MicroSystems, LLC

A1363

Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
With Advanced Temperature Compensation and High Bandwidth (120 kHz) Analog Output

FEATURES AND BENEFITS
Proprietary segmented linear interpolated temperature
compensation (TC) technology provides a typical
accuracy of 1% across the full operating temperature
range

* Customer programmable, high resolution offset and
sensitivity trim

» Factory programmed sensitivity and quiescent
output voltage TC with extremely stable temperature
performance

* High sensitivity Hall element for maximum accuracy

» Extremely low noise and high resolution achieved via
proprietary Hall element and low noise amplifier circuits

* 120 kHz nominal bandwidth achieved via proprietary
packaging and chopper stabilization techniques

» Patented circuits suppress IC output spiking during fast
current step inputs

Continued on the next page...

Package: 4-pin SIP (suffix KT)

' 1 mm case thickness

Not to scale

DESCRIPTION

The Allegro™ A1363 programmable linear Hall-effect
current sensor IC has been designed to achieve high accuracy
and resolution without compromising bandwidth. The goal
is achieved through new proprietary linearly interpolated
temperature compensation technology that is programmed
at the Allegro factory and provides sensitivity and offset that
are virtually flat across the full operating temperature range.
Temperature compensation is done in the digital domain with
integrated EEPROM technology, withoutsacrificing the analog
signal path 120 kHz bandwidth, making this device ideal for
HEV inverter, DC-to-DC converter, and electric power steering
(EPS) applications.

Thisratiometric Hall-effect sensor IC provides a voltage output
that is proportional to the applied magnetic field. The customer
can conFigure the sensitivity and quiescent (zero field) output
voltage through programming on the VCC and output pins, to
optimize performance in the end application. The quiescent
output voltage is user-adjustable around 50% of the supply
voltage, Vi, and the output sensitivity is adjustable within
the range of 0.6 to 14 mV/G.

The sensor IC incorporates a highly sensitive Hall element with
aBiCMOS interface integrated circuit that employs a low noise
small-signal high-gain amplifier, a clamped low-impedance

Continued on the next page...
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC

A1363

With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

Features and Benefits (continued)

* Open circuit detection on ground pin (broken wire)

* Undervoltage lockout for V¢ below specification

» Selectable sensitivity range between 0.6 and 14 mV/G through
use of coarse sensitivity programming bits

» Ratiometric sensitivity, quiescent voltage output, and clamps
for interfacing with application A-to-D converter (ADC)

* Precise recoverability after temperature cycling

* Output voltage clamps provide short circuit diagnostic
capabilities

*  Wide ambient temperature range: —40°C to 150°C

* Immune to mechanical stress

» Extremely thin package: 1 mm case thickness

*  AEC Q-100 automotive qualified

Selection Guide

Description (continued)

output stage, and a proprietary, high bandwidth dynamic offset
cancellation technique. These advances in Hall-effect technology
work together to provide an industry leading sensing resolution at
the full 120 kHz bandwidth. Broken ground wire detection as well as
user-selectable output voltage clamps also are built into this device,
for high reliability in automotive applications.

Device parameters are specified across an extended ambient
temperature range: —40°C to 150°C. The A1363 sensor IC is
provided in an extremely thin case (1 mm thick), 4-pin SIP (single
in-line package, suffix KT) that is lead (Pb) free, with 100% matte
tin lead frame plating.

Part Number Packing’

Sensitivity Range2
(mV/G)

A1363LKTTN-1-T 4000 pieces per 13-in. reel SENS_COARSE 00: 0.6 to 1.3
A1363LKTTN-2-T 4000 pieces per 13-in. reel SENS_COARSE 01: 1.3t02.9
A1363LKTTN-5-T 4000 pieces per 13-in. reel SENS COARSE 10: 2.9t0 6.4
A1363LKTTN-10-T 4000 pieces per 13-in. reel SENS_COARSE 11: 6.4 to 14

1 Contact Allegro for additional packing options

2 Allegro recommends against changing Coarse Sensitivity settings when programming devices that will be used in production. Each
A1363 has been Factory Temperature Compensated at a specific Sensitivity Range and changing coarse bits setting could cause sen-

sitivity drift through temperature range ,ASens+¢, to exceed specified limits..
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

SPECIFICATIONS
Absolute Maximum Ratings

Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee 6 \Y
Reverse Supply Voltage Vree -0.1 \%
Forward Output Voltage Vout 25 \
Reverse Output Voltage Vrout -0.1 \
Output Source Current louT(source) VOUT to GND 10 mA
Output Sink Current louTsink) VCC to VOUT 10 mA
Maximum Number of EEPROM Write Cycles | EEPROM,,(max) 100 cycle
Operating Ambient Temperature Ta L temperature range —40 to 150 °C
Storage Temperature Tsig —65 to 165 °C
Maximum Junction Temperature T,(max) 165 °C

