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Abstract

Simple behavioral models for Allegro current sensors were developed to be simulated in LTSpice. The document
explains how to import the device symbol into LTspice, how to change the model’s sensitivity (among other
device specific parameters), and how to create a simple test bench to assess the functionality of the model.

Procedure

Take the following steps to import, simulate, and modify the provided symbol for any of the included Allegro
current sensor models.

1. If the user does not already have LTSpice, the SPICE simulation software is free for download.
2. After downloading the ALLEGRO_ACS LT Library.zip file, extract and save to a known local location.
Included in this folder, is a subfolder labeled “lib”, along with this user guide.

Mame Status Date modified Type Size
lib @ 2/25/2020 10:47 AM  File folder
= ALLEGRO_ACS_LT_Guide @ 2/24/2020 4:28 PM  Adobe Acrobat D... 449 KB

3. Copy this “lib” folder, and paste into the LTspiceXVIl folder located in the documents section of the
user’s PC.
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| | = | LTspicexvil

Home Share View

<« v » ThisPC » Documents » LTspiceXVIl »
~
‘ Downloads ~ Mame Status Date modified Type Size
|| Documents examples @ 7/, File folder
| Pictures lib (] 3 File folder

4. Open LTspice.
5. To place and use the current sensor model, open a new schematic by selecting the “New Schematic”

icon IE (or “File” = “New Schematic” or Ctrl+N).
6. Save the new schematic file to a known local location with a file extension of .ASC.

File name: | ACST24 -

Save as type: | Schematics (*.asc) ~

A Hide Folders Cancel

7. To place the generated symbol block, select F2 or “Edit” = “Component”.

[&F | Tspice XV - [Draft2]
‘l: File | Edit Hierarchy View Simulat

B ( Undo Fg | {
B cs O Redo shifeFd P

An Tet T

.DP SPICE Directives'

SPICE Analysis
$ Resistor ‘R
# Capacitor T
3 Inductor 1
<7 Diode D

i} Component F2

8. This will open the “Select Component Symbol” dialogue window.
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[,x} Select Component Symbaol X

Top Directory: | C:\Users“khampton'OneDrive - AllegroMicro\Documents'L Tspice XVIIMib\sym ~

Double dlick to change directory to "Allegro Cument Sensors"

Open this macromodel's test fixture

| [Mllegra Cument Sensars]

C:\UserskchamptonOneDrive - AllegroMicrotDocumentsL Tapice XVII\lib aym®.

cap load prpd
fcaw load2 polcap
AutoGenerated] cument Ipnp res
omparatars] diode Itine res2
DAC] e mesfet schottky
Digital] e2 nf 50 Athem-Heat Sink
FitterProducts] f nmos 50 Athem-PCE
Misc] FemiteBead nmos4 E
pamps] FeniteBead? npn tine
ptos g npn2 TVSdiode
PowerProducts] g2 npn3d waractor
References] h npnd voltage
SpecialFunctions] ind pff zener
Switches] ind2 pmos
i 1SO16750-2 pmosd
bi2 1SO7637-2 pnp
b LED pnp2

9. Open the “Allegro Current Sensors” directory by double clicking the folder.
10. Select the desired current senor symbol (ACS followed by the three- or five-digit part number). The
symbol and a description of the model will appear. Click “OK” to place the symbol.

[‘/‘7 Select Component Symbol *

Top Directory: | C:\Users‘khampton“OneDrive - AllegroMicro\Documents\LTs ~

High-bandwidth 120 kHz analog output
with filter pin used to filtter the output for
IP+ VCC improved resolution at lower bandwidth.
Mominal supply voltage of 5.

Viout

Filter

Open this macromodel’s test fidure
DUT_GND ‘ACS?ZAi |

C:\Users'khampton®One Drive - AllegroMicroDocuments'L Tspice XVI ik sym'/

[] ACSTH
ACS711  ACSTT.
ACS71240 ACSTT.
ACS717  ACS780
ACS718  ACS781
ACST22

ACST23

P-

ACS725
AC572381
ACS730
AC5732_3

Cancl

11. After placing the symbol block, the user can generate a system specific test bench in the schematic file.
The test bench below, for example, represents the ACS724 typical application. Each component,
including resistors and capacitors, current supplies, and voltage supplies, were placed by going to the
Select Component Symbol (F2), and placing the default LTSpice component.

