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Application Information

Using the A1330 in a Short Stroke Application

Abstract

This application note is a guide for using the A1330 angle
sensor IC for short stroke rotational position sensing, includ-
ing information on magnet choice and orientation. It will
outline the procedure for setting the EEPROM registers
needed for A1330 short stroke applications. Two appendices
are included, one that illustrates valid short stroke outputs
and functionality, and one that describes in full how to use
the Short Stroke Trim Tab in the Samples Programmer GUI.

Introduction

Accurate, low-cost, and noncontact rotational position sens-
ing is often achieved using a diametric puck magnet and a
magnetic sensor IC. The magnet is attached to the rotating
object and the sensor IC is positioned such that the face

of the magnet rotates parallel to the face of the sensor IC
package (see Figure 1). Short Stroke (or fine angle scaling)
is defined as magnetic angle rotations less than 360° to be
represented by a full-scale output from the IC. Achieving
full-scale output on sub-360° rotations allows the user to use
the entire dynamic range of the ADC. Applications that are
often ideal for short stroke include:

* pedal position

« fuel tank level sensing

* gear position

* throttle and/or valve position
 actuator position

The Allegro A1330 magnetic angle sensor IC is well-suited
for short stroke rotational position sensing because it pro-
vides advanced features such as:

* Analog/PWM Output: This configurable output allows
easy reading and validation.

* High and Low Angle Clamps: Adjustable output
saturation is highly configurable.

» User-Configurable Gain and Offset: To achieve full-scale
output with little input change, GAIN and PREGAIN
OFFSET provide the ideal solution.

*  Minimum and Maximum Angle Detection: Setting a
minimum and maximum angle in EEPROM can provide
a diagnostic check. It verifies the magnet is in a valid
operating position.

By Trevor Buys and William Wilkinson,
Allegro MicroSystems

Figure 1: Orientation of the Magnet to the Sensor IC

Basic System Configuration

The A1330 is available in an 8-pin TSSOP package, single
or stacked dual-die (recommended for systems requiring
redundancy), and measures the angle of the magnetic field
in the plane of the package.

With the magnet mounted directly above the package (as
shown in Figure 2), two different air gap definitions can be
used: Crystal Air Gap and Package Air Gap. For the remain-
der of this document, Package Air Gap is used to refer to air
gap. The CVH (Circular Vertical Hall) is located directly in
the center of the single die package and the two CVHs (in
the dual die package) are near the center (see datasheet for
specific measurement details).

Magnet

Package
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Figure 2: Air Gap Definition
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Designing the Magnetic System
for Rotational Sensing

The appropriate magnet size and nominal air gap is a key com-
ponent in angle sensing. The A1330 can sense magnetic fields up
to 1200 G, which means larger magnets can be used to diminish
any unwanted effects that stray fields may have on the system. In
the event that the field strength is above 1200 G, no damage will
be incurred on the device. Operating the A1330 in large magnetic
fields will also lower noise, improve angle accuracy, and increase
the effective resolution on the output signal of the IC. For
additional information on noise performance, refer to the Noise
section found later in this document.

Table 1: Short Stroke Registers

Register Name Short Hand Name Address Bits
Pregain Offset PREGAIN_OFFSET 0x3A 23:12
Short Stroke Enable SS 0x3B 25
Gain GAIN 0x3B 12:0
Clamp Enable CE 0x3C 25
Rollover Enable ROE 0x3C 24
Maximum Input MAX_INPUT 0x3C 23:12
Minimum Input MIN_INPUT 0x3C 11:0
Polarity Adjust PO 0x3D 24
Postgain Offset POSTGAIN_OFFSET 0x3D 23:12
Low Clamp LOW_CLAMP 0x3D 11:0
High Clamp HIGH_CLAMP 0x3D 5:0

PREGAIN_OFFSET

PREGAIN_OFFSET allows the angle to be zeroed, or remapped
to the magnet’s current location, prior to the application of the
gain. Often this is the first register that is programmed regardless
of stroke. PREGAIN_OFFSET is a 12-bit value (0-4095) located
in EEPROM 0x3B bits 13:24 with a resolution of 0.088°/bit.

Short Stroke and Programming Parameters

Depending on the end application and system requirements,
different parameters may be more essential than others. The fol-
lowing are the available programmable settings for short stroke
applications. The short stroke (SS) bit must be enabled to adjust
the GAIN and MIN/MAX INPUT registers.

Figure 3 represents a simplified version of the short stroke
flowchart and Table 1 are the available short stroke registers and
locations in EEPROM.
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Figure 3: High Level Short Stroke Flow Chart

POLARITY ADJUST

POLARITY ADJUST (PO) sets the polarity of the final angle
output. When set to ‘0°, the Angle In is the mechanical angle,
essentially bypassing this block. When set to “1°, the angle is
complemented (See Equation 1). POLARITY ADJUST is a single
bit located in EEPROM 0x3D bit 24. It is recommended to set the
PREGAIN_OFFSET prior to setting the POLARITY ADJUST.
This is due to the fact that PREGAIN OFFSET changes the
observed zero angle.