J Terminal List Table

'\_,) Number Name Function
1 VCC Input power supply, use bypass capacitor to connect to ground; also used for

programming
2 VOUT Output signal, also used for programming
3 NC No connection; connect to GND for optimal ESD performance
4 GND Ground
11121 13| |4

Pin-out Diagram
(Ejector pin mark on
opposite side)

Allegro MicroSystems, LLC 3
115 Northeast Cutoff
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A1363

Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

Thermal Characteristics may require derating at maximum conditions, see application information

Characteristic Symbol Test Conditions* Value Unit
Package Thermal Resistance Reua On 1-layer PCB with exposed copper limited to solder pads 174 °C/W
*Additional thermal information available on the Allegro website

Power Dissipation versus Ambient Temperature

900

800 \\

700 \
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P

2 &
= 500 J s
iy >,
g 400 X,
T \
a2
2 300
a \
g 200 \
o)
o

100 \

o 1 1 1 1 T T T
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Temperature, Tp (°C)
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

OPERATING CHARACTERISTICS: valid through the full operating temperature range, Ta, Cgypass = 0.1 4F, Ve = 5V; un-
less otherwise specified

Characteristics | symbol Test Conditions Min. Typ. Max. Unit!
Electrical Characteristics
Supply Voltage Vee 4.5 5.0 5.5 \%
Supply Current lcc No load on VOUT - 10 15 mA
) Tp=25°C, C = Open, C_ = 1nF, Sens =
2 2 A » UBYPASS » L : _

Power-On Time tro 2 mV/G, constant magnetic field of 400 G - 8 HS
Temperature Compensation ¢ Tp=150°C, Cgypass = Open, C = 1 nF, Sens = 30 _ s
Power-On Time2 TC 2 mV/G, constant magnetic field of 400 G - H

Vuvion Ta = 25°C, V¢ rising and device function _ 4 _ v
Undervoltage Lockout (UVLO) enabled
Threshold? v T, = 25°C, Vi falling and device function ~ a5 ~ v

UVLOL | disabled i
t TA = 25°C, CBYPASS = Open, CL= 1 nF, Sens = _ 64 _ us
) ) UVLOE 2mV/G, V¢ Fall Time (5Vto 3V)=1.5ps

UVLO Enable/Disable Delay Time2 .

t TA= 25 C, CBYPASS = Open, CL= 1 nF, Sens = _ 14 _ us

UVLOD 2 mV/G, Vg Recover Time (3Vto 5V)=1.5pus

V Ta = 25°C, Vg risin - 2.6 - \Y
Power-On Reset Voltage? PORH A " ce - 9

VPORL TA =25 C, VCC falllng - 2.3 - \Y
Power-On Reset Release Time2 tPORR Tp =25°C, V¢ rising - 64 - us
Supply Zener Clamp Voltage V, Tpo=25°C, Igc =30 mA 6.5 7.5 - \%
Internal Bandwidth BW,; Small signal -3 dB, C =1 nF, T, =25°C - 120 - kHz
Chopping Frequency3 fc Tp=25°C - 500 - kHz

Output Characteristics

Propagation Delay Time?2 trp I;A =_ 215n'C:3,SrT; ?]%n_etécrl‘:c\e/l/dGstep of 400 G, - 22 - us
L= , =

. ) Ty = 25°C, magnetic field step of 400 G,
2 A - -
Rise Time &R C_=1nF, Sens =2 mV/G 3.6 us

) Ty = 25°C, magnetic field step of 400 G,
2 A — —
Response Time tRESPONSE C_ =1 nF, Sens = 2 mV/G 3.7 us

Tp = 25°C, Step magnetic field from 800 to

2 — —

Delay to Clamp fete | 1200 G, C_ = 1 nF, Sens = 2 mV/G 10 bs

Output V0|tage C|amp4 VCLP(HlGH) TA = 25°C, RL(PULLDWN) =10 kQ to GND 4.55 - 4.85 \Y
VCLP(LOW) TA = 25°C, RL(PULLUP) =10 kQ to VCC 0.15 - 0.45 \Y%

Output Saturation V0|tage2 VSAT(HlGH) TA =25°C, RL(PULLDWN) =10 kQ to GND 4.7 - - \
VSAT(LOW) TA = 2500, RL(PULLUP) =10 kQ to VCC - - 400 mV

