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Table 1: Revision History

Abstract

Behavioral models for Allegro current sensors were developed to be simulated in LTSpice. The document
explains how to generate a model symbol from the provided netlist, 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

The LTSpice netlist for each Allegro current sensor is located on the device specific webpage. If the user does not
already have LTSpice, the SPICE simulation software is free for download. Take the following steps to download,
import, and simulate the provided netlist for each Allegro current sensor model.

1. Begin by opening the provided netlist in LTSpice. This file is a *.lib file. The file name will begin with ACS
and include the three- or five-digit part number.

.
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ate modmed IYpe 20ze

F ACS5T32_Schematic 2/18/2020 2:27 PM LIB File

; ™
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How do you want to open this file?

Keep using this app

SPICE Simulator w/ Schem. Capture

Other options

ﬂ Look for an app in the Microsoft Store
More apps +
Always use this app to open .lib files

oK

2. The user may see a warning message about a non-existing transient analysis after opening the netlist.
Click “OK”.

LTepice XVl >

Mo analysis request found,

3. Locate “.subckt” in the second row from the top of the netlist.

emFngineer\ AST\Applications Engineering\Current Sensor\Spice Models\ALLEGRO_ACS LT\ACS732_ Schematic.asc
CS732_Schematic IP+ IP- DUT_GND VCC VOC FAULT Viout

— 1.0m

XSet_BW NO02 NOO3 NOOZ opamp ARol=100K GBW=1MEG

BSOutputStage N0O03 DUT_GND V=delay ({I(Rp)*{sens}* (V(Vec)/3.3)+(V(Vece)/2)}, .016u)

M2 FAULT N0OO6 DUT_GND NOO7 NMOS 1=lu w=84u

BSComparel NOOS DUT GND V=if (I (Rp)>=(((V(VOC)/V(VCC))*5*IRpMAX)), 5.0, 0)

BSCompare2 NO0S DUT_GND V=if (I(Rp)<=(((V(VOC)/V(VCC))*S*IRpMAX) - (0.05*IRpMAX)), 5.0,0)

Al NOOS5 N0OO8 0 0 0 0 Q O SRFLOP Vhigh=3.3

B§Set_Delay N00O€ DUT_GND V=delay(V(Q), 500n)

D1 DUT_GND VCC D

D2 DUT_GND Viout D

B§VSat_High NOO1 DUT_GND V=V (VCC)-0.3

VSat_Low N0O0O4 DUT_GND 500mV

¥Buffer N002 Vicut NOO1 N004 Vicut level.2 Avol=1lMeg GBW=10Meg Slew=10Meg ilimit=25m rail=0 Vos=0 phimargin=45 en=0 enk=0 in=0 ink=0 Rin=500Meg
Il VCC DUT_GND 25m

.model D D

.1lib C:\Users\khampton\OneDrive - AllegroMicro\Documents\LTspiceXVII\lib\cmp\standard.dio
.model NMOS NMOS

.model PMOS PMOS

.1lib C:\Users\khampton\OneDrive - AllegroMicro\Documents\LTspiceXVII\lib\cmp\standard.mos
.1ib opamp.sub

./1lib/sub/LTC.1lib

.model D1 D(vrev=€.5V)

.model D2 D(vrev=6.5V)

* ACS732 Sensor Schematic\n \nKasey Hampton + Wade Bussing\nFeb 2020

.param TLhyst=0.05*IRpMAX IRpMAX=40 sens=50m

.1ib UniversalOpampsZ2.sub

.backanno

.ends ACS732 Schematic

.end

4. Right click “.subckt”. Select “Create Symbol”.
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* X:\SystemEngineer\_ AST\Applications Enginesring\Current Sensor\Spice Models\ALLEGRO_ACS_LT\ACS732_Schematic.asc
[P 20S732 Schematic IP+ IP- DUT_GND VCC VOC FAULT Viout

Rp Run Curl+R
XSg amp Acl=100K GBW=1MEG

Bgq W] Halt CUH KD v=delay ({I (Rp) *{sens}* (V(Vec) /3.3)+(V(Vee) /2)}, .016u)