Equation 1: Polarity Adjust
Angle In = 360° — Mechanical Angle
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MIN_INPUT and MAX_INPUT

The IC compares the pregained angle value to the boundaries
set via the MIN_INPUT and MAX INPUT EEPROM fields. In
the event the angle is outside of the established boundaries, the
output will tristate to indicate an error caused by an unexpected
angle value. For this feature to work properly, either a pull-up or
pull-down resistor will need to be connected to the output. The
orientation of the resistor is dependent on the desired configura-
tion of the ECU.

This feature is useful for applications where clamping is

enabled and will otherwise mask excessive angular travel. MIN/
MAX INPUT are 12-bit values located in EEPROM 0x3C with a
resolution of 0.088°/bit.

GAIN

GAIN adjusts the output dynamic range of the device by adjust-
ing the slope of the output transfer function (mV/°). GAIN is
applied digitally and is capable of expanding an 11.25° input
angle to a full-scale output rotations (32x).

It should be noted in applications with high GAIN, the front end
noise will be proportionally amplified. In such cases, it is highly
recommended to use the Angle Averaging feature to minimize the
impact of noise (this is referenced later in this document).

GAIN is a 13-bit value located in EEPROM 0x3B bits 0:12 with
a resolution of 0.0039x per bit of additional gain, i.e. code 1 =
1.0039x of the original signal.

Calculating GAIN
Equation 2: GAIN

Desired Sensitivity

Original Full Scale Sensitivity

Equation 3: Original Full-Scale Sensitivity
475V -025V
360°

= Typical 0.0125V/°

Note: This parameter may change slightly from part to part.

Equation 4: Desired Sensitivity

Max Desired Output — Min Desired Output

Ending Angle — Beginning Angle

POSTGAIN_OFFSET

POSTGAIN OFFSET is similar to PREGAIN OFFSET with one
small caveat: it is used to offset the angle after the gain has been

applied. This register moves the output signal away from the 0°
position. See Figure 4 for graphical description and Equation 5 for
calculation. Often, POSTGAIN_OFFSET is used as a buffer at
the mechanical extremes. POSTGAIN OFFSET is a 12-bit value
located in EEPROM 0x3D bits 11:23 with a resolution of 0.088°.

In order to get the desired delayed transition point, use Equation 5
below. Figure 4 is a graphical representation of how POSTGAIN
OFFSET functions.

Equation 5: POSTGAIN OFFSET
(Desired Mechanical Offset from 0° x GAIN Value) — Low _Clamp (°)

HIGH_CLAMP =4V ——

| == Transfer Function |

Output Voltage

/Transition Point

| |
| | |
0° 30° 90°
Mechanical Encoder Position

LOW_CLAMP =1V ——

Figure 4: POSTGAIN_OFFSET
Achieving Figure 4 using Equation 5:
POSTGAIN OFFSET = (30° x 4) — 60°
POSTGAIN OFFSET = 120° — 60°
POSTGAIN OFFSET = 60°

Therefore based on Figure 4, in order to achieve 30° offset from
the zero angle, 60° of POSTGAIN OFFSET will be required.

LOW_CLAMP AND HIGH_CLAMP

The LOW_CLAMP and HIGH CLAMP specify the minimum
and maximum output voltage swing (or PWM duty cycle);

by default these values are set to 5% and 95% of V. Refer
to Table 2 and Table 3 for the appropriate code for output
clamps. Often, LOW/HIGH_CLAMP values are referred to in
volts; however, they can also be thought of in terms of pregain
(mechanical) valued angles. Both LOW_CLAMP and HIGH
CLAMP are 6-bit unsigned values, located in EEPROM 0x3D,
bits 0:5 (LOW_CLAMP) and 6:11 (HIGH_CLAMP).
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Table 2: LOW_CLAMP