Broken Wire Voltage? VerkHich) | Ta=25°C, Rypuiiup) = 10 kQ to VCC - Vee - v
VBRK(LOW) TA = 25°C, RL(PULLDWN) =10 kQ to GND - 100 - mV

Continued on the next page...
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

OPERATING CHARACTERISTICS (continued): valid through the full operating temperature range, Ty, Cgypass = 0.1 UF,
Vce = 5V; unless otherwise specified

Characteristics | Symbol | Test Conditions Min. Typ. Max. Unit?
Output Characteristics (continued)
Tp=25°C, CL =1 nF, BW; = BW,; - 1.1 _ mGrys/V(Hz)
Tp=25°C, CL =1 nF, Sens =2 mV/G,
Noise5 Vy BW; = BW, - 6.3 - MVpp
Tpo=25°C, CL=1nF, Sens =2 mV/G, _ 1 mv.
BW; = BW, - RMS
DC Output Resistance Rout - 9 - Q
R VOUT to VCC 4.7 - - kQ
Output Load Resistance LPULLUA)
R puLLown) | VOUT to GND 4.7 - - kQ
Output Load Capacitance® C. VOUT to GND - 1 10 nF
Output Slew Rate” SR Sens =2mV/G,C =1nF - 230 - Vims
Quiescent Voltage Output (Voyr(q)?
Initial Unprogrammed Quiescent — hEo
Voltage Output28 Voutynit | Ta=25°C 24 25 2.6 \Y
Quiescent Voltage Output _ opo
Programming Range249 Vout@pr | Ta=25°C 23 B 27 v
Quiescent Voltage Output .
Programming Bits 0 Qvo - 9 - bit
Average Quiescent Voltage Output _ hro
Programming Step Size211.12 Stepvour(q) | Ta=25°C 19 23 28 mv
Quiescent Voltage Output _ hro +0.5 x
Programming Resolution2.13 Erfeavout(@) | Ta=25°C B Stepyour(q) B mv
Sensitivity (Sens)2
SENS_COARSE =00, Ty = 25°C - 1 - mV/G
SENS_COARSE =01, Ty = 25°C - 22 - mV/G
Initial Unprogrammed Sensitivity8 Sens;,it SENS COARSE = 10, T. = 25°C a7 VG
_ =10, 1= - . - m
SENS_COARSE = 11, T, = 25°C - 9.6 - mV/G
SENS_COARSE =00, T, = 25°C 0.6 - 1.3 mV/G
o ) SENS_COARSE =01, Ty = 25°C 1.3 - 2.9 mV/G
Sensitivity Programming Range#9 Senspr SENS COARSE = 10.T. = 25°C 29 v VG
_ =10, 1a= . - . m
SENS_COARSE = 11, T, = 25°C 6.4 - 14 mV/G

Continued on the next page...
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

OPERATING CHARACTERISTICS (continued): valid through the full operating temperature range, Ty, Cgypass = 0.1 UF,
Vce = 5V; unless otherwise specified

Characteristics | Symbol | Test Conditions Min. Typ. Max. Unit1
Sensitivity Programming (continued)
Coarse Sensitivity Programming SENS_ _ 2 _ bit
Bits14 COARSE
Fine Sensitivity Programming Bits10 SENS_FINE - 9 - bit
SENS_COARSE =00, T, = 25°C 24 3.2 4.1 uVvIG
Average Fine Sensitivity Programming | ¢ SENS_COARSE =01, Tp = 25°C 5 6.6 8.5 HVIG
Step Size2.11,12 tePsens = = o5°
p SENS_COARSE =10, Ty = 25°C 1 14.2 18 uv/IG
SENS_COARSE = 11, T, = 25°C 22 29 38 pvIG
Sensitivity Programming — opo _ +0.5 x _
Resolution2.13 Erfeesens | Ta=25°C Stepsens WVIG
Factory Programmed Sensitivity Temperature Coefficient
Sensitivity Temperature Coefficient? TCsens Tp=150°C, Tp= —40°C, calculated relative to 25°C - 0 - %/°C
Sensitivity Drift Through Temperature |\« Ta=25°Cto 150°C 2.5 - 25 %
Range?2:9.15.:20 ¢ | T,=-40°Cto 25°C -3.0 - 3.0 %
Average Sensitivity Temperature _ _ o
Compensation Step Size Stepsenstc <03 %
Factory Programmed Quiescent Voltage Output Temperature Coefficient
Quiescent Voltage Output TC Tp=150°C, Tp=—-40°C, calculated relative to _ 0 _ mv/°eC
Temperature Coefficient? Qvo 25°C
Quiescent Voltage Output Drift AV Ta=25°Cto 150°C —15 - 15 mV
Through Temperature Range2.9.15 OUTQTE 1 = _40°C to 25°C -30 - 30 mvV
Average Quiescent Voltage
Output Temperature Compensation Stepquvotc - 2.3 - mV
Step Size
Continued on the next page...
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

