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ACS70312

Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

FEATURES AND BENEFITS

Factory-programmed segmented linear temperature
compensation (TC) provides ultralow thermal drift
O Sensitivity error +1%
o Offset error £5 mV

* On-board supply regulator with reverse-battery protection
provides high immunity to electrical overstress (EOS)

* Very fast response time (2 ps)

» High operating bandwidth: DC to 240 kHz

* AEC-QI100 Grade 0, automotive qualified

* Customer-programmable, high-resolution offset, and
sensitivity trim

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

Continued on next page...

PACKAGE: 4-pin SIP (suffix KT)

TN Leadform

KT Package

DESCRIPTION

The Allegro ACS70312 IC incorporates a Hall element with
BiCMOS integrated circuitry to provide a fully monolithic
linear current sensor IC. The IC is sensitive to magnetic flux
density orthogonal to the IC package surface and the output
is an analog voltage proportional to the applied flux density.
The ACS70312 is designed to be used in conjunction with a
ferromagnetic core to provide highly accurate current sensing.
The gain and offset drift over temperature is factory-programmed
at Allegro and delivers a solution with +1% sensitivity error
and +5 mV offset error from 25°C to 150°C.

The ACS70312 is customer programmable. The absolute value
of gain and offset can be programmed after manufacturing to

Continued on next page...
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

FEATURES AND BENEFITS (continued)

.

Patented circuits suppress IC output spiking during fast current

step inputs

Wide selectable sensitivity range between 0.5 and 8 mV/G

User-selectable ratiometric behavior of sensitivity, quiescent
voltage, and clamps (ratiometry can be disabled), for simple
interface with application analog-to-digital converter (ADC)

Open-circuit detection on the GND pin (broken wire)

Customer-programmable output voltage clamps provide short-

circuit diagnostic capabilities
Undervoltage detection (UVD)
Low-voltage programming

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

Immune to mechanical stress

Extremely thin package: 1 mm case thickness
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DESCRIPTION (continued)

provide customers with industry-leading current sensing accuracy.
The sensor has a high operating bandwidth from DC to 240 kHz
and a fast 2 ps response time. The ACS70312 is ideal for use in
high-frequency automotive inverters and DC/DC converters where
fast switching is required.

The ACS70312 offers undervoltage detection (UVD) as well as low-
voltage programming that eliminates the need for voltages greater
than V- during user programming.

Broken-ground-wire detection, clamps, power-on-reset, and under/
overvoltage detection provide the required diagnostics for automotive
applications.

The on-board supply regulator enables the VCC pin to survive
voltages of £18 V and the VOUT pin to survive voltages of +16 to
—6 V for added robustness in the harsh automotive environment.

Device parameters are specified across an extended ambient
automotive temperature range: —40°C to 150°C. The ACS70312
sensor IC is provided in an extremely thin case (1 mm thick), 4-pin
SIP (single in-line package, suffix KT). Packages are lead (Pb) free,
with 100% matte tin leadframe plating.
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

SELECTION GUIDE

Factory-Programmed | Programmable Sens o .

[

Part Number Sensitivity (mV/G) Range (mV/G) Package Ta (°C) Packing

ACS70312LKTATN-0P5B5-C 0.57 0.5t00.8 4-pin SIP 4000 pieces
(suffix KT) —40to 150 | per 13-inch

ACS70312LKTATN-001B5-C 1 0.8t01.8 TN leadform reel

[1] Characteristics are guaranteed within the sense programmable range of the corresponding part number.

