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Download and installation
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LTspice

Simulation Models LTspice® is a high performance SPICE simulation software, schematic capture and waveform viewer with
enhancements and madels for easing the simulation of analog circuits. Included in the download of LTspice
are macromodels for a majority of Analog Devices switching regulators, amplifiers, as well as a library of
devices for general circuit simulation.

Reference Designs
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* Download and install a Windows or s
Mac Ve rSion. mﬁ-ﬂﬂﬂ“& Benefits of using LTspice

Footprints Our enhancements fo SPICE have made simulating
switching regulators extremely fast compared to normal
SPICE simulators, allowing the user to view waveiorms for

Circuit Design Tools

[ ] most switching requiators in just a few minutes. This video
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see provides an overview of the advantages of using LTspice in
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an analog circuit design and how easy it is to get staried

Download LTspice
Processors & DSP
Download our LTspice simulation software for the following operating systems:
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Educational examples provided with the software

* Very helpful to get acquainted with the software.
* Automatically installed in your “My Documents” directory.

 Also: a library with electronic symbols, including tubes and RF-stuff
like Ferrite Beads, Transmission lines, Coils, etc.

Clipboard Organize MNew
» This PC » Documents » LTspicexVIl
i
[0 Mame Status Date modified

examples
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Getting started
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* Start LTspice

W Open an existing file

<« v » ThisPC » Documents » LTspiceXVIl » examples » Educational

* Open “astable”
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File name: |astable.asc
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Then you should see this:

&

BB H s QaAR . (ERE IBERAS LB $oV0 daor e What you see iS the Schematic
Vi o diagram.
2K .
. * E.g. V1 is the power supply set
at 5V DC.
101K .
* Move your mouse to either
. it T o component and “right click”:
2N3904 01p 01y 2N3904 P 8 '
* A menu appears and you Can
tran 25m startup change the values.
This example schematic is supplied for informational/educational purposes only. ° At Vl: CIiCk the bOX lladvancedll:
“.tran 25m startup” is an important simulation command: a menu appears where you can
Move your mouse over it and right click. A menu appears set virtually any type of power

where you can set the way your creation will be simulated. .
This one is set for a simulation in “time domain” (like an or Slgnal output.
oscilloscope) and runs for 25 milliseconds.  Don’t change things yet!
Five other modes are available which will be explained later.




Now, click on'| % <, and you will see this:

P (Tepice XVIl - astable.asc

[ ] An empty Outp ut Window File Edit Hierarchy View Simulate Tools Window Help -
M D FNN RO ERE REH OSSO An op
appears. B C o

5 = e

* Move your mouse to a wire or
junction and “left-click”. A
voltage waveform should
appear.

* Move your mouse over a
component and “left-click”. A
current waveform should

appear.
Values on axis are automatic. To , ; .
set it manually: move mouse over |f=== e
. {am_: . ”
it, and “right-click”. vi R1 -
2K 2K
General rule of thumb: If you s
want to change sorpgthmg; move - -
mouse over it and “right-click”. 101K 100K
F9 = “UNDO” Q2 AT a1
@ 2N3904 o1y o1p 2N3904
SPACE = “un-zoom”
.tran 25m startup
This le schematic is lied for informational /educational purposes only.

X = 13.00ms




Click here to add a capacitor

Example ”aStabIe” Waveforms Click here to add a wire

File Edit Hierarchy View Simulste Tools Window Help
P HSFORAAR B ERE RN SS SR I vDDD =
¥ astable L, astable asc

* \oltage at
junction R2-R4-
C1-Q1

* Current through
R2

> ! / / ! | f | | | I [
0.5v-] f | e | ! | | e [ foeeefeiet] f | I-0.2ma
[ | | | | | | | | | | | | | ) | | |
0.0V J i1 i Vv gl) u 1V i/ / i1 Y 10 i/ 1 1 / / ) 0.0mA
° T I 3 Oms 3ms fms 9ms 12ms 15ms 18ms 21ms 24ms
L]
ry t I S . A astable.asc =[G ]

* Change R4 to vi
200k. 5
* Add C3=10uF
parallel to R2. Q@

2N3904

.tran 25m startup

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




Example “butter” waveforms (1)