Code Voltage App::l);igate T,g:?;gil Code Voltage Aplxz);ilr:ate T,g:?;gzl
0 Voutmin 0.0 0.25 32 Vourmin * 32% Ve 128.0 1.85
1 Vourany *+ 1% Vee 4.0 0.30 33 Vourmny * 33% Vee 131.9 1.90
2 Voutiny * 2% Vec 8.0 0.35 34 Vourminy +34% Ve 136.0 1.95
3 Voutminy + 3% Vee 12.0 0.40 35 Voutouiny + 35% Ve 139.9 2.00
4 Voutminy + 4% Vee 16.0 0.45 36 Voutoviny + 36% Ve 144.0 2.05
5 Vourming * 5% Vee 20.0 0.50 37 Vourmin * 37% Ve 147.9 2.10
6 Vourming *+ 6% Vee 24.0 0.55 38 Vourmny * 38% Ve 152.0 2.15
7 Vouriny + 7% Vee 27.9 0.60 39 Vourminy +39% Ve 155.9 2.20
8 Voutminy + 8% Vee 32.0 0.65 40 Voutauiny +40% Ve 160.0 2.25
9 Voutminy + 9% Vee 35.9 0.70 41 Voutouiny +41% Vee 163.9 2.30
10 Voutminy + 10% Ve 40.0 0.75 42 Vourminy + 42% Ve 168.0 2.35
11 Voutminy + 11% Ve 43.9 0.80 43 Voutouiny +43% Ve 171.9 2.40
12 Vourminy + 12% Ve 48.0 0.85 44 Voutminy + 44% Ve 176.0 2.45
13 Voutin * 13% Vee 51.9 0.90 45 Vourm + 45% Vee 179.9 250
14 Vourminy + 14% Ve 56.0 0.95 46 Voutoiny +46% Ve 184.0 2.55
15 Voutminy + 19% Ve 59.9 1.00 47 Vourminy * 47% Ve 187.9 2.60
16 Vourminy + 16% Ve 64.0 1.05 48 Voutoiny +48% Ve 192.0 2.65
17 Vourminy * 17% Ve 67.9 1.10 49 Voutmiy + 49% Ve 195.9 2.70
18 Voutin * 18% Ve 72.0 1.15 50 Vourny + 50% Ve 200.0 2.75
19 Voutminy * 19% Ve 75.9 1.20 51 Voutouiny + 51% Ve 203.9 2.80
20 Voutiny + 20% Vee 80.0 1.25 52 Vourmin * 52% Ve 207.9 2.85
21 Vourmny * 21% Ve 83.9 1.30 53 Vourmny * 53% Vee 211.9 2.90
22 Vourminy + 22% Ve 88.0 1.35 54 Voutminy + 54% Ve 215.9 2.95
23 Voutiny * 23% Ve 91.9 1.40 55 Vourny * 55% Ve 219.9 3.00
24 Vourming * 24% Ve 96.0 1.45 56 Vourmny *+ 56% Vee 223.9 3.05
25 Voutiny * 25% Vee 99.9 1.50 57 Vourmin * 57% Ve 227.9 3.10
26 Voutminy + 26% Ve 104.0 1.55 58 Voutouiny + 58% Ve 231.9 3.15
27 Voutiny + 27% Vee 107.9 1.60 59 Vourming *+ 59% Vee 235.9 3.20
28 Voutiny + 28% Ve 112.0 1.65 60 Vourny + 60% Ve 239.9 3.25
29 Voutminy + 29% Ve 115.9 1.70 61 Voutouiny + 61% Ve 243.9 3.30
30 Vourming * 30% Ve 120.0 1.75 62 Vourmin * 62% Ve 247.9 3.35
31 Vourminy * 31% Ve 123.9 1.80 63 Voutoiny + 63% Ve 251.9 3.40
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Table 3: HIGH_CLAMP

Code Voltage App::l);igate T,g:?;gil Code Voltage Aplxz);ilr:ate T,g:?;gzl
0 Voutmax) 359.9 4.75 32 Voutmax) —32% Ve 232.0 3.15
1 Voutmaxy = 1% Vee 356.0 4.70 33 Voutmax) — 33% Ve 228.0 3.10
2 Voutmaxy — 2% Vee 351.9 4.65 34 Voutmaxy — 34% Ve 224.0 3.05
3 Voutmax) — 3% Vec 348.0 4.60 35 Voutmax) — 35% Ve 220.0 3.00
4 Voutmmaxy —4% Vee 343.9 4.55 36 Voutmax) — 36% Ve 216.0 2.95
5 Vourmax) — 5% Vee 340.0 4.50 37 Voutmaxy — 37% Ve 212.0 2.90
6 Voutmaxy — 6% Vee 335.9 4.45 38 Voutmax) — 38% Ve 208.0 2.85
7 Voutmaxy = 7% Vee 332.0 4.40 39 Voutmaxy — 39% Ve 204.0 2.80
8 Vourmax) — 8% Vec 327.9 4.35 40 Voutmax) —40% Ve 200.0 2.75
9 Voutmaxy — 9% Vee 324.0 4.30 Y| Voutmax)y —41% Vee 196.0 2.70
10 Voutmax) — 10% Ve 319.9 4.25 42 Voutmax) —42% Ve 192.0 2.65
11 Voutmmaxy — 11% Vee 316.0 4.20 43 Vourmax) —43% Ve 188.0 2.60
12 Voutmaxy — 12% Ve 311.9 4.15 44 Voutmax) — 44% Ve 184.0 2.55
13 Voutmax) — 13% Ve 308.0 4.10 45 Voutmax) — 45% Ve 180.0 2.50
14 Voutmmaxy — 14% Vee 303.9 4.05 46 Voutmax) —46% Ve 176.0 2.45
15 Voutmax) — 15% Ve 300.0 4.00 47 Voutmaxy —47% Ve 172.0 2.40
16 Voutmmaxy — 16% Ve 295.9 3.95 48 Vourmax) —48% Ve 168.0 2.35
17 Voutmaxy = 17% Ve 292.0 3.90 49 Voutmaxy —49% Ve 164.0 2.30
18 Voutmax) — 18% Ve 287.9 3.85 50 Voutmax) — 90% Ve 160.0 2.25
19 Voutmmaxy — 19% Vee 284.0 3.80 51 Voutmax) —51% Vee 156.0 2.20