ACS70312LKTATN-0P5B5-C

Programmability
C = Customer programmable
F = Factory only

Forward Supply Voltage Level
5=5V

Directionality
B = Bidirectional

Factory-Trimmed Sensitivity
2P5=2.5mV/G

Package Leadform Option
N
TH

Package Designator
KTA = 4-pin mini SIP

Temperature Range
L =-40°C to 150°C

Allegro Part Number

" Allegro MicroSystems
hA L L E G R 0 955 Perimeter Road
Ny \ Manchester, NH 03103-3353 U.S.A.
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ACS70312

Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee 18 \%
Reverse Supply Voltage VRee T (max) Should not be exceeded -18 \%
Forward Output Voltage Vour Vour <Vec +2V 16 \
Reverse Output Voltage Vrout Difference between V¢ and output should not exceed 20 V —6 \
Output Current Tout Maximum survivable sink or source current on the output +10 mA
Forward Program Enable Voltage VeroG Vprog <Vec 2V 6 \
Reverse Program Enable Voltage VRrPROG -0.5 \%
Operating Ambient Temperature Ta L temperature range —40 to 150 °C
Storage Temperature Tstg —65 to 165 °C
Maximum Junction Temperature T j(max) 165 °C
ESD RATINGS
Characteristic Symbol Test Conditions Value Unit
Human Body Model Vism Per JEDEC JS-001, ACS70312 devices 18 kv
Charged Device Model Veom Per JEDEC JS-002 +1 kv
THERMAL CHARACTERISTICS
Characteristic Symbol Test Conditions [1] Value Unit
Package Thermal Resistance Reua On one-layer PCB with exposed copper limited to solder pads 174 °C/W
] Additional thermal information available on the Allegro website
Allowable Power Dissipation versus Ambient Temperature
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

PINOUT DIAGRAM AND TERMINAL LIST TABLES

ACS70312 Terminal List Table

""‘) Number Name Function
i 1 VCC Input power supply; also used for programming
2 VOUT Output signal; also used for programming
Low-voltage programming enable pin; connect to
3 PROG_EN GND for optimal ESD performance
4 GND Ground
11 12| 3] |4

Figure 2: KT Package Pinout Diagram

(Ejector pin mark on opposite side)

TYPICAL APPLICATION DRAWING

Vee
 (Recommended) :
e— vceC VOUT |—@--——-- e :
e ACS70312 L
Comnce | R T«
BYPASS GND PROG_EN

Figure 3: ACS70312 Typical Application Drawing
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

ACS70312

OPERATING CHARACTERISTICS: Valid over full operating temperature range of Ty, Cgypass = 0.1 uF, and Ve = 5V,

unless otherwise specified

Characteristic | Symbol Test Conditions | | Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 45 5 5.5 V
Supply Current Iec No load on VOUT; V¢ at 4.5, 5, and 5.5V - 13 15 mA
Power-On Reset Voltage VpoR H Ta =25°C, V¢ rising 34 3.65 3.8 \
Vpor L Ta =25°C, V¢ falling 3 3.3 34 \
Power-On Reset Hysteresis Vpor Hys | Ta=25°C 200 350 600 mV
Power-On Reset Release Time tror R Tp = 25°C, V¢ rising - 32 - us
Power-On Delay Time tro Tp=25°C, Cgypass = 0pen, C, =1nF - 72 - us
Overvoltage Detection ['] Vovon Ta=25°C 73 8 79 v
Vovp L Tpo=25°C 6.3 6.6 6.9 \
Undervoltage Detection [1] Vovo | Ta=25°C 4 42 44 v
Vuvp L Tp=25°C 3.6 3.8 4 \
UVD Hysteresis [1] Vuvo Hys | Ta=25°C 300 400 500 mV
UVD Enable/Disable Delay Time [1] fovo en | Ta=25°C 00 2 i i
tuvp pis | Ta=25°C 10 16 30 us
o | BnSStme e [ [ | e
Supply Zener Clamp Voltage V, Tp=25°C, Igc =30 mA 18 20 25 \
OUTPUT CHARACTERISTICS
DC Output Resistance Rout Tp=25°C 2 4 8 Q
Output Load Resistance (2] R, VOUT to GND or VCC 4.7 10 - kQ
Output Load Capacitance CL VOUT to GND - - 5 nF
) VsaT H Ta=25°C, R_ =10 kQ to GND, bias =400 G 475 4.8 Vee \
Output Voltage Saturation =
Vsar L Ta=25°C, R = 10 kQ to VCC, bias =400 G 0.05 0.2 0.25 \
Vee H Ta=25°C, R_ =10 kQ to GND, bias =400 G 4.65 4.7 4.75 \Y
Output Voltage Clamp =
Vere L Ta=25°C, R = 10 kQ to VCC, bias =400 G 0.25 0.3 0.36 \
Output Voltage with Broken GND Verk L Tao=25°C, R_= 10 kQ to GND, pin 3 = open 0 100 200 mV
VBRK_H Ta=25°C, R_=10kQ to VCC, pin 3 = open 4.8 4.9 5 \Y
Noise ViN Tap=25°C, C_=1nF, Sens =5 mV/G - 1.5 - mGH(Hz)
Von Tp=25°C, Sens =5 mV/G - 3.5 - MVius
Propagation Delay Time tod Tpo=25°C,C_=1nF, Ri=10kQ - 1.2 1.65 us
Response Time tresponse | Ta=25°C, CL =1 nF, R =10kQ - 21 3 us
Rise Time t, Tpo=25°C,C_=1nF, Ri=10kQ - 1.9 - us
Output Slew Rate SR To=25°C,C_ =1nF, R=10kQ 410 480 550 V/ms
Bandwidth BW ?;”f';;'%‘aé;gsdfs%; /(15 nF, - 240 - kHz
Chopping Frequency fe Tp=25°C - 1.14 - MHz
Continued on the next page...
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ACS70312

Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

OPERATING CHARACTERISTICS (continued): Valid over full operating temperature range of T, Cgypass = 0.1 pF, and
Vee = 5V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
QUIESCENT OUTPUT VOLTAGE (Vour(q)
Number of Fine QVO Programming Bits | QVO_FINE - 9 - bit
Quiescent Voltage Output 3] Vouriq) | Ta=25°C 2.495 25 2.505 \Y
Average Quiescent Voltage Output _ npo _ _
Programming Step Size [4] Vout@step | Ta=25°C 1.18 mv
Average Quiescent Voltage Output Vv _ Vv _ mv
Temperature Compensation Step Size |~ QUT(QTCStep OuT(Q)Step
SENSITIVITY (Sens)
Coarse Sensitivity Programming Bits [5]  |SENS_COARSE - 2 - bit
Fine Sensitivity Programming Bits SENS_FINE - 9 - bit
SENS_COARSE =0 0.5 0.57 0.8 mV/G
o , SENS_COARSE = 1 0.8 1.0 1.8 mV/G
Sensitivity Programming Range [6] Senspr
SENS_COARSE =2 1.8 2.5 41 mV/G
SENS_COARSE =3 41 5 8.6 mV/G
SENS_COARSE =0 - 21 - pVv/IG
Average Sensitivity Programming St SENS_COARSE =1 - 4.5 - HV/IG
Step Size CPsENS -
p SENS_COARSE =2 - 9.8 - uv/G
SENS_COARSE = 3 - 20.3 - uv/G
Average Sensitivity Temperature _ o o
Compensation Step Size Stepsenstc | Ta=-40°C 10 150°C - Stepsens B WviG
SENSITIVITY ERROR
Sensitivity Error Sensggr | TA=25°C - 0.7 - %
" ) Ta = 25°C to 150°C -1 - 1 %
Sensitivity Drift Over Temperature ASenstc
Tp=-40°C to 25°C -1.2 - 1.2 %
Characterized with +3 kG - 0.3 - %
I . . 1000G, 2000G
[7] ) ’ +. —_ . —_ 0,
Sensitivity Linearity Error Lingrr 3000G. 4000G, +4 kG 0.5 %
4500G +4.5 kG - 1 _ %
Sensitivity Ratiometry Error Raterrsens | Voo =4.8510 5.15V —-0.55 - 0.55 %
QUIESCENT VOLTAGE OUTPUT ERROR
Quiescent Voltage Output Error VoutEerr | Ta=25°C -5 - mV
Quiescent Voltage Output Drift Over Ta=25°Cto 150°C —S - mv
Temperature AVourre = _40° o
p T, =—40°C to 25°C -5 - mv
Quiescent Voltage Output Ratiomet
Error 9 p y VRatERRVOUT(Q) VCC =4.85t05.15V -5 - 5 mV
Continued on the next page...
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

