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LTSPICE INTRODUCTION

|) Powerful, Fast, Free Simulator

2) Using PICE Model

3) Graphical Schematic Capture Interface

4) Supported By Analog Devices

Link Guide: https://www.analog.com/en/resources/design-tools-and-calculators/Itspice-simulator/Itspice-recommended-reading-
list.html|




Keyboard shortcuts

=dick

P
drag nat-to-net

-om ponents®

inducior
=11
compenent

b met

) =i
‘Help me Edie” dialng
bus kap

1nggle directhen

matic Dpti
place angled wires
draw shapes oif grid

show hidden test, &
parallel or series resistance

shewihide unconn pin marks
shaowihide bext snchor marks

aroilazk

Probe Schematic
Probe 'Wire

plot voltage

Frobe Component

plot ourent

Probe Wine

plot carent

Probe Component

plot Instantsneous power
plot ditferentisl voltage

alasle ofler shmuiathon s s

SCHEME AND WAVEFORM EDITING

avd "t @

Q
)
Q
-
)
(o

edit directive with help

=

=00

copyiduplicate"

move”
select components o move

siretch™
select nochor points to move

rotabe
mirrar

Echematic
o aren |drag over ares)
o I | click on scheme )

Wawedorm
ares Is detaulk mode

ot
o {It. am exiens

tnggle g

edh all parsmeters

Simulator
configure aralysls

runfpeuse

wizw BPICE kg

reset sim wovelom T =0

edit imited parameters

SHORTCUTS

dick or[C]

eform Viewing

add cursor and See meEasure

Isbe] current cue cshtlon
clesr all porsors

mighlight corresponcing met
in schemmatic

integrate

move trace (1o another pane]
copy trace (1o snother pane)
add trace

add pane above

add pane bekow

rmove acthes pane up

move acthe pane down
sHeCt sheps

recenber

=
&
B
e
Q
b
ke
=
o
3
"]
B

s ore o M

LE

Ha Cursors pa

Curser Present Snap Cursor 1o next ime: data point

Cursor Present Cycle corsors throoch traces at cornent
ime deta paint

Cursar Present snap oorsor o next dats point
Wiz Cursors pan

| Cursor Present b D dats points

Cursaor Fresent bump cursor 100 data points
pan with mouse
pan keft and right with mouss

pan up B ok

ANALOG

DEVICES

VIGE0 & Arusdog De viom dns, Alirighraren e v, Trac e F b n 0o * et 8 T 008 T a2 TR thair
rempEctive sarane_Sresd 3! Whats Femible o rsdemrs of Srakeg Dewicee, LTedes-3' 240 srakeg cem

Common Keyboard

W: wire

R: Resistor

C: Capacitor

V:Source

P: Pick up components from table

T: Spice Directive

Crt+R: Rotate component

Almost of cases we use common
keyboard



READING COMPONENT DOCUMENTATION
AND CHOOSETYPES OF COMPONENT

¥ LT1007 Instance X

Instance Name: L1

Desription
Low noise, High Speed Predsion Operational Amplifier

Open Example Circuit

Find at analog. com

]
b

U

4+

LT1007

-

5(

Right click
on component

[‘/‘7 Capacitor - C3 oy
Marufacturer:  —— oK
Part Number: ——
Type: —— Cancel C3
Select Capacitor I
Capacitor Properties
Capacitance[F]: 200p 2nop

U g R - [‘,‘7 Select Stock Capacitor

RMS Cument Rating[A]:

it and Edit User Liby
Equiv. Series Resistance[2]: Quit and Edit User Library

Equiv. Sefies Inductance[H]: Show all Part No.: Filter Cancel

Equiv. Parallel Resistance[Q2]: C[pF] Mfg. type Part No.  Voltage[V] Rser[Q]
Equiv. Parallel Capacitancs[F]: Bl 0.0002 Murata C0G GCM1555C1H20 0.000
— 0.0002 Vishay CoG V10503020 1KXA 50.0 0,063
—| 0.0002 Murata CoG GCM1835C2A20  100.0 0,000
0.0002 Murata CoG GCMZ1ASC2E20  250.0 0,000
0.0002 Vishay CoG V1030502011¥F  250.0 0.045
0.0002 Murata CoG GCM21A5C2120  630.0 0.000

——




NETWORK LABEL

In LT spice, a network label (or Net Label) is a way to assign a custom name to a node in your circuit. This
makes the schematic easier to read and allows for easy referencing of signals, especially when working with

complex circuits.

How to Use Network Labels in LTspice:

I. Open LTspice and your schematic.

2. Select the "Label Net" Tool: — CHZ
Press F4, orClick on "Edit" — "Label Net" in the menu bar. §R1

3. Enter a Name for the node. ”

4. Click on the Wire where you want to place the label. <+

5. Repeat for other nodes if needed.

Signal

Connect together

E Signal

Ul

LT

=¥C



SIMULATOR DIRECTIVES — DOT COMMANDS

Whereas the circuit topology is typically schematically drafted, the commands are usually placed on the
schematic as text. All such commands start with a period and are called "dot commands".

tran :, and examples...