M2 Marching Waves » D7 NMOS 1=1u w=84u

BSC . =1f (I (Rp)>=( ((V(VOC) /V(VCC) ) *S*IRpMAX)), 5.0, 0)

el e T =if (I(Rp)<=(((V(VOC) /¥ (VCC))*5*IRpMAX) - (0.05*IRpMAX) ), 5.0,0)

R1 | View SPICE Error Log SRFLOP Vhigh=3.3

BSS V=delay (V(Q), 500n)

Dl | & cu Crl+X

D2

BEY = SoBY cC | =y (veo) —0.3

NEE Paste Ctrl+V mv

XBy _ - 004 viout level.2 Avol=lMeg GEW=10Meg Slew=10Meqg ilimit=25m rail=0 Vos=0 phimargin=45 en=0 enk=0 in=0 ink=0 Rin=500Meg
11 Undo 9

-mC Redo Shift+F9

. MF . e eDrive - AllegroMicro\Documents\LTspiceXVITI\lib\cmp\standard.dia

md in trl+

-mg Open .inc/.lib File

.11 roMicro\Documents\LTspiceXVII\lib\cmpi\standard.mos
BB Cicote Symbol

! Help me Edit

.mg

md Generate Expanded Listing

* A “\n \nKasey Hampton + Wade Bussing\nFeb 2020
.pa Ele ' IRpMAX=40 sens=50m

.14 |_ Float Window

-baw

.ends ACS732_sSchematic

.end

5. LTSpice will ask to automatically generate a symbol file. Select “Yes”.

LTspice XVl *

Do you wish to automatically create a symbaol that will netlist against
the subcircuit "ACS732_Schematic” and her 7 ports?

Yes Mo Cancel

6. The generated symbol file will be *.ASY file type. The name of the symbol file will have the same name
as the netlist: ACS followed by the three- or five-digit part number. The file should automatically be
saved in the following default file location:

C:\Users\User\Documents\LTspiceXVII\lib\sym\AutoGenerated.

(Note the user can also find the symbol library folders here: C:\Program Files\LTC\LTspiceXVI\lib\sym. If
the symbol does not default save to the documents folder above, save here.)

U n{:nﬁnﬁ
vcc
VOC

FAU LT
Viout

ACS732 Schematlc

IP+
IP-
'DUT_GND
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7. To place and use the generated current sensor model, open a new schematic by selecting the “New

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

File name: | ACS?32_TE5t_Bench.asc|

Save as type: |Schematics (*.asc) M
by

9. Before placing the current sensor block in the schematic, ensure that the "AutoGenerated" file location
(or the chosen save location of the symbol) is a Symbol Search Path. Locate the Control Panel in “Tools”
- “Control Panel”. Navigate to the “Sym. & Lib. Search Paths” tab. Add
“C:\Users\User\Documents\LTspiceXVII\lib\sym\AutoGenerated” to the Symbol Search Path.

& Control Panel x

;,E Operation ‘1‘ Hacks! ¥ Intemet
i Compression / Save Defaults 'ﬁ SPICE -5- Drafting Options
E’ﬂ Netist Options ‘@, Sym. & Lib. Search Paths i: Waveforms
Separate directories with semicolons or new lines
Symbol Search Path[’]
C:\Users\khampton'.Documents L Tepice XV I"ib \sym*AutoGenerat: %

Library Search Path[’]

Simulate | Tools Window Help

| (:-Em Copy bitmap to Clipbearc %

@ Write image to .emf file

2_Schematit

Control Panel
@ Color Preferences ["] Setting remembered between program invocations.
. Sync Release I Reset to Default Values
@ Export Netlist
OK Cancel Help

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

& (Tspice %Il - [Draft2]
1; File | Edit Hierarchy View Simulat

( Undo F9 | {

@ acs Redo  Shift+F9 2 Schem

An Tet T

.DP SPICE Directive$'

SPICE Analysis
$ Resistor ‘R
# Capacitor g
3 Inductor L'
$Dinde D'

:[} Component  F2

Piss. /aan

11. This will open the “Select Component Symbol” dialogue window. Open the “AutoGenerated” directory.
Select “OK” to place the symbol.
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Top Directory: | C:\Users\khampton\One Drive - AlegroMicro\Documents'LTs ~

X

Open this macromodel's test fixture

C:\Userstkhampton*OneDrive - AllegroMicro'\Documents'.L Tspice XVI['ibhsym®.