OPERATING CHARACTERISTICS (continued): Valid over full operating temperature range of T, Cgypass = 0.1 uF, and
Vce = 5V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
LIFETIME [8]
Quiescent Voltage Output Lifetime o
Drift 9 . Vout) LiFe | Ta=25°C _ 0.4 _ Y
Sensitivity Lifetime Drift Sensgrr LiFe | Ta = 25°C - 0.5 - %
MAGNETIC CHARACTERISTICS
Maximum Field Range B Input field range to which the part responds —-4500 - 4500 G

[TOVD/UVD was characterized on the bench. V¢ ramp rate of 0.5 V/ms and 1 V/us for thresholds and timing respectively.

121 Using a small R_increases output error; this error scales with output, causing offset and symmetry error; i.e., using R, = 4.7 kQ causes a 4 mV error due to the resistor
divider between the Ry ;,i40wn) @nd the internal resistance of 4 Q at 5 V output. Keep this in mind when sizing R .

31 Devices programmed to the typical values are guaranteed to meet the AVOUT(Q)TC specification.

41 This is an average, and the actual step can vary. For best results, check Vour(q) after every retrim. Refer to the quiescent voltage output programming resolution informa-
tion in the Response Characteristics, Definitions, and Performance Data section.

5] Allegro guarantees limits of devices that remain within their factory-programmed SEN_COARSE and the corresponding SENSpg during customer programming.

[61 Device performance is guaranteed within these ranges. Typical value is the factory-programmed sensitivity.

[7] Validated by characterization and design. Specification valid from Vot = 0.4 V to 4.6 V.

18] Lifetime drift numbers represent the average parameter drift observed during qualification.

Allegro MicroSystems

A L L E G R om 955 Perimeter Road
\ Manchester, NH 03103-3353 U.S.A.

microsystems www.allegromicro.com




Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

CHARACTERISTIC PERFORMANCE
ACS70312 TYPICAL FREQUENCY RESPONSE

Magnitude [dB]

-5+
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10" 102 108 10% 10°
Frequency [Hz]

50 T T T T T T T T T T T T T T T

-50 .

Phase [°]

-100 §

-150 Ll F R | Lol Ll
10 102 103 104 10°
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For information regarding bandwidth characterization methods used for the ACS70312, see the “Characterizing System Bandwidth”
application note (https://www.allegromicro.com/en/insights-and-innovations/technical-documents/hall-effect-sensor-ic-publications/
an-cffective-method-for-characterizing-system-bandwidth-an296169) on the Allegro website.
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

RESPONSE CHARACTERISTICS, DEFINITIONS, AND PERFORMANCE DATA

Response Time (trResponsE) Rise Time (t,)

The time interval between a) when the applied magnetic field The time interval between a) when the sensor reaches 10% of
reaches 90% of its final value, and b) when the sensor output its full-scale value, and b) when it reaches 90% of its full-scale
reaches 90% of its full-scale value. value.

Propagation Delay (t,y) Output Slew Rate (SR)

The time interval between a) when the applied magnetic field The rate of change (V/us) in the output voltage between a) when
reaches 20% of its full-scale value, and b) when the sensor output  the sensor reaches 10% of its full-scale value, and b) when it
reaches 20% of its full-scale value. reaches 90% of its full-scale value.

Response Time, Propagation Delay, Rise Time, and Output Slew Rate

Applied step with 10% to 90% rise time = 1 ys

Test Conditions: Ty = 25°C, Cgypass = 0.1 uF, C. =1 nF, R_. = 10 kQ, 1 V output swing
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

Quiescent Voltage Output (Voyr(q))

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

Before any programming, the quiescent voltage output (Voyr(q))
has a nominal value of V/2 for a bidirectional device and 0.5 V
for unidirectional parts with a Vo of 5S'V.

