doc ... | 89 Paint Shop Pro ‘

Using the cursor you will find the corner (= cutoff) frequency at 75.6kHz.

||« ®b @D M ons

Here the gain has decreased by -3dB.
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10.2. Preparing a SPICE Model from the Internet

When doing your own development work you often need a special circuit from a manufacturer. Most companies
offer their SPICE model collection free of charge on the Internet. So search for and use them!

Modern OP Amps can work up to 500MHz and more - even the circuit's noise can be simulated. Let us use such
a modern part in a simulation and learn how to create a symbol for a downloaded complex circuit.

10.2.1. Gainblock for 1kHz to 30 MHz with OPA355

The OPA355 is a modern low noise OP Amp with a cutoff frequency of 200MHz (there the gain has decreased to
1). We want to create a ,gainblock® for a 75Q — system with it.

Specifiations:

a) Only one power supply with +5 V (= maximum Vcc value). Therefore the mean output DC voltage must
be set to +2.5V.

b) Gain = 4 for an unloaded output, but gain = 2 with a terminated output pin.
c) Input resistance = output resistance = 75Q.
d) Lower corner frequency = 100 Hz. Upper corner frequency = 50 MHz for a gain reduction of 0.5dB.

e) Use a non inverting circuit.

10.2.2. Simulation using the selfmade OPA355 Subcircuit Model

The necessary SPICE model can be found as ,sbom143.zip“ in the Texas Instruments homepage. After de-
Zipping save it as ,OPA355.mod" in the well-known library folder lib / sub®.

e e e S Once more you have to create a new symbol (See

: EN +Ub 0PA355 _— chapter 6.2.3).

=5 IR 2 X . . . Be aware of the additional ENABLE pin. In the
schematic this pin must be connected to the supply

+| N - voltage (+5V):
= - out
B This should be the result....
AN OPA355.mod
SN e 6 e s e w
x
...and this is the correct attribute list. Only with these
Symbal Type: IBI.:..:k vI entries will everything run well.
Warning:
The value for the attribute
[ “Value2” MUST NEVER BE
— T I EMPTY!!!
atiroLre WalLe -
Frefix = (...the best is to use the SPICE
Spicekodel OP&355 mod
Value OPA355 mod_el name_...) ..
Value? OPA3SS If this entry is missing, then you
gg;gzmzz can get cryptic error messages
Description and the simulation aborts...
kM odelFile
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Let us now draw the complete circuit:

- Vi
2.2k
c1_~R2 tid

2.2k
100y

|| ouT C3 R6

1A355

100uF 75 R7

PA355.mod 75

SINE(0 0.2 100k)
AC10

Explanations:

a) The +5V supply must be connected to the pins ,+Ub“ and ,Enable“. Also the voltage divider (consisting
of R1 and R2) must be connected to +5V to get the necessary +2.5V at the input pins.

b) R5 gives the input resistance of 75Q, R6 the output resistance of 75Q.

c) R4 and R3 form a feedback network. So the ,non-inverting function®, and an unloaded gain =4 and a
loaded gain = 2 ( +6dB) are realised

This is the result of the simulation for the output voltage at R7:

Al x|
Bl [ Mmachy yew Sedwa Lok Wedow e

B T FoacaR R BER¥E IRPMAS L@ %3 000D An 2p
£ OPATES 02 0ee | RIS 02 eaw |

100KH: B 100MHz

Tkt plet WHOOT).
i stort]| 27 Linear Technstogy LT 88, Pert st Pro - 5k 52, | BE)LT-Swmchercab o1 g . | B« 08 ® o
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And something interesting is to feed the circuit with a pulse voltage (peak value = 0.5V / frequency = 10MHz):

FEjLinear Technology LTs ‘SwitcherCAD 111 - OPA355_D2.asc P = =
File Edit Hierarchy Wiew Simulate Tools Window Help

| E®E 5 BE

| @ E T F 8o e R
4, 0PI asc |17 0PAS_02ram|

Sli-0 83D O

Vn007)

DPA355_DZ.asc =0l x|

«ran 500ns

out T

100uF 75 R?
PA355.mod

AC10

|
‘"« L=t L0 s

i Start| | £7 Linear Technology LT... %8 Paint Shop Pro - [Bld_33... ] ] LT-Swiltcher CAD_01 doc ..