20 Voutmax) — 20% Ve 279.9 3.75 52 Voutmax) —92% Ve 152.1 2.15
21 Voutmmaxy — 21% Vee 276.0 3.70 53 Voutmax) — 53% Ve 148.0 2.10
22 Voutmax) — 22% Ve 271.9 3.65 54 Voutmaxy —94% Ve 144 .1 2.05
23 Voutmax) — 23% Ve 268.0 3.60 55 Voutmax) — 95% Ve 140.0 2.00
24 Voutmmaxy — 24% Ve 263.9 3.55 56 Voutmax) — 56% Ve 136.1 1.95
25 Voutmax) — 25% Ve 260.0 3.50 57 Voutmaxy —57% Ve 132.0 1.90
26 Voutmmax) — 26% Ve 255.9 3.45 58 Vourmax) — 58% Ve 128.1 1.85
27 Voutmax) = 27% Ve 252.0 3.40 59 Voutmaxy —99% Ve 124.0 1.80
28 Voutmax) — 28% Ve 247.9 3.35 60 Voutmax) — 60% Ve 120.1 1.75
29 Voutmmaxy = 29% Ve 244.0 3.30 61 Voutmax) —61% Vee 116.0 1.70
30 Voutmax) — 30% Ve 240.0 3.25 62 Voutmax) — 62% Ve 1121 1.65
31 Voutmmaxy = 31% Vee 236.0 3.20 63 Vourmax) — 63% Ve 108.0 1.60
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Clamp Enable and Rollover Enable

Rollover Enable (ROE) is a programmable setting which allows
the output to return to a low state after reaching the high state (or
vice versa). This can be done with or without a clamp. The Clamp
Enable bit (CE) enables the HIGH/LOW_CLAMP to be adjusted
and by default they are set to 5% and 95% of V. The rollover
and clamp enable (CE) bits are located in EEPROM 0x3C, bits
24 and 25 respectively. Refer to Table 4 for the various iterations
of clamps and rollover. Figure 5 and Figure 6 compare the output
with and without clamping/rollover.

Table 4: Clamping and Rollover Selection

CE ROE Description
0 0 Normal behavior.
Rollover at standard module 360.
0 1 Output rollover at the High and Low Clamp
values.
1 0 Output clamps at the first encountered High/
Low Clamp value.
1 1 Rollover occurs at standard module 360.
Output is clamped to High/Low Clamps value.
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Figure 5: Clamping With and Without Rollover
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Table 5: Clamping Settings

Register Name Code Value
PREGAIN_OFFSET 0 0
GAIN 768 4x
LOW_CLAMP 10 40°
HIGH_CLAMP 10 320°

Short Stroke Example

Programming the A1330 in a short stroke application can be done
using ASEK?20. For more information regarding the ASEK20,
refer to the Allegro A1330 Samples Programmer User Manual.
Figure 7 is the output for this example configuration. The output
profile will hold a low clamp (1 V and 0.5 V) until 20° of rotation
has occurred, then each die will ramp at different rates (50 mV/°
and 25 mV/°) for an additional 60°, at which point the two dies
will hold a high clamp for 20°.

4.5
4.0
3.5
3.0
25
2.0
1.5
1.0
0.5

0

0 10 20 30 40 50 60 70 80 90
Input Angle (degrees)

== Die 1
== Die 2

Output Voltage (V)

100

Figure 7: Example Application Output

There are two methods to program the A1330 using the Samples
Programmer. The first method is to use the Short Stroke Trim

tab (see Figure 8). This method will be covered in Appendix B.
The other method is through the EEPROM tab. By using the
EEPROM tab, registers not available in the Short Stroke Trim tab
are made available.