Quiescent Voltage Output Programming Range

The quiescent voltage output (Voyr(q)) can be programmed
within the quiescent voltage output programming range limits.
Exceeding the specified quiescent voltage output programming
range limits causes the quiescent voltage output drift over tem-
perature (AVyrq)yre) to deteriorate beyond the specified values.

Average Quiescent Voltage Output Program-
ming Step Size (Vouyr(q)step)

The average quiescent voltage output programming step size
(Vour(Q)step) is determined using the following calculation:

VouT(@Qmaxcode — YOUT(Q)mincode (1)

VourQstep = 1 >

where 7 is the number of available programming bits in the trim
range, 9 bits, Voyr(Q)maxcode 1S at decimal code 255, and
VouT@Q)mincode 18 at decimal code 256.

Quiescent Voltage Output Programming
Resolution

The programming resolution for any device is half of its pro-
gramming step size.

The step size of each bit can vary. For best accuracy, check
Vourq) after every trim. The DAC performance of the device
is screened and accounted for in the factory-standard trim,

but becomes a possible source of error if the devices is repro-
grammed beyond the quiescent voltage output; programming
beyond this range causes AV gyr(q)rc to be invalid.

Quiescent Voltage Output Drift Over
Temperature (AVoyr(q)Tc)

The quiescent voltage output (Voyr(q)) may drift from its nomi-
nal value through the operating ambient temperature (T, ). The
quiescent voltage output drift over temperature (Ayourgyre) 1S
defined as:

MV ourre = Vourwym — Vouresec) 2)
AV out(Qyrc should be calculated using the measured value of
Vour(g) at the current temperature and at 25°C.

Sensitivity (Sens) and Sensitivity Error
(Sens ggrr)

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, 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,

defined as:
VOUT(BPUS) — VOUWBNEG)

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

Sens =

Sensitivity error is the error in percent between the factory-pro-
grammed sensitivity and the measured sensitivity value.

Factory-Programmed Sensitivity

Before any programming, sensitivity has a nominal value that
depends on the SENS COARSE bits setting. Each ACS70312
variant has a different SENS_COARSE setting. The TC perfor-
mance is guaranteed if the SENS COARSE bit is in its default
factory value and within the sensitivity programming range cor-
responding to the SENS COARSE bit.

Sensitivity Programming Range (Senspg)

The magnetic sensitivity (Sens) can be programmed around its
initial value within the sensitivity range limits: Senspy(min) and
Senspgr(max). Exceeding the specified sensitivity range causes
sensitivity drift over temperature (ASensyc) to deteriorate beyond
the specified values.

ALLEGRO
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

ACS70312

Average Fine Sensitivity Programming Step
Size (Stepsens)

This is the change in the fine sensitivity parameter, per the code

of the SENSF digital-to-analog converter (DAC). This value

changes depending on SENS COARSE. The over-temperature

performance of the device is guaranteed only for the factory-pro-
grammed SENS_COARSE bit and its associated Senspg.

Sensitivity Programming Resolution

This resolution is equal to or less than 1/2 x Stepggns. If the
device is more than 1/2 x Stepggng but less than one Stepgpyg
away from a desired trim, an additional step in the correct direc-
tion yields a resolution of less than 1/2 x Stepggys:.

Sensitivity Drift Over Temperature (ASensy¢)
Sensitivity (Sens) may drift from its expected value (SENS

EXPECTED) over the operating ambient temperature range (T).

The sensitivity drift over temperature (ASenstc ) is defined as:

Sens ta)— Senspsec)

x 100%

AS =
ehsTe Sensysec) “)

Output Voltage Operating Range

The functional output voltage for optimal performance of the
device is 0.5 V to 4.5 V output voltage, where Vo =5 V. The
device can respond to magnetic fields that cause the output to go
beyond these voltages, but parameters may not meet datasheet
limits.