.step :

Syntax: .step param List <value1> <value2> <value3> ....
Syntax: .step param <minvalue> <maxvalue> <value_step>
text :

.wave :

text:

.Save .



SOURCE AND CURRENT

5V R1
50
Vi
+
s
tran 1

495V

Limit current

I1

PULSE(O 10m 0 1 0)

[‘;7 Independent Current Source - 1

Functions

() inone)

i PULSE(1 12 Tdelay Trize Tfall Ton Period Neycles)

() SINE(lcffset lamp Freq Td Theta Phi Neycles)

() EXP(112 Td1 Taul Td2 Tau2)
() SFFMloff lamp Fcar MDI Fsig)
O PWLETI1t2i2..)
(O PWL FILE:
(O TABLE(w1i1wv2i2.)
[T[AL:
[2[A):
Tdelayls]:
Trize[s]:
Trall[s]:
Ton[s]:
Tperiod[s]:
Meycles:

Make this information visible on schematic: [

DC Value

Make this information wisible on schematic:

Small signal AC analysis{ AC)
AC Amplitude:
. AL Phase:
Make thiz information visible on schematic: B

Parasitic Properties
This iz an active load: [_]

Make this information visible on schematic: [

Cancel

Limit current = |0Om

— Through resistor, voltage drops to 4.95V.




SIMULATION TRACE

Volts axis {aossca.and curent aw =] Current axis

blue line green line

Time




SIMULATION MPPCS SIGNAL

.............................................................................................................................

i?w Powersuppply : | Low passfilter P LikEkHPPCS-EEIES?D—SDEDE High pass filter
' for MPPCs G _ E ' Dark Current lpe:luA-IDDuAE: cut off frequency = 3. 7
' E cut off frequency = 160Hz ; 1 L Datl'k:faflﬁmﬂﬂresiizliHlnuk}
: -y ¥
! :l N l
5 : ' | EXP(0 30u 100p 1n 100p 10n
! R1 A D1 c2 i
= AN £] =
E 10k v 1N5817 v 10n
: = R2
T'60 | 100n §50
~7 w7 <+
For times less than rise delay time, the output current is I;. Name Description Units
For times between T4, and T4, the current is given by: 11 Initial value A
12 Pulsed value A
I, +(L-1,))exp((t-T4.)/T
1 ( 2 1) p(( dl)/ 1) Td1 Rise delay time Sec
For times after T, the current is given by: Taut Rise-time constant >e¢
Td2 Fall delay time SeC

Il + (IZ B Il) (eXp((sz't)/Tz)- eXp(le/Tl't )) Tauz2 Fall-time constant sec




SIMULATOR DIRECTIVES — DOT COMMANDS

Syntax:
tran 1m

STEP PARAM <ParameterName> LIST <valuel> <value2> <value3> ...

Step param IM LIST 30u 60u 90u

_________________________________________

' Like MPPCs - C13551 !
. Dark Current (1pe): 1uA -100 pA !

Set
i |
T Parameter
N/ | :
EXP(0 {IM} 0 3n 0 30n) ! Inside braces.
2 - {IM}
I i
1IN5817

_________________________________________

20ns 40ns 60ns 80ns 100ns 120ns 140ns

160ns

180ns

200ns

220ns

240ns|

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

____________________________________________________________________________________________

(3pe) IM=60uA

(2pe) IM=40uA

(Ipe) IM=20uA



PREAMPLIER - CHARGE AMPLIER

When a photon hits the SiPM, it triggers an avalanche multiplication process
in the microcells, leading to a flow of charge. This charge is then detected
as a current or voltage signal.

Charge Amplifier:

+ Energy measurement (pulse integration, spectroscopy, low noise).
+ Converts charge (Q) to voltage (V)

+ Stable gain




PREAMPLIER - CHARGE AMPLIER

Signal LT1363 OP-AMP T :
characteristic . Charge inverting amplier: ;
\ 10nF/200pF = 50 times cf
| ns-rise time |
|Ons pulse handling , 200p
(~40MHz 70MHz - Bandwidth. y
bandwidth) 1 AN I
| Y sk
-
O.SmY Sm.a" signal |000V/us Hight slew Rate. c2
amplification Signal I U3 c3 E
- - Q_Amp
ron -1 LT1363 100n !
Several ten pA 2pA maximum Input Bias
Current
~ 8
7
!_ ow output 0.2mV Maximum offset voltage | ;
impedance .




CHARGE AMPLIFIER SIMULATION

Charge Amplifier

A=C¢/C;
C.: capacitance of signal
Cs: capacitance of feedback capacitor

Time intergrate

Signal after amplifier




VOLTAGE AMPLIFIER SIMULATION

Simulation result

& Voltage amplifier
cf1 N

Voltage inverting amplier
15k/500 = 30 times

I
10p
2,
g 15k
-
+
Q_Amp R I~ U1
[
Amp
1l -
200 ~Tim363 100n

b Signal after charge amplifier




PEAK DETECTOR
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PEAK HOLD SIMULATION

V(test signal)

T T T T T T T T T
10ps 15ps 20ps 25ps 30ps 35ps Alps 45ps 50ps

Holding peak Linearity of holding peak
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