1 1
1 1
1 1
1 1 4l
s 3 1 ’ 3 Ao ALT30 Samle rogammer EE==
[ I I File Edit Setup actory  Help
3 1 1 [DEMO [ EEPROM ShortSioke Trim | Operatonsi]
S, 1 + T
1 1 = CE=0, ROE=0 " ) . ) © [ e
i 1 = = CE=0, ROE=1 °/ X &l o
H ) l R i3 oot pononz R —
11 1, Input ucmi: »359912 v 0000 Jsaawf
Low Clamp J )0 T AUEERUIRENNIN MUSINON Ny AU MU N 4 .l’ ................... Desired 00002 399122 T— o551 96T Power )
Uik Acions: [ lmp ] Reover Uit Acins: 7 lamp | Raover
00 50 100 150 200 250 300 350 ::m‘a Die Percentage O::S . SetPosiion 1| | Selew:jz .v:i ZZZ
Input Angle (degrees) o =
Start Reads. Stop Reads. - & Output
. . . . . B - P
Figure 6: No Clamping With and Without i, L~ Voot
Rollover Enable FRS —
Note that in Figure 6, there are more high to low clamp values e
than shown in Figure 5; this is due to the LOW_CLAMP and - -
HIGH CLAMP. The settings used to create Figure 5 and Figure
6 were: Figure 8: Short Stroke Tab
6
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Figure 7 is an example of a commonly used pedal position
output. Die 2 is set to be 50% of Die 1; this is often for safety
requirements. The microprocessor will verify the angle readings
by dividing Die | from Die 2.

Equation 6: GAIN Calculation

Original Full-Scale Sensitivity = Typical 0.0125 V/°

Equation 7:
4V-1V 3V

Desired Sensitivity = 30°-20° _ 60° 0.05V/
Equation 8:
Desired Sensitivity 0.05
GAIN =

Original Full Scale Sensitivity T 00125
The A1330 must meet these specifications:

Table 6: EEPROM Values

Register Die 1 Die 2
Code Value Code Value
SS 1 TRUE 1 TRUE
GAIN 768 4 256 2
POSTGAIN_OFFSET 455 40 228 20
LOW_CLAMP 10 40 5 20
HIGH_CLAMP 10 320 56 136
CE 1 TRUE TRUE
ROE FALSE FALSE
PO 0 FALSE FALSE

Programming Procedure
1. Start the Programmer and Setting the Zero Angle:

a. Connect the A1330 to the ASEK20 (see Figure 9), and con-
nect the ASEK20 to your computer.

Figure 9: A1330 on a Daughter Card
plugged into an ASEK20

b. Start the Samples Programmer software and power on the
A1330. With the magnet above the A1330 package, press the

power on (using a button on the right side of the GUI). Read
the output by pressing either the ‘Read Output’ (located on
the right), ‘Read Once’ (located top left of the GUI) or ‘Start
Reads’ (located at the top left of the GUI,; this will poll the
sensor at even intervals from EEPROM).

S Alegro A1330 Sample Programmer e
File Edit Setup Scripts Factory Help
DEMO | EEPROM | Shot Stroke Trim | Operational
Actions )
0 Q| Toseoe  @owie
Read Once:
Ouput
= il .
Siop Reads .
Votage Supply V] 50003
Power OF Power On
270 90 Ve 4864
e Al 19629
Die2 -
Ouput
‘Angle (Degrees] 208281
Voltage [V] 3835
180
Die 1 Die 2 —
Angle Degrees] 108.457 Zero Angle Angle Degrees] 288281 Zoro Angie Read Ouiput
Voltage [V] 1.724 Voliage [V] 3835
[comio|

Figure 10: A1330 Sample Programmer Demo Tab

c. To remap the A1330 to the 0° position at the magnet’s cur-
rent angle location, use the ‘Zero Angle’ button located at the
bottom left of the window. This will adjust the PREGAIN
OFFSET register value and reassign 0° to this location.

2. EEPROM Programming: The EEPROM tab contain all the
registers that are available to the user. The pull-down menu
located near the top left can be adjusted to All Memory Loca-
tions, All Fields, or Short Stroke Fields. Select Short Stroke
Fields.

a. Short Stroke Fields: The Short Stroke Fields menu selected
on the EEPROM tab contains the collection of registers
meant for short stroke applications. In order to achieve the
example application, apply the values found in Table 7 into
the EEPROM registers. Figure 11 and Figure 12 are the actual
values found in EEPROM.

Table 7: Values to Write into EEPROM for Both Dies

Register Die 1 Die 2
Code Value Code Value
SS 1 TRUE 1 TRUE
GAIN 768 4x 256 2x
PREGAIN_OFFSET 1240 109° 1189 104.5°
POSTGAIN_OFFSET 455 40° 228 20°
LOW_CLAMP 10 40° 5 20°
HIGH_CLAMP 10 320° 56 136°
CE 1 TRUE 1 TRUE
ROE 0 FALSE 0 FALSE
PO 0 FALSE 0 FALSE

Note: The PREGAIN_OFFSET value was the initial angle read from the
A1330 prior to any gain or clamp values.
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Select Name Code Value Units

[¥] |PREGAIN_OFFSET 1240 108 984 | Degrees

V] |GAN 768 4 Multiplicatio.