Page 3 of 10



SALLEGRO

microsystems

IpP
I1

PULSE(0 20 5u 5u 5u 1m)
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VCC
Ut
IP+ vcC C_BYPASS
Viout out __0-1|.IF
C_LOAD
Filter —
1P- C_F OF
DUT_GND
ACS724 ] _JOF

sensitivity=40m Polarity=2

.tran 50u
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Changing Parameter Values

The sensitivity of the current sensor model, and thus the maximum current, is user programmable. In addition,
the current polarity can be customized to bidirectional or unidirectional. To change these characteristics of the
sensor, right click on the symbol block. The “Component Attribute Editor” dialogue window will appear. Locate
the “Spiceline” attribute, the sixth attribute on the list. The following variables are user-programable:
sensitivity=VALUE and polarity=VALUE. Devices featuring a FAULT will have an IRpMAX parameter. The values of
sensitivity and maximum current are per the device specific datasheet and based on the sensor used in the

customer specific application. Polarity can be two values: “2” for a bidirectional sensor, and “1” for a
unidirectional sensor. Double click the “Vis.” column to show the variable on the symbol.

E.‘r Compenent Attribute Editor

COpen Symbol:

This determines the type of a circuit element, e.g., R, C, or L

C:\Users'kchampton \OneDrive - AllegroMicro®\DocumentssL Tsp

>

PAitribute Value Wis. ™
1 | O
2 InstName: 00 X
3 SpiceModel
4 | vale ACST24 x
5 Value2
6 SpiceLine sensitivity=40m Polarty=2 X
Snicel ine? N

Input current pins

Device specific signal pins

Cancel
Symbol instance name
u2
TP+ VCCry
Viouty
Filtero
TP bUT GNDY
ACS724

sensitivity=40m Polarity=2
Device parameters
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Simulations

DC Analysis

Running a DC transient analysis allows the user to input a current step to the sensor and observe the
proportional voltage output. To simulate and view the step response of the sensor, follow the steps below.

1. Add a current supply to the schematic. Connect the current supply to the IP pins of the sensor by adding
wires (F3). Right click on the current supply component. Select “Advanced”. Using the advanced settings
of the current supply, the user can customize various characteristics of the input current step including
the rise time and on time of the current pulse. Click “OK”.

[g{ Independent Current Source - |1 X
Functions DC Value
() {none)
(® PULSE(1 12 Tdelay Trise Tfall Ton Period Neycles)
() SINE{loffset lamp Freq Td Theta Phi Neycles)

Make this information visible on schematic:

(JEXP(112 Td1 Tau1 Td2 Tau2) Small signal AC analysis(.AC)
(O SFFM(ioff lamp Fear MDI Fsig) AC Ampltude: ||
OPWLITIT12i2.) ACPhaser| |
() PWL FILE: Browse Make this information visible on schematic:
() TABLE(w1i1%2i2 ) Parasttic Properties
1Al u This is an active load: [ ]
12A] 20
Taelayfs] e Make this information visible on schematic:
Trise[s] 5u
Trall[s] 5u
¥ Current Source - I1 X
Ton[s] m
[ox ] =
Cancel Additional PWL Poirts
Make this information visible on schematic Cancel
== [

2. Ensure all other components in the test bench are given values. Right click on a blank portion of the
schematic and select “Run”.

Halt Ctrl+H

View 4
Edit 4
Draft 4
Draw 3
Waveforms 4

Edit Simulation Crnd.
Hierarchy 3
File 3

I_ Float Window

3. The “Edit Simulation Command” dialogue window will appear, if this is the first simulation. Select the
“Transient” tab. Enter a “Stop time”. Click “OK”".
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[&F Edit Sirmulation Command s

Transient AC Analysis DCsweep Noise DC Transfer DCop prit
Perform a nondinear, time-domain simulation

| Stop time: 50u |
L

Time to start saving data:

Start extemal DC supply voftages at 0V []

Stop simulating f steady state is detected: [ ]
Dont reset T=0 when steady state is detected:

Step the load curent source: [ |

Skip initial operating poirt solution: ]

Syntax: tran <Tstop> [<option® [<option=] ..]