OPERATING CHARACTERISTICS (continued): valid through the full operating temperature range, Ty, Cgypass = 0.1 UF,
Vce = 5V; unless otherwise specified

Characteristics | Symbol | Test Conditions | Min. | Typ. | Max. | Unit1

Lock Bit Programming
EEPROM Lock Bit | EELOCK | | - | 1 | - | nvi

Error Components

Linearity Sensitivity Error2.16 Lingrr -1 <025 1 %
Symmetry Sensitivity Error2 Symegrr -1 <+0.25 1 %
Ratiometry Quiescent Voltage Output R Through supply voltage range (relative to V¢ 1 0 1 Y
Error217 aterrvOUT(Q)| = 5 V) - o
Ratiometry Sensitivity Error2.17 Ratgrrsens Ihgcy)gh supply voltage range (relative to Ve -1.5 <0.5 15 %
Ratiometry Clamp Error2.18 RaterreLp gr{;‘;)u_lgh_s;goplcy voltage range (relative to V¢ = _ <410 _ %
y AT
Sensitivity Drift Due to Package ASens Tp = 25°C, after temperature cycling, 25°C to _ -1.25% _ %
Hysteresis?2 PKG | 150°C and back to 25°C 1.25 °

Sensitivity Drift Over Lifetime19 ASens ke Ta = 25°C, shift :_:\fterAEC Q100 grade 0 - +1 - %
qualification testing

11 G (gauss) = 0.1 mT (millitesla).

2See Characteristic Definitions section.

3fc varies up to approximately + 20% over the full operating ambient temperature range, Ta, and process.

4Sens, Vour(a) VoLrow): @nd Veip(igr) Scale with Ve due to ratiometry.

5Noise, measured in mVpp and in mVgys, is dependent on the sensitivity of the device.

60utput stability is maintained for capacitive loads as large as 10 nF.

"High-to-low transition of output voltage is a function of external load components and device sensitivity.

8Raw device characteristic values before any programming.

9Exceeding the specified ranges will cause sensitivity and Quiescent Voltage Output drift through the temperature range to deteriorate beyond the specified values.

10Refer to Functional Description section.

11Step size is larger than required, in order to provide for manufacturing spread. See Characteristic Definitions section.

12Non-ideal behavior in the programming DAC can cause the step size at each significant bit rollover code to be greater than twice the maximum specified value of
Stepyout(q) OF Stepsens:

130verall programming value accuracy. See Characteristic Definitions section.

14Each A1363 part number is factory programmed and temperature compensated at a different coarse sensitivity setting. Changing coarse bits setting could cause sensitiv-
ity drift through temperature range ,ASenst¢, to exceed specified limits.

15Allegro will be testing and temperature compensating each device at 150°C. Allegro will not be testing devices at —40°C. Temperature compensation codes will be applied
based on characterization data.
16Linearity applies to output voltage ranges of +2 V from the quiescent output for bidirectional devices.

17Percent change from actual value at V¢ = 5V, for a given temperature, through the supply voltage operating range.

18Percent change from actual value at V¢ = 5 V, Ty = 25°C, through the supply voltage operating range.

19Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits. Can not be guaranteed. Drift is a function of customer ap-
plication conditions. Please contact Allegro MicroSystems for further information.

20|ncludes sensitivity drift due to package hysteresis observed during factory testing.

_ammn Allegro MicroSystems, LLC 8
AN N ™ W
lle m " 115 Northeast Cutoff
] ’ o Worcester, Massachusetts 01615-0036 U.S.A.
" Ee MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

CHARACTERISTIC PERFORMANCE DATA

Response Time (tresponse)
400 G excitation signal with 10%-90% rise time = 1 us

Sensitivity = 2 mV/G, Caypass=0.1 uF, C,=1 nF
I

| Input = 400 G Excitation Signal

(o]

I
0% of Input |
| Output (Voyt, mV)

-
\

/i tRESPONSE = 3 7 usl ....................... L

80% of Output

c1

SCIM
500 mvidiv

Kl= 6308ns  Ax= 37244 ps
K2= 43552 s 1ikk= 268.50 kHz

Propagatlon Delay (tep)
400 G excitation signal with 10%-90% rise time = 1 ps
Sensitivity = 2 mV/G, Cgypass=0.1 uF, C,=1 nF

Input = 400 G Excitation Signal =

Output (Voyt, mV)

|
20% of Input —!L

tpp=2.2 us#»} //J
|
I

42dns  me 2 203 s
2= 20654 us X 452.73 kHz

Allegro MicroSystems, LLC 9
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
M\croSyslems LLC 1.508.853.5000; www.allegromicro.com

lM.




Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

Rise Time (tg)
400 G excitation signal with 10%-90% rise time = 1 us
Sensitivity = 2 mV/G, Cgypass=0.1 uF, C;=1 nF
' I
! I
: I
1 :

Input = 400 G Excitation Signal =

Output (Voyt, mV)

I
I
I
i

/ | 90% of Output
|

[

| tr=3.6 usi e
i |

! I
' ‘QIO% of Output|

m”"'”'”'7; |
! I
' I

FIE
500 myidiv
-1.

0oy

W= 16936 ps  Ax= 36412ps
K2= 53348 ps 1VAX= 27463 kHz

Power-On Time(tpq)
400 G constant excitation signal, with Ve 10%-90% rise time = 1.5 us
Sensitivity = 2 mV/G, Cgypass= Open, C, =1 nF

Supply (Vee, V)

.—‘IIL..VCC(min). o o o RII} o

I
tpo =78 pus I
[

A
y

[
| Output (Vouyr, V)
90% of Output

c3

|
I
|
|
I
|

Kl= 1.10ps A= TiT72ps
¥2= 78.82ps 1/A¥= 12.867 kHz
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
A1363 With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

UVLO Enable Time (t )
Vcc 5 V-3 Vfalltime = 1.5 ulsNLOE
Sensitivity = 2 mV/G, Cgypass= Open, C =1 nF

%___‘_____

V
uvLoL Supply (Vec, V)

tyviok = 63.6 Hs

A
Y

N Output (Vour, V)

.

c3

Cc2|

Output=0V ir
I

hase

10.0 kS 0 g S
K= 89982ps  Ax= B356ps
2= 1.06338ms 1/ax= 15733 kHz

UVLO Disable Time (ty, op)
Vce 3 V-5 Vrecovery time = 1.5 ps
Sensitivity = 2 mV/G, Caypass= Open,C=1nF

Supply (Vcc, V)

— Vec(min)

|

; |
tuviop = 12 ps !
|

|

90% of Output{_’ T

Output (Vour, V)

c3

Ly [ ._:.__<|5._._._._-_-_._bl‘s.]f:ﬁ;_-_._

0.0kS 200MSisjEdge  Positive
w= 336ns  Ax= 11.860ps
2= 12195 s 1/4¥= 8432 kHz
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
With Advanced Temperature Compensation
And High Bandwidth (120 kHz) Analog Output

A1363

QuiescentVoltage Output Drift Through Temperature Range
versus Ambient Temperature

30
20
z
= 10 } Relative to AVour(qyTc (typ) at Ta = 25°C F
5 —_—
T oo .
g
5 -10
2
=
-20
-30
-50 0 50 100 150 200
Ta(°C)
Sensitivity Drift Through Temperature Range
versus Ambient Temperature
3
2 } Relative to ASenstc (typ) at T = 25°C %

Asens 1 (typ), (%)
o

\
p /
-2
-3
-50 0 50 100 150 200

Ta (°C)
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC

A1363

With Advanced Temperature Compensation

And High Bandwidth (120 kHz) Analog Output

CHARACTERISTIC DEFINITIONS

Power-On Time (tpg)

When the supply is ramped to its operating voltage, the device
requires a finite time to power its internal components before
responding to an input magnetic field.

Power-On Time, tpq , is defined as: the time it takes for the output
voltage to settle within £10% of its steady state value under an
applied magnetic field, after the power supply has reached its
minimum specified operating voltage, Vc(min), as shown in
Figure 1.

Temperature Compensation Power-On Time (t1¢)

After Power-On Time, tp, elapses trc is also required before a
valid temperature compensated output.

Propagation Delay (tpp)

The time interval between a) when the applied magnetic field
reaches 20% of its final value, and b) when the output reaches
20% of its final value (see Figure 2).

Rise Time (tg)
The time interval between a) when the sensor IC reaches 10% of
its final value, and b) when it reaches 90% of its final value (see

Figure 2). Both t, and typgponsg are detrimentally affected by
eddy current losses observed in the conductive IC ground plane.

Response Time (tresponse)

The time interval between a) when the applied magnetic field
reaches 80% of its final value, and b) when the sensor reaches
80% of its output corresponding to the applied magnetic field
(see Figure 3).