V] |ss 1 true

V] [MIN_INPUT 114 10.020 Degrees

V] [MAX_INPUT 1024 90.000 | Degrees

[v] |rOE 0 false

V] |ce 1 true

¥ |Low_cLamp 15 60000 | Degrees

V] |HIGH_CLAMP 15 300.000 | Degrees

V] | POSTGAIN_OFFSET 455 39.990 Degrees

¥ po 0 false
Figure 11: Die 1 (Full Scale) Short Stroke

EEPROM Settings

Select Name Code Value Units
[Vl | PREGAIN_OFFSET 1189 104.502 Degrees
¥ GAN 256 2 Multiplicatio.
V] |ss 1 true

V] |MIN_INPUT 114 10.020 Degrees
V] |MAX_INPUT 1024 90.000 | Degrees
] |roE 0 false

¥ |ce 1 true

vl Low_cLamP 5 20.000 | Degrees
[Vl HIGH_CLAMP 56 136.000 Degrees
[Vl |POSTGAIN_OFFSET 228 20.039 | Degrees
¥ |ro 0 false

Figure 12: Die 2 (Half Scale) Short Stroke
EEPROM Settings

3. Verify the Output: In order to verify that the EEPROM set-
tings were correct, connect DMMs (Digital Multimeter) to the
outputs and sweep the angle rotation. Any adjustments that need
to be made to the transition points should be done by changing
the POSTGAIN_OFFSET. POSTGAIN OFFSET is directly
correlated to the GAIN value, for instance, in order to get 1°
mechanical change for Die 1, roughly 4° of POSTGAIN_OFF-
SET is needed.

Therefore, these are the needed values for POSTGAIN OFFSET:

Die 1 (Full Scale)

POSTGAIN_OFFSET = (20° x 4) — 40° = 40°
Die 2 (Half Scale)

POSTGAIN_OFFSET = (20° x 2) —20° = 20°

Often, POSTGAIN_OFFSET is used as a buffer at the mechani-
cal extremes.

4. Setting Minimum and Maximum Input: Setting minimum and
maximum input limits on the system serves as a warning to the
user that the magnet has gone into a position it was not intended
to travel. These values for minimum and maximum input are
pregain values; therefore, with this example, appropriate values
might be:

 MIN INPUT = 10°
« MAX INPUT =90°

If the magnet goes into either range (i.e. below minimum input,
10°, or above maximum input, 90°) then the output tristates.
Once the magnet returns to an appropriate angle, then the output
will return to normal operation.

Results

The magnet used in the application example was an 8 mm
(width) x 3 mm (thickness) N35 nickel-plated rare-earth magnet
that was magnetized through the diameter; see Figure 13 for the
magnet strengths over different air gaps. The air gaps tested were
between 1 mm and 1.5 mm.

The following are results and data gathered using the settings in
the previous section.

1500

1000

Field Strength (G)
(3.
=3
o

0 1 2 3 4 5 6 7
Air Gap (mm)

Figure 13: Measured Field Strength over Air Gap with
an 8 mm Disc Magnet

Angle Accuracy

Determining the accuracy of the A1330 Short Stroke requires an
ideal case. In this application note, the curves shown in Figure 7
will be considered ideal, zero error output curves. For an accurate
comparison, only the linear slope will be considered (minus the
two transition points).

25

— Die 1
20 | — pie2
15

5

Angle Error (mV)
o

20 30 40 50 60 70 80
Encoder Position (degrees)

Figure 14: Angle Accuracy over Encoder Position
Figure 14 was calculated using Equation 9 below:
Equation 9: Angle Error

Error Die 1 = Ideal Die | — Measured Die 1

Error Die 2 = Ideal Die 2 — Measured Die 2

The nominal sensitivity for the A1330 is roughly 12.5 mV/°;
however, because each dic has a different gain value, the sensitiv-
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ity changes accordingly. For Die 1, output the new sensitivity is
50 mV/° and the sensitivity for Die 2 output is 25 mV/°. There-
fore, in order to be within 1° of angle error, each output must be
within 50 mV and 25 mV of the ideal output, respectively.

The Die 1 output has a maximum error of 11 mV and the half-
scale output has maximum error of 13 mV. Therefore, each output
is considerably under 1° of error, that is, 0.22° error for Die 1 and
0.52° error for Die 2.

0.7
== 150°C
0.6 == 25°C
== —40°C
__ 05
]
3
e
> 0.4
]
Z
$ 03
°
z
0.2
0.1
0
100 200 300 400 500 600 700 800 900

Field Strength (G)

Figure 15: Noise (1 o) vs. Field Strength
over Temperatures (ANG_AVG = 0)

Depending on the end application and the speed at which the out-
put of the sensor needs to be sampled, adjusting the Angle Aver-
aging register can significantly reduce the noise on the output of
the IC (see Table 8 and Figure 16), as well increasing the overall
field strength observed by the A1330 (see Figure 16). For the
example, in this document, an ANG_AVE set to 000 was used,
meaning data was refreshed every 25 us at the output of the IC,
and had between 8-10 ENOB. For most applications, setting the
ANG_AVE = 4 would be more than adequate, as it would provide
a fast enough refresh rate for the user and would lower the noise.