¥

Click here to cut a wire / remove a component

* Play around with
this simulation

* Try this:

* Disconnect 12-13-
14

e Connect all
filters in series

* Observe
simulation

(next page)

Frequency domain
(AC Analysis)

.ac oct 50 .01 3

77777

76mHz y = -54.047dB, -216.419°




Example “butter” waveforms (2)

[&F L Tspice XVIl - butterasc
File Edit Hierard hy View Smulste Tools Window Help

PEEHTFD QAR B SRR +BER S8 ILSTBD 3 XDHOD

Ax op

A butterase § butterasc

* Result should :
look like this. -

* Try to adjust
y-axis to 0 to -
140dB.

* For the die

100mHz

o || ==

h a rd's: o

=8 ol "

=

* Transform 97

@ 1z IR
il 1
R1 JSI . 1125 990 EE (3 1125 .8890 JES
1 ;La:wﬁ ol s lumg 3396 945

?

this filter to .
e.g. 3650kHz o

+/- 150kHz.

.acoct 50 .01 3

= = o785 1.033 lcs o o785 1.023 lcm et
1 l 2.562 ll-lﬂ 7918 3903 2.562
o2 2 o4 ua
B
Rs C1 1 8103 1.234 a3 ivk sloa 1.233 _e1s i
ot 1 4714 2.1213 1.526 7.6553 4714 Fio.1213
B X ~
o7 ur clo 119
LA L16 - 177 1617 ajeas Lig o177 1617 e 120 RE
1 6177 2 =1 L6177 1
Aot 1.617 5 1.617
~ T ~

x=194827mHz _y = -173.953dB, -1.005K*




[& LTspice XVIl - Clapp.ase
File Edit Hierarchy View Simulste Tools Window Help




Example “curvetrace” waveforms

* Try:

Open “simulation
command” and change
settings.

Observe and figure out
the differences.

This option is very
handy to make models
yourself of non-linear
components which are

not provided by LTspice.

4

File Edit Hierarchy View Simulate Tools Window Help

BEEF£0Q0qrRE SR ibealASl L0t} IDN00 Aa op

¥ curvetrace L curvetrace ssc

.dc V10 15 10m I1 20u 100u 20u

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

x=315V y=1750mA




Example “LM78XX"” waveforms

File Edit Hierarchy View Simulate Tools Window Help

P d T FIRAOQR R B s2on H687-0 3 ¥ H0H An op

¥ iz L LM78XKasc

* Try:

* Change settings and
observe results.

* Asin the real world:
many ways to get the
same result.

™
i
PWL(00 10m 35)

Custom output setting for
Voltage Source. (open to
observe settings)

Step Command:
Move mouse over and
right-click to open.
Observe the options.

Custom models for the

semi-conductors. Comment lines only

(preceded by ;)

x=515ms y=9049V




The DRAKE TR4-C, HF HAM-transceiver

Modulator section:

Schematic

Simulation

Guessing Drake’s design considerations
Worth to try modifications?

Cled

1-8

£l et = _
470 INS4I T

S A e - prm—

RB4
150




TR4-C modulator section, schematic diagram

i

20 280
40e * p.za.s l
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¥ 42.5 & 43.6 MHz CRYSTALS ARE NOT

FURNISHED WITH STANPARD TR-4C. e uz
THESE CRYSTALS MUST BE ADDED TO COVER sro-rhan Jer LT, o
2%.0 7o 286 X 29./ 70 29.7 | s E
MHz SEGMENTS OF THE A XNIT GAIN
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TR4-C modulator section, setting up simulation

1. Put the provided .asc and .inc files in a separate folder: E.g. \My documents\Simulations
2. Start Ltspice and open TR-4C vl.asc
3. Runsimulation



__TR4-C modulator section, simulation result

File Edit Hierarchy View Simulate Tools Window Help

MEET XN ROAR | HEE sBEM LS LD 3 DB OD

¥ TR4cv2 L TRACv2asc

Az op

V(nD17)