tran 50u ‘

Cancel OK

[ L i

4. The transient simulation command will appear in the bottom left of the window.

n IP+

PULSE(0 20 5u 5u 5u 1m)
IP-

vee
Vi
ui
vee C_BYPASS
\l’in:)ul:%;c LOAD::(,'IFF
Filter
P
<~

ensitivity=40m Polarity=2

5. Right click on a blank portion of the schematic and again select “Run”. A simulation window will appear.
To view the input step, hover over the current supply and click the supply when the cursor resembles an
ammeter. To view the voltage output, hover over the Viout pin and click the supply when the cursor
resembles a probe. Note: it is helpful to add labels to nodes that will be probed, i.e Viout, VCC, and the
applied current step. Click F4 or “Edit” = “Label Net” to place labels. When the node is probed, the user
input label name will appear as the name of the simulation curve.

vCe é
U1

P lip vce

e + C_BYPASS

) ouT L =
< @ Viout 0'1|-IF
JE_LOAD
PULSE(O 20 5u 5u 5u 1m]j Filter
L e C_F —PF
DUT_GND
ACS724 ] JoF .

.tran 50u
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AC Analysis

Running an AC analysis allows the user to simulate the frequency response of the current sensor. To simulate
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and view the frequency response of the sensor, follow the steps below.

1. Right click on the current supply component on the IP bus. Select “Advanced”. Using the advanced
settings of the current source, the user can customize various characteristics of the supply. Add a value

to the “AC Amplitude” characteristic. Click “Ok”.
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[ Independent Current Source - 11 %
Functions DC Value
O frone)
(®)PULSE(1 12 Tdelay Trise Thall Tan Period Neycles) Make this information visible on schematic:
O SINE{loffset lamp Freq Td Theta Phi Neycles)
(O EXP1 12 Td1 Taul Td2 Tau2) Small signal AC analysis|AC
O SFFM(loff lamp Fear MDI Fsig) AC Ampitude 1
O PWLETIT2i2.) AL Phase:
O PWLFILE Browse Make this information visible on schematic:
O TABLE(1i1 v2i2..) Parasitc Properties
NAE| 0 Thisis an active load: []
AL 20
Tdelays] = Make this information visible on schematic:
Tisels): | Bu
Talls: [ 5u
Tonfsk | m
Tperiod]s]:
Neycles:
Additional PWL Points
Make this infarmation visible on schematic: e
VCC
Vi
Ul Q
P 5
n P+ vee C_BYPASS
- ouT -1
Viout 0-1|-| F
C_LOAD
PULSE(O 20 5u 5u 5 m Filter
DUT_GND —| T
ACS724 OF .

sensitivity=40m Polarity=2
.ac dec 100 1k 10MEG v v
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2. Ensure all other components pins of the symbol are given values. If no simulation has been run before,
right click on a blank portion of the schematic and select “Run”. This will open the “Edit Simulation
Command” dialogue window where the user can choose and customize the desired simulation. If an
analysis has already been run, take the steps below:

a. Right click the previous analysis command. The “Edit Simulation Command” dialogue window
will appear.

b. Select the “AC Analysis” tab.
Input values for “Type of sweep”, “Number of points per decade”, “Start frequency”, and “Stop
frequency”. Clicking “OK”.

&

Transient AC Analysis DCswesp Noise DC Transfer DC op prt

Compute the small signal AC behavior of the circuit linearized about its DC operating
point.

Number of points per decade: “
: 1k

10MEG

Start frequency

Stop frequency

Syntax: ac <oct, dec., lin> <Npoints> <StartFreqs <EndFreq>

.ac dec 100 1k 10MEG

b M =~ P iy

3. The simulation commands will update and appear in the bottom left of the window.

5

VCC
V1
+
U1l —
IP 5
I IP+ VCC __C_BYPASS
Viout out 770'1|-|F
JE_LOAD
PULSE(O 20 5u 5u 5u 1m) Filter
AC1 P oD C_F TJF
Acs7oa L [OF ‘
sensitivity=40m Polarity=2 ~

[ .acdec 100 1k 10MEG |

4. Note to run an AC analysis, the negative side of the IP bus should be grounded. This is a simulation
condition.
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vCC
"
+
U1 _
P 5
ol P+ vcc C_BYPASS
Viout out T
E_Lo Ap | O-1¢F
PULSE(0 20 5u 5u 5u 1m) Filter ﬁ
Acl - but_cND cF TJF
acs7oa L LOF .
sensitivity=40m Polarity=2 =~

.ac dec 100 1k 10MEG

5. Right click on a blank portion of the schematic and again select “Run”. The simulation window will
appear. To view the frequency response of the sensor output, hover over the Viout pin and click the
node when the cursor resembles a probe. The frequency response will appear in the simulation window.
Here, the user can measure the bandwidth of the sensor.

V(viout)
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