Table 8: Angle Averaging

ANG_AVE [2:0] Q”anﬂt‘ye‘r’;:ea;"p'es Refresh Rate (us)

000 1 25

001 2 50

010 4 100
011 8 200
100 16 400
101 32 800
110 64 1600
11 128 3200

1.5

-
a
=)

N
e
)]

-
o
o

Effective Number of Bits (ENOB)

9.5 = 300 G @ 25°C
— 600 G @ 25°C
9.0 900 G @ 25°C
— 300G @ 150°C
8.5 — 600 G @ 150°C
900 G @ 150°C
8.0, 1 2 3 4 5 6 7

ANG AVE Setting

Figure 16: Measured ENOB at Various Fields
and Temperatures

Conclusion

The A1330 magnetic angle sensor IC works well in short stroke
applications when one needs a full-scale output in sub-360° mag-
net rotation. The CVH-based angle sensor ICs, specifically the
A1330, are well-suited for short-stroked applications, as they can
operate in low and high magnetic fields. The small, 8-pin TSSOP
package is great for applications with limited PCB space. The
A1330 provides adjustable internal averaging, allowing response
time to be traded for resolution. With minimal components
needed external to the sensor IC, the A1330 is a low-cost solution
for any short stroke application.
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APPENDIX A

This appendix highlights an additional Short Stroke configura-
tions that the A1330 can accomplish. Note this configuration is a
generic iteration of an actual output.

CONFIGURATION A

HIGH_CLAMP =4.5V——

Output Voltage

LOW_CLAMP =0.5V—-

— —
110°  130°

Encoder Position

Figure 17: Output of Configuration A

Configuration A is a common output for throttle position sensing.
When added together, the outputs always result in the same value.
This adds redundancy that is often required for safety require-
ments. A check within the microprocessor can verify the outputs
and alert the user if there is an issue.

To achieve Configuration A, follow these steps:

1. Connect the ASEK20 and use the A1330 software found on
the software portal.

2. Verity that the COM port is communicating with the soft-
ware. This can be seen by a green bar in the lower right of
the software window. If the bar is red, click on it and a new
window will appear. Select the correct COM port and click
‘OK”.

3. Select the dual die and analog or PWM output. Power on
the device by clicking ‘Power On’ located on the right of the
window.

4. With a magnet in place, select ‘Read Output’. This will
indicate what the magnet is currently reading. Select ‘Zero
Offset’ to remap the A1330’s 0° angle reading to the current
magnet angle location. This will be apparent if you read the
EEPROM registers, specifically PREGAIN OFFSET.

5. Select the ‘EEPROM’ tab. On the pull menu, select ‘Short
Stroke Fields’. This shows just the registers that pertain to
short stroke.

The following are the registers and values needed to create Con-
figuration A (see Table 9 for complete EEPROM register values):

Die 1:
45V-05V B 4V

Desired Sensitivity = 10°—20° _ 90° 0.0444 v/
GAIN = 0.0444 3.456
0.0125
POSTGAIN OFFSET = (20° x 3.546) — 20°
POSTGAIN OFFSET = 51°
Die 2:
Desired Sensitivity =~ 02V 2V haagype
esired Sensitivity = 110°—20° 900
GAIN = 0.0049_ 3.456
0.0125

POSTGAIN OFFSET = (20° x 3.546) — 20°
POSTGAIN OFFSET =51°

Table 9: EEPROM Register Values for Configuration A

Register Die 1 Die 2
Code Value Code Value
SS 1 TRUE 1 TRUE
GAIN 651 3.54 651 3.54
PREGAIN_OFFSET 0 0 1480* 130*
POSTGAIN_OFFSET 580 51 580 51
LOW_CLAMP 5 20 5 20
HIGH_CLAMP 5 340 5 340
CE 1 TRUE 1 TRUE
ROE 0 FALSE 0 FALSE
PO 0 FALSE 1 TRUE

*Note that these will likely be some value determined by the position of
the magnet.
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APPENDIX B b. Desired Position 1/2. Used to determine the GAIN of the

. . . ) transfer function.
The Short Stroke Trim tab is a gateway into programming the

A1330 for short stroke outputs. This appendix will highlight the c. Limits Position 1/2. Determines the clamp values. If clamps
main points of the Short Stroke Trim tab (Figure 18). Some reg- are not being used, leave the values at the extremes.
isters are not available in this tab, namely, ANG AVE, BW_SEL,