0.0ms 1.0ms 1.5ms 2.5ms 4.0ms
1, TR-4C vZ.asc
V5

stran Sm uic R9O RS8 an
JJib dmtriodep-RP.inc 330k 1.5k
lib 66X6.inc €131
Jlib 66X6+63.inc

R8S | oo

22k ==

100p

Blue Line v

CI‘fg ot c129
] =T

in 47k 470p
R85a
vz 100

€139

S R85b
SINE(0 60m 2k) 0.1p A

Red Line

x= 4783ms  y = 0.499V




TR4-C modulator section, simulation result

T Tspice V1 - TRAC v2asc = X
File Edit Hierarchy View Simulate Tools Window Help

MEET A RAQR B HERE $REHES LB =3 w2009 An op

{2 macwn 4 TRICv2a8c

Try these: . =

e Adjust C130, and discover why
this is a trimmer in reality.

* Over-modulate in steps of 10mV
until 150mV. Observe that the
distortion is caused by the AF-
stages.

e Change the following

components:
 U2:12AU7 (ECC82) : B
* R99: 33k = BE=
* R109: 3.3k o
* R1:2.2k s
* Results:
* More smooth over- ~ T"
modulation. mn? "~ Blue Line
* Less distortion. d, . - 2w -
* Disclaimer: % g? T ?ﬁ l_g%m
* Not yet put into on-air = j qel P . m “
practice. Red Line - %

x=4.785ms y= 049V




The Collins 618S-1, HF Aircraft-transceiver

Tuner-discriminator section:
- Schematic
- Simulation
- Possible issues?
- Worth to try modifications?

G
g

e i
N8
& )¢ TUNER
DISCRIMINATOR
V1001
3654
Cl075
ey mﬁ‘
e
i DANGER . i : : éHIG!D |
HIGH VOLTAGE' 5 . sﬁh
RICO®
sad




618S-1 tuner-discriminator, schematic diagram

T.0. 12R2-4-6-2 Section IV
Paragraphs 4-56 to 4-57

* The schematic: | FL
. ]’ — mooi |\ ——_—_—_"\——' SLUGS
* The reference signal enters left it UNER | Tsee_note 2 pl 13y
. oo 1] 4
and is amplified by V1001. The \15-3.3MC ]' “h5e }‘_t“s!?%s . 8102 @ o
Anode circuit is tuned by a servo il '] YN Fidee | =
o . :
motor, bringing the tuned circuit g | 3
at the same frequency as the L g Jios-A J106-8
. . . ] -A -
incoming reference signal. T = TRV I l '
e L1001B is loosely coupled to P100-3 Ploee
L1001A. The task is to find the 2 2 e I I e
right inductances and coupling Riooi | ooz | | P, '2.:I.___t:;.‘.°"°“°
factor which match the original o A a6 1 i
design. At first start to take I UNLESS OTHERWISE INDICATED, ool §i004 2. i SERVO
’ : ) CAPACITANCE VALUES ARE IN mios | nove | | AMPLIFIER
values which give highest output MICROMICROFARADS AND RESIST- CRI00Z [CRIGO!
o g . ANCE VALUES ARE IN OHMS. P » ‘
within a bandwidth of 5 to 10 2 CAPACITOR Cli24 ADDED WOD 3. el
DRI o Ul 6B s e Y| scnores T Luee smona 10 e
kHz. " TO 100K MOD 4 AND TO 82K MOD 9. 3 it S SIS RaT
e o e ] | S s
6. VALUE OF CIO71 CHANGED FROM —AAA— ‘ SEE NOTE 4
1 TO L5 MOD 6. RICQ0S RI004 | nio4s RIO49
7. SELECTED RESISTOR, SEE f.0. BETR el oL ] STOK ]\ -
I2R2-4-6-4 FOR VALUES. 6 5] RV wiaib
.:;c RIOOB
VOLTAGE SEE NOTE 7 ==

Figure 4-25. Tuner Discriminator and Servomotor B102, Simplified Schematic Diagram



618S-1 tuner-discriminator section, simulation result

[ LTspice XVII - Collins 6185-1, ratio detectorasc - X
File Edit Hierarchy VWiew Simulate Tools Window Help
. P T FNQAR RIHRE IBEH IS L SBDe 3 ¥YDU0D An op
° O bS e rvat I O n S : 1% Colins B105-1, retio detector 4, Colins 6185-1, st detector sec

* Qutputis , Vooze)
somewhat delayed
compared to the
input. This could
lead to instability of
the servo motor.

e Try this:

* Change values of the
RF-transformer and
observe the results.
You should adjust C1
also to tune to .,
center frequency, in | EEE w.4ms oams

Very sm G// Steps Of +, Collins 6185-1, ratio detector.asc =R EcR
0.5 pF.