Very nice, indeed
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10.3. Use of Labels

In general OP Amp circuits need a positive and a negative supply voltage. The fully drawn circuit then gets a little
bit untidy, so applying some Labels simplifies the appearance.

When using a label you replace the wiring by a simple connection with a name for the node at all points where it is
needed and you no longer need to draw all the necessary wires.

Let us use the OPA355 from the last chapter and build a new gain block (gain = 10 (+20dB) ; non- inverting
circuit; 2 supplies of +2.5V and -2.5V).
Also use a label for the input and for the output nodes.

This has another advantage:
In the waveform viewer you now get the label as information for the trace
instead of the node number....

So the schematic looks like this, preset for a sweep from 1Hz to 200MHz:

FejLinear Technology LTspice/SwitcherCAD III - [OPA355_Label.asc] =&l =]
4, Fle Edit Herarchy View Simulate Tools window Help =& x|
B ET 0 a0aR 20 HRE IREMH A/ $M2+3 T0HOD A0k
+2.5V +2.5V Vi
OPA355
EN +Ub
OPA355.mod
+IN 2.5
Input ouT
V2 -2.5V
AC10 Vs
2.5
.ac dec 101 1 200MEG

Ready

i#/start| | £F Linear Technology LT... 83, Paint Shop Fro | 1] LT-SwitcherCAD_Ferti.d. .. |

« WL @ M ozss

And now let us do the work, starting with the 2 power supplies.

Step 1:
Delete all wiring between the power supply and the circuit and press the “label button”:

Ii#aii
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TP | Step 2

Now enter +25V in the field and click on OK.
Y‘?’ ¢ GND(global nods 0) The label “hangs” on the cursor and can be placed on the schematic and
wired.
" COM
N .
w Note:
ut Before placing the label, it looks like a huge rectangle
ot Tepe: |Maone -

with an additional little rectangle on the centre of the
[Porttype is onlp vishl= f drwin st~ Jower edge. This little rectangle is the “catching

the end of a wire.]

o | point” and must be connected to the symbol of the
o power supply!

Canicel |

Step 3:

Now click and place the label at every point in the schematic which needs the +2,5V supply.When all the
instances are placed then connect each one to the corresponding circuit point.

Note: if wires are already present the labels can be placed directly on the wire using the “catching point” and they
will automatically be connected.

Repeat steps 2 & 3 for the “-2.5V supply

w x| Lastly, repeat this procedure to place the ,input“- and ,,output* labels.

B | :
<> © GNDiglobslnode ) ut please note

\l/ ~ COM The input of the OP Amp needs the label ,,INPUT“-- but select the Port

Type as ,,Input”.
ouTPUT

[Fort type 1z anly wizible F draw &
the end of a wire.]

Cancel | 0K I

GED

The output of the OP Amp needs the label “OUTPUT” -- but select the
Port Type as “Output”.

And this is the sweep result (only gain, without phase):

(=]
+2.5V +2.§V Vi
OPA355
OPA355.mod
+IN 2.5
Input
V2 2.5V
AC10 vs
25
.ac dec 101 1 200MEG

PA355_Labelraw

100Hz 10KHz 100KHz 10MHz 100MHz
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11. Project 7: DC-DC Converters

Firsta Warning:

These circuits use complex simulations and realistic inductance properties because an oversimplified inductor
model will cause errors or simulation aborts in many applications. Very expensive simulation software versions
use special (and secret) tools to avoid these problems, but we have only the normal Berkeley SPICE kernel......

With the following rules you can avoid most of these problems:
a) Never use an ideal inductance -- always add a series resistor (even 0.01Q can do the job!).
b) Every inductor has a winding capacitance, and often the circuit has additional stray capacitance. This

always gives resonance effects with (sometimes) unexpected results and problems during the
simulation. So use damping resistors or long simulation times to get correct simulation results.

11.1. Model for the power-MOSFET ,,IRFZ44N*“

For all the following experiments we need a good and fast electronic switch -- today this is always a power
MOSFET. Choose the IRFZ44N (produced by IRF = International Rectifiers) which is a good choice and widely
available part.

Sorry, but now you have to create a symbol again

Let’s go:

Step 1:
Search with Google for “irfz44n spice model“ and find the file “irfz44n.spi“. Mark the content, copy into a new
editor file and save this file as “irfz44n.lib“ in the folder “lib / sub“ of LTspice.