Sensitivity Linearity Error (Lingggr)

The ACS70312 is designed to provide a linear output in response
to a ramping applied magnetic field. Lingpy is valid from 0 G to
+4500 G input field while within the output voltage operating
range. Consider two magnetic fields, B1 and B2. Ideally, the sen-
sitivity 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 (%) is measured and defined as:

) Sensg,
Linggg =\ 1- Sensg, x100% (6)
where:
14 —V
Sens,, = | OUT(Bx)B OUT(Q) . ")
X

Ratiometry Error (Ratggg)

The ACS70312 device features a ratiometric output. This means
that the quiescent voltage output (Voyr(q)), sensitivity (Sens),
and output voltage clamp (V p) are proportional to the supply
voltage (V). When the supply voltage increases or decreases
by a certain percentage, each characteristic also increases or
decreases by the same percentage. Ratiometry error is the differ-
ence between the measured change in the supply voltage relative
to 5 V and the measured change in each characteristic.

The quiescent voltage output ratiometry error, Ratgrryour(q) (%0),
for a given supply voltage (V) is defined as:

Vourwywvee
Vourioiisw

Ratgrryourosy = |1 = x100% ®)

Vee
5V

The quiescent voltage output ratiometry error, Vg errvouT(Q)
(mV), for a given supply voltage (V) is defined as:

9
Vee ©)
Vearerrvour@) = || Yoursv) S VOUT(VCC)]

The sensitivity ratiometry error, Ratgrpgens (%0), for a given sup-
ply voltage (V) is defined as:

Sens(ycc) / Sens sy
Vec/5V

Ratgrrsens = (1 J x100% . (10)
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)

ACS70312
Analog Output for Core-Based Current Sensing

Power-On-Reset Voltage (Vpgor) Power-On Time (tpg)
When the supply is ramped to its operating voltage, the device

On power-up, the ACS70312 is held in a reset state. The reset
signal is disabled when V¢ reaches Vpor 1y and time tpory has
elapsed, allowing the output voltage to go from a high-impedance
state into typical operation. During power-down, the reset signal
is enabled when V- reaches Vpog 1, causing the output voltage

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

to go into a high-impedance state.
Power-On Reset Release Time (tpgr R) minimum specified operating voltage (V¢ (min)) s shown in
- Figure 5.

When V. rises to Vpog g1, the power-on-reset counter starts.
The ACS70312 output voltage transitions from a high-impedance =~ Temperature Compensation Power-On Time
state to typical operation only when the power-on-reset counter (t )

. TC
has reached tporp and V¢ has been maintained above Vpor - . . )

- After the power-on time (tpg ) has elapsed, tr¢ is required before

a valid temperature-compensated output.

Output Saturation Voltage (Vgar)

When output voltage clamps are disabled, the output voltage can
swing to a maximum of Vg, g and to a minimum of Vgur 1.

Broken-Wire Voltage (Vggrk)

If the GND pin is disconnected (broken-wire event), the output
voltage goes to Vggg g (if a load resistor is connected to VCC)
or to Vggg 1 (if a load resistor is connected to GND).

\%
V,
Veeltyp) — 4+ — — o 8 oo
! Vout

90% Voyr —|— — + — — —
/
/
1
1
1
1

Vcc(min) —— J—

! tpo
Branded Mold Ejector 't ty
Face Pin Indent ,.'
! t4= time at which power supply reaches
| H minimum specified operating voltage
| 1
“ “ “ ! “ “ “ ," t,= time at which output voltage settles
M fic Fl ! within £10% of its steady-state value
_ Magnetic Flux ! under an applied magnetic field
Direction Causing the I
Output to Increase
0 +
Figure 5: Power-On Time Definition

Figure 4: Magnetic Flux Polarity
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

FUNCTIONAL DESCRIPTIONS

The descriptions in this section assume: temperature = 25°C, no
output load (R, C;), and no magnetic field is present.

Power-On Reset (POR)

When the device is off, the output is in a high-impedance state.