[‘J Select Component Symbol >
Top Directory: | C:\Users'khampton“OneDrive - AlegroMicro\Documents'\LTs ~
IP+ vec
P voc

FAULT
DUT_GND ) .
- Viout Open this macromodel's test fixture
[ACS732_Schematic |

C:\Users'\khamptonCOneDrive - AllegroMicrotDocuments'\L Tspica XV \ib\sym®!

[ADC] [References] e2 LED i
A BOA LT] [SpecialFunctions] F load I
[Switches] Femite Bead load2
CompaT=toTs bi Femite Bead2 lpnp
DAC] bi2 a Itime:
Digital] bv g2 mesfet
FiterProducts] cap h nif
Misc] caw ind nmos
[Opamps] cument ind2 nmos4
Optos] diode 15016750-2 npn
PowerProducts] e 1507637-2 npn2
< »
Cancel

Cancel

12. 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 ACS732 typical application. Each component,
including resistors and capacitors, current supplies, and voltage supplied, were placed by going to the

Select Component Symbol (F2), and placing the default LTSpice component.

L

=l
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DUT_GND

VCC
vOC
FAULT

Viout [ ——
ACS732_Schematic
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Changing Parameter Values

The sensitivity of the current sensor, and thus the maximum current, is user programmable. To change the
sensitivity of the sensor, right click on the symbol block. The “Component Attribute Editor” dialogue window will
appear. Locate the “SpicelLine” attribute, the sixth attribute on the list. Add the following variables to the line:
sens=VALUE IRpMAX=VALUE. The values of sensitivity and maximum current are per the device specific
datasheet and the sensor used in the customer specific application. Double click the Vis. column to show the
variable on the symbol.

=4

Open Symbol:| C:\Users'khamptonOneDrive - AlegroMicrotDocuments'LTsp

This ig the fourth attribute to appear on the netlist line.

Aitribute Value Vis. ™

1| Prefix X

2 | InstName n S

3 Spice Model

4 | Value ACST32 S

5 | Valug2

6 | Spiceline sens=50m IRpMAX=40 I X
Snicel ine? % N

Cancel OK

Ul
— IP+ VCC —
— IP- Vout —
— DUT_GND Filter;

ACS724
sens=50m IRpMAX=40

I
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Simulations

DC Analysis

Running a DC 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”.

[,‘1 Independent Current Source - 11 X
Functions DC Value
() (none)
I @PULSE(T 12 Tdelay Trise Trall Ton Period Neyclesk
() SINE(loffset lamp Freq Td Theta Phi Neycles)

Make this information visible on schematic:

(CJEXP(I112 Td1 Taul Td2 TauZ) Small signal AC analysis(.AC)
(O SFFM{loff lamp Fear MDI Fsig) AC Amplitude: |:|
CIPWLET i142i2..) ACPhase:| |
O PWL FILE: Browse Malke this information visible on schematic:
(O TABLE(Ww1i1v2i2..) Parasitic Properties
1A o This is an active load: []
12[A]: 10
Taelaylsk 10 Make this information visible on schematic:
Trise[s]: Tu
Trallls]: Tu
& Current Source - I1 X
Tonl[s]: m
Tperiod[s]:
Neye
e Additional PWL Paints
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 ]
Edit 4
Draft 4
Draw b
Waveforms 4

Edit Simulation Cmd.
Hierarchy 4 I 1

File v

[ Float Window

PULSE(O 10 10u 4u)

3. The “Edit Simulation Command” dialogue window will appear. Select the “Transient” tab. Enter a “Stop
time”. Click “OK”".
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[&F Edit Simulation Command K