Delay to Clamp (tc p)

A large magnetic input step may cause the clamp to overshoot
its steady state value. The Delay to Clamp, tc p, is defined as:
the time it takes for the output voltage to settle within 1% of its
steady state value, after initially passing through its steady state
voltage, as shown in Figure 4.

Quiescent Voltage Output (Voyr(q))

In the quiescent state (no significant magnetic field: B =0 G),
the output, Vyr(q), has a constant ratio to the supply voltage,
Ve, throughout the entire operating ranges of V- and ambient
temperature, T, .

\Y
V
Veo(typ.) — 4 — — €8 e
! Vout
90% VOUT_ _— -,'— J— J—
/
1
1
1
/
Vcc(min.) —_— J—
/ tro
it ty
{
! ty= time at which power supply reaches
H minimum specified operating voltage
1
," t,= time at which output voltage settles
! within £10% of its steady state value
! under an applied magnetic field
]
0 +
Figure 1. Power-on Time Definition
(%) /— Applied Magnetic Field
NV———75————
Transducer Output
/
/
II Rise Time, tg
/
20 (H—
10 FH— 1+
0
- Propagation Delay, tpp t

Figure 2: Propagation Delay and Rise Time Definitions

(%) | /— Applied Magnetic Field
=t===
80— —t —— — A Transducer Output
/
/I Response Time, tRESPONSE
/
/
/
/
0 .

Figure 3: Response Time Definition
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC

A1363

With Advanced Temperature Compensation

And High Bandwidth (120 kHz) Analog Output

Initial Unprogrammed Quiescent Voltage Output

(Vout(qyinit )
Before any programming, the Quiescent Voltage Output,
Vour(q)- has a nominal value of V¢ /2, as shown in Figure 5.

Quiescent Voltage Output Programming Range

(Vout(@Pr)

The Quiescent Voltage Output, Voyr(q), can be programmed
within the Quiescent Voltage Output Range limits: Voyr)pr
(min) and Voyr(pr (max). Exceeding the specified Quiescent
Voltage Output Range will cause Quiescent Voltage Output Drift
Through Temperature Range AV gyqyrc to deteriorate beyond
the specified values, as shown in Figure 5.

Average Quiescent Voltage Output Programming Step Size

(Stepyour(q)
The Average Quiescent Voltage Output Progamming Step Size,
Stepyour(q)» 18 determined using the following calculation:

)

VOUT(Q)maxcode - VOUT(Q)mincode
211

StepyourQ) =

where n is the number of available programming bits in the trim
range, 9 bits, Voyr(Q)maxcode 1S at decimal code 255, and Voyr(g)

mincode 15 at decimal code 256.

Mg_gnetic Inggt

\Y

VeLP(HIGH) -+
Vout

t4= time at which output voltage initially
reaches steady state clamp voltage

t,= time at which output voltage settles to
within 1% of steady state clamp voltage

Note: Times apply to both high clamp
(shown) and low clamp.

0
Figure 4: Delay to Clamp Definition

Quiescent Voltage Output Programming Resolution

(ErrpgvouT(q))
The programming resolution for any device is half of its pro-
gramming step size. Therefore, the typical programming resolu-

tion will be:

Errpgyvout)(typ) = 0.5 x Stepyoutg)(typ) )

Quiescent Voltage Output Temperature Coefficient

(TCavo)

Device Vyr(q) changes as temperature changes, with respect to
its programmed Quiescent Voltage Output Temperature Coef-
ficient, TCqyg . TCqyo is programmed at 150°C, and calculated

relative to the nominal V) programming temperature of
25°C. TCqyo (mV/°C) is defined as:

TCoro = [Vouroyr2— Vourri/ [1/(T2-T1)] (3)

where T1 is the nominal V() programming temperature of
25°C, and T2 is the TCgy programming temperature of 150°C.
The expected Vyrq) through the full ambient temperature

range, VourQ)EXPECTED(TA)» 1S defined as:

Vourexeecrepa = Vouror: + TCoro(Ty—T1)  (4)
VourtQEexpecTED(TA) Should be calculated using the actual mea-
sured values of Voyrgyr; and TCqy rather than programming

target values.