Step 2:

Choose “New Symbol*“ in the “File“Menu. Open “File” once more and -- with “open” -- follow the path “lib /
sym*“ and find “nmos.asy" (.To see it you must make “All Files” visible). Then open the attribute list of this part by
following the path “Edit / Attribute / Edit Attributes®.

M Symbol Attribute Editor =
Symbol Type: IEell vl

altribute | value | . . . . . . . . X X
Prefis MM
Spicetodel
Walue MKOS

Valus? . . . . . . . . .
Spiceline

Spiceline2
Description M-Channel MOSFET transistor . e
ModelFile

)] .

4

T

[©]
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Il 5ymbol Attribur~=ditor

Step 3:
And now carefully modify the entries as

attribute

| vallie

I given in the figure on the left.

Frefix
Spicebd odel
Y alue
Walue:

Spiceline?
D ezcription
M odelFile

Cancel |

kS
ifzddn.lib
MEOS
[RFZd4mM

M-Channel MOSFET transistor

(Pay special attention to the first line:
~Prefix‘ must be changed from MN =

model to ,X*“ = subcircuit)

OE.

i

i
=
;

NMOS

irfz44n.lib

That's all -- now let’s tackle the first task..

Step 4:

Open ,Edit" and ,Attribute Window". Click on ,Value“ and
place the description ,NMOS* over the symbol.

Then press OK, repeat the procedure but click now on ,SPICE
File“. The information ,irfz44n.lib“ must now be placed beside or
below the Symbol.

Now save the complete symbol -- Itis best to create a new

folder ,NMOS-FETs" in ,lib / sym" and to save the new symbol
init.
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11.2. The Step Up Converter

FéjLinear Technology LTspice /SwitcherCAD 11 - [stepup_01.asc] =12 x|
1, Ele Edt Herarchy View Smulate Tools window Help 1= x|

[ BE R 20|00 an Bl EaHE s REN 08 L&@ it ZDB0 0 iy

L1 R1 D1

100m 1 D
nmos |1 Rro

= 100uF 100
tran 20ms L

NS
| irfz44n.lib

12

V2

S
PULSE(-15150 0.1u 0.1u 500u 1m)

|
i 'start| | £F Linear Technology LT... LT-SwitcherCAD. 01 doc | ] LT-5uwikcherCAD Fertig.d... | B Paink Shop Pro ‘ 1 « e OEnGo WM, 2119

The schematic shows a +12V power supply , followed by an inductance with L = 100mH and the obligatory series
resistor of 1Q.

The Power-MOSFET acts as an electronic switch between R1 and D1 to connect this node to ground for a
definite time.

When switched ON, current flows from the power supply through the inductor and its series resistor to ground and
rises linearly (...this is true, when the voltage across an inductor is constant) .
So more and more magnetic energy is stored in the inductor and this can be calculated from:

EzloLOI2
2

When the FET is switched OFF, this energy cannot dissipate suddenly and the inductor’s current cannot switch
rapidly (....this would cause a nearly infinite induced voltage...) and so stays at the same value.

That means that the inductor current now flows to the right hand side, switches ON the schottky diode, charges
the output capacitor and flows through the output resistor R2. When the gate of the MOSFET is fed with a square
wave voltage, the output voltage rises until a “balance” is reached between picked-up-energy (by the Inductor)
and the energy delivered to the output resistor R2.

Important: the amplitude of the output voltage is the sum of supply voltage +12V and the inductors
voltage!

This means that the output voltage of this circuit will
always be higher than the supply voltage!

Now draw the schematic and feed the gate with a symmetric square wave voltage (frequency = 1 kHz / (Vmax) =
+15V / Vmin = -15V). Choose a simulation time from 0.....50ms. Show the gate voltage and the output voltage.
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F3jLinear Technology LTspice/SwitcherCAD 111 - stepup_1.asc
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Clearly, it can now be seen that the output voltage is a mixture of a mean DC Value of +23V and a small
~sawtooth-ripple“ (= charging and discharging of the output capacitor).

<O OBYOO Mg, 2

Lastly, let us have a look at the drain voltage of the MOSFET:

=18]x]

FéjLinear Technology LTspice/SwitcherCAD III - stepup_01.raw.
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If you want: vary the gate voltage, the inductor’s value, the output capacitor’s value and simulate....