Power-On

As V¢ ramps up, the device output is in high-impedance until
Ve reaches Vpor . As Ve rises above Vpor . the device
output leaves the high-impedance state and enters the typical
operating mode.

Overvoltage Detection (Vgoyp)

When V¢ is raised above the overvoltage-detection-enable
voltage (Voyp p), the ACS70312 output stage enters a high-
impedance state. Vo is either pulled to V¢ with a pull-up Ry,
or pulled to GND with a pull-down R; when Vyp y is reached.
When programming the ACS70312, overvoltage detection must
be active for communication. The ACS70312 output resumes
typical operation after V- is below the overvoltage detection
disable voltage, Voyp |-

NOTE: The supply voltage limits still apply for all operating
characteristics.

10

Undervoltage Detection (Vyyp)

When V- drops below the undervoltage-detection-enable volt-
age (Vyyp my)» the ACS70312 output stage drops close to GND,
beyond the clamp or saturation voltage. The ACS70312 output
resumes typical operation after V- is above the undervoltage-
detection-disable voltage, Vyyp #-

NOTE: The supply voltage limits still apply for all operating
characteristics.

Power-Down

As V¢ ramps down, the device output is active until V. falls
below Vpog 1 As Ve falls below Vg 1, the device output
enters a high-impedance state.

Power On/Off Profile

ACS70312 power-on with a pull-down resistor is shown in
Figure 6. The output follows VCC ratiometrically after exiting
POR and is pulled to ground after entering UVD.

Vec—Vout M

0= I I

Supply Voltage
Device Output | |

0 500 1000 1500

2000 2500 3000 3500 4000

Samples

Figure 6: ACS70312 Power On/Off and UVD, R = 10 kQ
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

PROGRAMMING GUIDELINES

The serial interface uses a bidirectional communication on VOUT.  The device has an internal charge pump to generate the EEPROM
The ACS70312 enters programming mode when V¢ increases pulses.

beyond V,1;(VCC). The ACS70312 also enters programming-
enable mode if voltage on PROG_EN exceeds V. (PROG_EN).
The PROG_EN pin allows for low-voltage programming on the
ACS70312 without the need to raise the supply voltage above 5 V.

Recommended programming kits/subkits and software can be
found under the Technical Documents on the ACS70312 product
page on the www.allegromicro.com website.

Raise VCC to Enable
Communication

Raise PROG_EN to Enable
4—
F—_——— = = — — — 4
|
. Controller
VCC PROG_EN Write/Read Command
— Manchester Code
ACS70312
VOUT
R
Read Acknowledge
GND — Manchester Code
- OUT_DIS

Serial SDATA_OUT
( )_ OvD Interface SDATA_OUT_EN —O
Detect ovD
=
vce Timer VOouT
(package pin)

(package pin)
O Digital Analog
Output
PROG_EN
(package pin)
SDATA_OUT_EN OUT_DIS VOouT
0 0 Analog output
0 1 High-Z
1 X SDATA_OUT
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

Memory-Locking Mechanisms

The ACS70312 is equipped with two distinct memory-locking
mechanisms:

» Default Lock: At power-up, all registers of the ACS70312 are
locked by default. EEPROM and volatile memory cannot be
written. To disable the default lock, a specific 32-bit customer
access code must be written to address 0x36 within the access
code timeout period (tycc) from power-up. After doing so,
registers can be accessed. If VCC is power-cycled, the default
lock is automatically re-enabled. This ensures that, during
typical operation, memory content is altered due to unwanted
glitches on VCC or the VOUT pin.

* Lock Bit: After EEPROM has been programmed by the user,
the DEV_LOCK bit can be set high and VCC power-cycled
to permanently disable the ability to read or write any register.
This prevents the ability to disable the default lock using the
previously described method.

* NOTE: After the DEV_LOCK bit has been set high and the VCC
pin has been power-cycled, the DEV_LOCK bit can no longer be
cleared and registers can no longer be written to.