VouT(@pr(Mmax)

VouT(qpr(Min)
value

value VOUT(Q)

Programming range
(specified limits)

L £ £
1 1

Distribution of values
resulting from minimum
programming code
(QVO programming bits
set to decimal code 256)

A\

Distribution of values
resulting from maximum
programming code
(QVO programming bits
set to decimal code 255)

Typical initial value before
customer programming
Vout@)in
(Qvo proérgmming

bits set to code 0)

Figure 5: Quiescent Voltage Output Range Definition
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Low Noise, High Precision, Programmable Linear Hall Effect Sensor IC
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With Advanced Temperature Compensation
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Quiescent Voltage Output Drift Through Temperature
Range (AVoyr(q)tc)

Due to internal component tolerances and thermal consider-
ations, the Quiescent Voltage Output, Voyr(qg), may drift from

its nominal value through the operating ambient temperature, T, .
The Quiescent Voltage Output Drift Through Temperature Range,
Ayour)rc 1s defined as:

AVoutyre = Vout)ta) ~YouT(QEXPECTED(TA) (5)

AV our(yrc should be calculated using the actual measured
values of AVOUT(Q)(TA) and AVOUT(Q)EXPECTED(TA) rather than
programming target values.

Sensitivity (Sens)

The presence of a south polarity magnetic field, perpendicular
to the branded surface of the package face, increases the output
voltage from its quiescent value toward the supply voltage rail.
The amount of the output voltage increase is proportional to the
magnitude of the magnetic field applied.

Conversely, the application of a north polarity field decreases the
output voltage from its quiescent value. This proportionality is
specified as the magnetic sensitivity, Sens (mv/G), of the device,
and it is defined as:

Vout®ros) — YouTBNEG) )
BPOS - BNEG ’

Sens =

where BPOS and BNEG are two magnetic fields with opposite
polarities.

Branded
Face

= @ - || (Em =

Magnetic Flux
Direction Causing the
Output to Increase

Mold Ejector
Pin Indent

Figure 6: Magnetic Flux Direction

Ring
Concentrator

Current
Conducting
Wire

Branded
Face

Center Hall
Element in
Gap

Current Flow
Direction Causing
the Output Voltage
to Increase

Figure 7: KT Sensor in Ring Concentrator
Initial Unprogrammed Sensitivity (Sens;,;;)

Before any programming, Sensitivity has a nominal value that
depends on the SENS COARSE bits setting. Each A1363 variant
has a different SENS COARSE setting.

Sensitivity Programming Range (Senspg)

The magnetic sensitivity, Sens, can be programmed around its
initial value within the sensitivity range limits: Senspr(min) and
Senspgp(max). Exceeding the specified Sensitivity Range will
cause Sensitivity Drift Through Temperature Range ASenstc to
deteriorate beyond the specified values. Refer to the Quiescent
Voltage Output Range section for a conceptual explanation of
how value distributions and ranges are related.

Average Fine Sensitivity Programming Step Size (Stepggys)

Refer to the Average Quiescent Voltage Output Programming
Step Size section for a conceptual explanation.

Sensitivity Programming Resolution (Errpggens )

Refer to the Quiescent Voltage Output Programming Resolution
section for a conceptual explanation.

Sensitivity Temperature Coefficient (TCggyns)

Device sensitivity changes as temperature changes, with respect
to its programmed sensitivity temperature coefficient, TCqpng-
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TCggns 1s programmed at 150°C, and calculated relative to the
nominal sensitivity programming temperature of 25°C. TCqryg
(%/°C) is defined as:

Senst, — Senst 1
TC = 0 (7)
SENS [ Sensy; x100% T2-TI) °

where T1 is the nominal Sens programming temperature of 25°C,
and T2 is the TCqgng programming temperature of 150°C. The
expected value of Sens over the full ambient temperature range,
SensgxpecTED(TA) 18 defined as:

SensgxpectED(TA) = Sensty X [100% + TCgens (I, -TD].  (8)

SensgxpecTED(TA) Should be calculated using the actual measured
values of Senst; and TCgyg rather than programming target
values.

Sensitivity Drift Through Temperature Range (ASensyc)

Second order sensitivity temperature coefficient effects cause the
magnetic sensitivity, Sens, to drift from its expected value over
the operating ambient temperature range, T, . The Sensitivity
Drift Through Temperature Range, ASenstc, is defined as:

Sensta — SensgxpecTED(TA)
ASenstc =

x100% . (9
SensgxpECTED(TA) v

Sensitivity Drift Due to Package Hysteresis (ASenspkg )

Package stress and relaxation can cause the device sensitivity at
T, =25°C to change during and after temperature cycling. The
sensitivity drift due to package hysteresis, ASensp g, is defined
as:

Sens(ys0cy, — Sensasecy

ASenspig = x100%

(10)

Sens(zsoc) 1

where Sens ,sqy; is the programmed value of sensitivity at Ty
=25°C, and Sens sy, is the value of sensitivity at Ty =25°C,
after temperature cycling T, up to 150°C and back to 25°C.