Transient AC Analysis DCsweep MNoise DC Transfer DCop prit

Perform & nondinear, time-domain simulation

Stop time: 100u

Time to start saving data:

Maximum Timestep:

Start external DC supply voltages at 0V: [

Stop simulating if steady state is detected: [
reset T=0when steady state is detected

Step the load cument source: [

Skip initial operating point salution: []

Syrtax; tran <Tstop> [<option> [<option>] ...]

|.tran 100u ‘

Cancel

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

Ui J R2
I1 P+ vcce ok R1 Vi
vocC 10k /T
e FAULT -
PULSE(O 10 10u 4u 4u 1m) DUT_GND .. ] 5
Viout Viout R3
ACS732 1k

.tran 100u

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.

U1 J R2 R1
11 L IP+ VCC ok Vi

Bl w e ()
FAULT =
10u 4u 4u 1m) DUT_GND . L: 5
Viout 4 ut_~"R3
ACS732 1k
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Running an AC analysis allows the user to simulate the frequency response of the current sensor. To simulate

and view the frequency response of the sensor, follow the steps below.
1. Add a voltage supply to the schematic. Right click on the voltage supply component. Select “Advanced”.
Using the advanced settings of the voltage supply, the user can customize various characteristics of the

power supply. Add a value to the “AC Amplitude” characteristic. Click “Ok”.

[51 Voltage Source - V1

Canecel

Series Resistance[(] l:l
Advanced
L

X

[1] Independent Voltage Source - V1

Functions
®) (none)

() PULSE(V1 V2 Tdelay Trise Trall Ton Period Noycles)
() SINE(Voffset Vamp Freq Td Theta Phi Neycles)

(O EXP(VI V2 Td1 Taul Td2 Tau2)

() SFFM(Voff Vamp Fear MDI Fsig)

OPWLET v1t2v2.)

() PWLFILE:

Make this information visible on schematic

x
DC Value
DC value:
Make this information visible on schematic:
Small signal AC analysis{.AC)
AC Amplitude: 1 .|
AC Phase:

Make this information visible on schematic:

Parasitic Properties
Series Resistance[Q]: l:l
Parallel Capacitance[F]: l:l

Make this information visible on schematic:

N

Ensure all other components pins of the symbol are given values. If an analysis has already been run,

2.
take the steps below. If no simulation has been run, 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 chose

and customize the desired simulation.

a.

will appear.
b. Select the “AC Analysis” tab.

Input values for “Type of sweep”,

)y i

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

Number of points per decade”, “Start frequency”, and “Stop

frequency”. Note clicking “OK” will NOT implement the analysis.
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=

Transient AC Analysis DCsweep Noise

DC Transfer DC op prit

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

point.

Type of sweep:
MNumber of points per decade:
Start frequency:

Stop frequency:

100
1
10MEG

Syntax: .ac <oct, dec, lin> <Npoirts> <StartFreq> <EndFreq>

.ac dec 100 1k 10MEG

Cancel |
b (|

Copy the .ac command and click “Cancel”.

O = e

The “Edit Text on the Schematic” dialogue window will appear. Here, the user should add a new

line to the text window by typing Ctrl+M.
Paste the copied AC analysis on the secon

d line.

Before clicking “OK”, ensure the previous analysis is deleted or commented out. To comment

out an analysis, place a semicolon (;) in front of the unused analysis.

[ Edit Text on the Schematic: X
How to netlist this text Justification Font Size
() Comment Left w 1 5(defaut) Cancet
danc
(®) SPICE directive [ Vertical Text
o
) [ ir=n 100,
Y ‘ac dec 100 Tk 1MEG]

Type Ctd-Mto start a new line.

3. The simulation commands will update and appear

in the bottom left of the window.

U1 J R2
I1 I vcce ok R1 Vi
+ VOC 10k [T
i FAULT -
PULSE(0 10 10u 4u 4u 1m) DUT GND .. ] 5
Viout —Viout _>p3 AC 1
ACS732 1k
[;ltran 100u
(] D(O M

4. 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
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supply 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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