Note:
In practical circuits the stabilization of the output voltage is done by varying the on to off ratio of the
driving squarewave voltage at the gate of the MOSFET.

11.3. The Flyback Converter

mLinear Technology LTspice /SwitcherCAD III - [flyback_01.asc] T
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Note:

We have nearly the same schematic -- with the exception that the resistor-capacitor load is returned to the
supply voltage and not to ground!

When the MOSFET is switched ON, then the inductor current rises again linearly as before. but when the
MOSFET is switched OFF, then the current flows through the schottky diode into C1 and R2 to the power supply.
This is driven by the stored magnetic energy in L1. This current flow stops when the complete magnetic energy
stored in L1 is transferred to C1 and R2.

This circuit has some very interesting properties:

a) You can short circuit this converter at the output terminal without damage. The energy transfer is like a
bucket full of water: when filled (= energy stored in the inductor) it cannot transfer more but this portion of
water (= energy) to the output. No damage will occur, neither to the MOSFET nor to the other parts of
the converter.

b) But be careful: if you run this circuit without the load resistor R2, the transferred energy will add and add
and add to the capacitor C1 until a big bang happens! So don’t forget this resistor and be sure that its
value is always less than 100kQ.

c) Note that the output voltage’s polarization is now inverted to that of the step-up-converter.....and the
output voltage’s amplitude is normally much higher than the supply voltage!

Note:

In practical circuits the stabilization of the output voltage is done by varying the on to off ratio of the
driving squarewave voltage at the gate of the MOSFET.
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Now draw this schematic and simulate. As gate input voltage again use the symmetric square wave signal with f =
1kHz and +15V / -15V as amplitude.

Please have a look at this special effect:

Because the schottky diode’s ON-voltage is 0.4V, some energy remains in the inductor L1 when the diode
switches OFF. This gives a resonant oscillation caused by the self capacitance of L1 and the drain capacitance of
the MOSFET together with the inductance of L1.

Let’s at first look at the inductor current:

i =10] |

The output capamtor is c;harged
and the coil current decreases linearly
to Zero. !

86ms 88ms 90ms 92ms 94ms 96ms 100ms 102ms 104ms 106ms 108ms

¥[n004)

OSFET = ON. OSFET = OFF, ‘\
‘||| '||' ‘ \”HU
i \ i »MI‘MJ |

174.3ms 174.6ms 174.9ms 175.2ms 175.5ms 175.8ms 176.1ms 176.4ms 176.7ms 177.0ms 177.3ms 177.6ms 177.9ms 178.2ms]

Additional information: this is the simulation with a short ON-Time (1ms) and a long OFF-Time (9ms) of the
MOSFET:

{Eflyback_01.raw
V{n004)

MOSFET = OFF.

Resonant Oscillation caused by the
rest of magnetic energy in the coil and t
Coil- + FET-Capacitance

=ON.
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Schotky Diode has
switched off.
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11.4. The Step Down Converter

F&jLinear Technology LTspice /SwitcherCAD 111 - [stepdown_01.asc] =1 ]
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In this circuit the MOSFET serves as a switch between the power supply and the inductor and
the schottky diode is connected between the node “MOSFET’s source / inductor” and ground
(initially reverse biased).

Description:
a) When the MOSFET is switched ON then the linear rising current flows from the power supply through the
FETand the inductor to the output capacitor and the load resistor to ground. So the capacitor is charged
and energy is stored in the magnetic field of the inductor.

b) When the MOSFET is switched OFF the inductor current continues to flow in the same direction, but
now the MOSFET is OFF and the schottky diode switches on to maintain current flow. The stored
magnetic energy is transferred to the output circuit (= C1 and R1) until the inductor current has
decreased to zero. During the time this current flows the voltage across the diode is NEGATIVE with
respect to ground!!!

Note:
1) In practical circuits the stabilization of the output voltage is always done by varying the on to off
ratio of the driving squarewave voltage at the gate of the MOSFET.
2) The amplitude of the output voltage is always less than the power supply voltage!

If you want to know the exact output amplitude value, multiply the supply voltage with the ratio ,,ON-time /
period time*“. So for our example we get with an ON-time of 0,5ms and a period time of 1ms

Vout = 0,5 x 12V = 6V
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Let’s first simulate the output voltage:
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And this is the diode voltage:
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