Linearity Sensitivity Error (Lingggr )

The A1363 is designed to provide a linear output in response to
a ramping applied magnetic field. Consider two magnetic fields,

B1 and B2. Ideally, the sensitivity of a device is the same for both
fields, for a given supply voltage and temperature. Linearity error
is present when there is a difference between the sensitivities
measured at B1 and B2.

Linearity Error

Linearity Error is calculated separately for the positive
(Lingrrpog) and negative (Lingrrnpg) applied magnetic fields.
Linearity Error (%) is measured and defined as:

. Sensgposy
L =]- — 0
IMERRPOS [ SenSaros, x100%
. SensgNeG? o
Lingrrae =| 1= gore—— pv— 100% (11)
where:
% _
Sensg, = Vout®y — Vour) , (12)

By

and BPOSx and BNEGx are positive and negative magnetic
fields, with respect to the quiescent voltage output such that
[BPOS2| =2 x |IBPOS1| and | BNEG2| =2 x |IBNEG]|.

Then:

(13)

Lingpg = max(Linggrpos » LingrrNgG )
Symmetry Sensitivity Error (Symgggr)

The magnetic sensitivity of an A1363 device is constant for
any two applied magnetic fields of equal magnitude and oppo-
site polarities. Symmetry Error, Symgpy (%), is measured and
defined as:

Sensgpog (14)

] x100%
SenspNEG

Symggrg = [1

where Sensg, is as defined in equation 12, and BPOSx and
BNEGx are positive and negative magnetic fields such that
[BPOSx| = |IBNEGX]|.

Ratiometry Error (Ratgggr )

The A1363 device features ratiometric output. This means that
the Quiescent Voltage Output, Vyr(q), magnetic sensitivity,
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Sens, and Output Voltage Clamp, V¢ pigry and Vepprow), are
proportional to the Supply Voltage, Vc. In other words, when
the supply voltage increases or decreases by a certain percent-
age, each characteristic also increases or decreases by the same
percentage. Error is the difference between the measured change
in the supply voltage relative to 5 V, and the measured change in
each characteristic.

The ratiometric error in Quiescent Voltage Output,
RatgrryvouT(q) (%), for a given supply voltage, Vi, is defined
as:

Vourvee)/ Yoursv) < 100% (15)
Vec/SV

Ratgrrvour(Q) = (1—

The ratiometric error in magnetic sensitivity, Ratggrgens (%), for
a given Supply Voltage, V-, is defined as:

Sens / Sens
(VCO) (SV)\]XIOO% ) (16)

Vee/5V

Ratgrrsens = [1

The ratiometric error in the clamp voltages, Ratgprcrp (%), for a
given supply voltage, V-, is defined as:

Verpeveey/ VCLP(SV)JX 00% . (17)

Ratgrrerp = (1— V5V
cc

where V¢ p is either VCLP(HIGH) or VCLP(LOW).
Power-On Reset Voltage (VpgRr)

On power-up, to initialize to a known state and avoid current
spikes, the A1363 is held in Reset state. The Reset signal is
disabled when V¢ reaches Vyy oy and time tporp has elapsed,

allowing output voltage to go from a high impedance state
into normal operation. During power-down, the Reset signal is
enabled when V¢ reaches Vpggry , causing output voltage to
go into a high impedance state. (Note that detailed description
of POR and UVLO operation can be found in the Functional
Description section).

Power-On Reset Release Time (tporr)

When V¢ rises to Vpgryy, the Power-On Reset Counter starts.
The A1363 output voltage will transition from a high impedance
state to normal operation only when the Power-On Reset Counter
has reached tporp and V¢ has exceeded Vv op-

Undervoltage Lockout Threshold (VUVLO)

If Vo drops below Viyy o output voltage will be locked to
GND. If V starts rising A1363 will come out of Lock state
when V¢ reaches Vyyiop-

UVLO Enable/Disable Delay Time (tyy.o)

When a falling V¢ reaches Vv or, time tyy of 1s required
to engage Undervoltage Lockout state. When V¢ rises above
VuviLon, time tyy op is required to disable UVLO and have a
valid output voltage.

Output Saturation Voltage (Vgat)

When output voltage clamps are disabled, output voltage can
swing to a maximum of Vg apyigp and to a minimum of
Vsarwow) -

Broken Wire Voltage (Vgrk)

If the GND pin is disconnected (broken wire event), output volt-

age will go to Vgrgmigh (if a load resistor is connected to VCC)
or to Vgrg(row) (if a load resistor is connected to GND).
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