* Short circuit C13. s
Guess what is going | ;
happen and then run

the simulation To change from transient to AC ], ) ) )
(Beware that ﬁode analysis mode simply change the = C @
“tran...” command to comment, SINE(D 3 249566 1m0 0 1000) Mwsmsmooélm

numbers may be
changed, so you

SINE(O 5 2.50e6 1.7m 0 0 1000)

and change “ac oct...” to Spice

. . directive. (right-click on commands
haveto click again d.( b tran 03m 1m
on the desired to open dialog box) .ac oct 100000 2.4¢6 2.6e6
nodes) Also: Connect V6 to C13 and Jlib "6AKS (EF95 5654).cit" Red Line
disconnect V2-V4-V5. See next AR S0xs . . o
page. Green Line

Right-Click to manually enter Left Vertical Axis Limits [V]




618S-1 tuner-discriminator section, result AC Analysis

[&F LTspice XVIl - Collin 6185-1, ratio detector.asc - X
File Edit Hierarchy View Simulate Tools Window Help

D@ EENRAQAY & HBERR s BRM OSB3 D09 An op
L4 . '( Calling 6185-1, ratio detector ase i::CulhnsETBS—T‘rdIiUdEtEC(Drasc
* Observations: .

* Qutput and phase are
given compared to
the generator output.

* The bandwidth can be
determined with
graph.

V(n022)

* Try this:

* Change values of
the Rl 7 and 2.40MHz 242MHz 2.46MHz 2.48MHz 2.50MHz 2.52MHz 2.54MHz 2.60MHz :
observe L
bandwidth and
center frequency.

=2

J; - G 0
i SRR L) SINE(O 5 2.505e6 2.%00%1000} rsiil
SINE(O 5 2.50e6 1.7m 0 0 1000) : 16 [=1]
s 15
W u -
500 500
Aran 0 3m 1m i S b = o
|| i 7
.ac oct 100000 2.4e6 2.6e6 s s " -
lib 6AKS (EF95 5654).inc B - Red Line
Green Ling| " %;
Avs

x= 2492MHz  y = -41.930dB, -159.070°



Some words about non-ideal components

Most components in LTspice behave like ideal components, or incorporate only a limited amount of parasitic
parameters. Obviously, in reality the components must be suited for e.g. the desired frequency range and maximum
voltage/current/power. Especially RF-designs are sensitive for parasitic capacitances and inductances. Also, skin effects
and magnetic effects increase the resistance significantly, e.g. in coils and parallel lines. A proper simulator is therefore
necessary to identify their effects in each component, before you start building. Many others developed already
models for Spice based simulators which incorporate non ideal characteristics, and are somewhere available on
internet. It’s a matter how to find them. E.g. not using a EL84 tube in an UHF-amplifier is just common sense. Most
spice models of tubes don’t incorporate internal inductances. A good idea is to make models yourself. Although it can
be quite time consuming and the need for more fundamental knowledge, it keep the accuracy in your own hand.

In conclusion, a basic simulation is just a good starting point. Also, when making a physical sketch or printed circuit
board design, try to estimate parasitic parameters between components and enclosure as good as possible, and
incorporate them into your simulation. Thus, making a simulation and designing the physical layout is a parallel
process. For HF and lower, you can rely on your experience and some Googling to get things on air, but for VHF and
higher this might not be sufficient. E.g. unwanted coupling between coils need to be taken into account.

Remember that long before the digital era engineers were already capable to build terrific working RF equipment, so
life today with things like LTspice must be more easy. Whatever, always give a suspicious look the beautiful graphical
output of any simulator. Success!