X . d. Limit Actions — Clamp and/or Rollover. Enables Clamps
and MIN/MAX INPUT. To adjust those registers, refer to the

and/or Rollover depending on whether the box has been

EEPROM tab in the GUI.
checked.
&7 Allegro A1330 Sample Programmer = |5 . .
e G seun Sros_focoy e e. Offset. Provides an offset from what is called zero degrees;
DEMO] EEPROM) ShortStioke Trn | Operational . . . . .
@ U eomm refer to Post Gain Offset in the main application note.
9 /S e ,/ Custom
Postion 1 Posiion2 Positon 1 Inpot Uit O DEMO | EEPROM| ShortStroke Trim | 0y 1
Input = 0000 = 33312 Input = \u:rt-e = ® Analog P o I ort Stroke Trim | Operational
Desired: 0000/% 3599122 Desired: 3953 Ouipus Uris: Power B 0
. e e )| Vo1 | som: o / X e s Custom
sl o P P —— . S . - —
oreet o0z ot el 4807 Input 0000 359912 Input 0000, 359912 Degrees v
coond i P = e T - — : : Erre—
! . I Desired 0250 47502 Desiredt 049 2250 Outpuat Uiz
Verify ) . Dol = - - — f— P 3
StartReads | | Siop Reads s Limits 02505 47505 Limits: 0459 2250 Volis =
= ‘Angle [Degrees] Limit Actions: T Clamp ] Rallover Limit Actions: Clamp Rollover
g2 Y Offset 00002 Offset 00002
g Second Die Percentage 5000012 Set Position 1 Set Position 2
) I Read Output Vi
_- ‘erify 475
Input [Degrees] -
_ Instructions — 3.625
1. Click "Start Reads" 2 j
2. Move the magnetto Position 1. = 25 -
3. Click "Set Position 1" E g - -~
. . . 4 Move the magnetto Position 2. 3 A
Figure 18: Short Stroke Trim Tab 5 Cick St Postion ' S s -’
6. Click "Stop Reads" P
To verify the results of the calculations. - -
PROGRAMMING THE A1330 USING 2 Viote e magnetand verty e it s 72 4s 216 288 360
3. Click "Stop Reads".
THE SHORT STROKE TRIM TAB A e e

1. With the Allegro A1330 Samples Programmer open, COM con- Figure 19: Short Stroke Trim Tab — Output Units Volts
nected (indicated by a green box in the lower right corner of the

window), device powered on, and the magnet located directly over
the device, navigate to the Short Stroke Trim tab in the upper left
corner of the window.

5. With all the corresponding user inputs (Desired, Limits, Limit
Actions) set and the magnet in the second position, select Set
Position 2. This will not only record the second position but will
also perform all the EEPROM writing with the correct values. It
2. There are three generic outputs and a custom output. Select the  js imperative that the magnet stays in Position 2 until the pro-
output that corresponds with the desired output (often this will be  gramming is complete. This is to ensure that the programming is

Custom). as accurate as possible.
3. There are two methods for thinking about the output: in m Q
degrees or in volts/PWM duty cycle. For this walkthrough, the °/ ! - P‘z 4 S . _ -
output units will be in volts. This can be manipulated by adjust- it 7308 72258 s o0 wsz Degrees ]
ing the pull-down menu under Output Units. By changing the Desred — i Desies: Desel 2o Ouput s
output units from degrees to volts, the values stored in Desired T —— e ——— e
Position 1/2 and Limits Position 1/2 will be adjusted to the cor- Ofiet ooods ofiset I
rect corresponding values (i.e. 359° = 4.75 V). Second i Persniess o ipaens,) [onpomiona,)
Verify
4. With the output units changed to volts, the window will look | sanroats || SipRosss e
like Figure 19. Located in the “Trim’ box are several options. paneions =l 1 e
2 Move the magnetto Position 1 -
a. Set Position 1/2. Reads the smallest and largest angle values EEiEIEEZ‘é"“ H ‘
from the magnet rotation. This will autopopulate Input Position - ~""" RV
1/2. It is advised to update the other fields (i.e. Desired, Limits, %@:tgﬁg}:{dww R o
Limit Actions) before selecting Set Position 2. Once Set Posi- . e

tion 2 has been selected, the device will use the other fields to Figure 20: Adjusted Values in the Short Stroke Trim Tab
determine the EEPROM settings.
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Select Name Code Value Units
[v] |PREGAIN_OFFSET 833 73.213 | Degrees
v GAN 619 | 3.41796875 Multiplicatio...
z‘ 88 1 true

¥ IMIN_INPUT 0 0.000 Degrees
V] |MAX_INPUT 0 0.000 Degrees
v |ROE 0 false

E CE 1 true

v |Low_cLAamP 0 0.000 |Degrees
V] |HIGH_CLAMP 0 360.000 Degrees
7| | POSTGAIN_OFFSET 0 0.000 Degrees
v| |pO 0 false

Figure 21: EEPROM Values from the
Short Stroke Trim Tab

6. Finally, to verify that the solution is reasonably close to the
desired output, select Start Reads. This will begin to read the
output and will display indicators on the output transfer curve.
By rotating the magnet, the indicators will move. Selecting Stop
Reads will stop this feature.

4.75

3.625 A

2.5

Output [Volts]

1.375

0.25+
0 72 144 216 288 360

Input [Degrees]

Figure 22: Start and Stop Output Verification
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