Read/Write
I
Synchronizei Memory Address

0 0 on

VMAN(H) ---

01011

LeBit boundaries

B 11

Y e e e

Serial Communication

The serial interface allows an external controller to read from and
write to registers, including EEPROM, in the ACS70312 using a
point-to-point command/acknowledge protocol. The ACS70312
does not initiate communication; it only responds to commands
from the external controller. Each transaction consists of a com-
mand from the controller. If the command is a write, there is no
acknowledgment from the ACS70312. If the command is a read,
the ACS70312 responds by transmitting the requested data.

Serial interface timing parameters are provided in Table 1.

NOTE: The external controller must avoid sending a command
frame that overlaps a read acknowledge frame.

The serial interface uses a Manchester-encoding-based proto-

col (0 =rising edge, 1 = falling edge), with address and data
transmitted MSB first. Four commands are recognized by the
ACS70312: write access code, write to volatile memory, write

to nonvolatile memory (EEPROM), and read. One frame type,
read acknowledge, is sent by the ACS70312 in response to a read
command.

The ACS70312 device uses a three-wire programming interface,

O
o]
—
[

Figure 7: General Format for Serial Interface Commands
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

where VCC or PROG_EN is used to control the program-enable
signal, data is transmitted on VOUT, and all signals are refer-
enced to GND. This three-wire interface makes it possible to
communicate with multiple devices with shared VCC and GND
lines.

The four transactions (write access, write to EEPROM, write to
volatile memory, and read) are shown in the figures on the fol-
lowing pages. To initialize any communication, VCC or PROG
EN should be increased to a level above Vi without exceeding
the pin maximum voltage. At this time, VOUT is disabled and
acts as an input.

After program-enable is asserted, the external controller must
drive the output low in a time less than the program time delay,
tq. This prevents the device from interpreting any false transients
on VOUT as data pulses. After the command is completed, VCC

Read/Write

i
1
1

Data i CRC
1

i
1
1
1 1
Synchronize i i Memory Address

0 0 070101 010101010101 01...01 010101

or PROG_EN is reduced below V., back to the typical operat-
ing level. Also, the output is enabled and responds to magnetic
input.

When performing a write-to-EEPROM transaction, the
ACS70312 requires a delay of t,, to store the data in EEPROM.
The device responds with a high-to-low transition on VOUT to
indicate the write-to-EEPROM sequence is complete.

When sending multiple command frames, it is not necessary to
toggle the program-enable signal on VCC or PROG_EN. After
the first command frame has completed and VCC or PROG_EN
has remained at V.3, the device ignores any subsequent pulses
on the output. When the program-enable signal is brought below

Virgr» the output responds to the magnetic input.

MSB MSB
Quantity of Bits Name Values Description
2 Synchronization 00 Used to identify the beginning of a serial interface command
0 [As required] Write operation
1 Read/Write -
1 [As required] Read operation
6 Address 0/1 [Read/Write] Register address (volatile memory or EEPROM)
26 data bits and 6 ECC bits
For a read command frame, the data consists of 32 bits: [31:28] not relevant, [27:26] ECC pass/
32 Data 01 fail, and [25:0] data, where bit 0 is the LSB
For a write command frame, the data consists of 32 bits: [31:26] not relevant, and [25:0] data,
where bit 0 is the LSB
3 CRC 01 Bits to check the validity of the frame

Figure 8: Command Frame General Format
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

ACS70312

Table 1: Programming Parameters, Cgypass = 0.1 uF, Ve =5 V

Characteristics Symbol Note Min. Typ. | Max. Unit
V¢ Program Enable Voltage High Vorg(VCC) Program-enable signal high level on VCC 7.3 7.6 7.9 \Y
V¢ Program Enable Voltage Low VgL (VCC) Program-enable signal low level on VCC 6.3 6.6 6.9 \Y
PROG_EN Program Enable Voltage High | V4 (PROG_EN) | Program-enable signal high level on PROG_EN 24 - - \Y
PROG_EN Program Enable Voltage Low Vg (PROG_EN) | Program-enable signal low level on PROG_EN - - 1.3 \Y
PROG_EN Internal Pull-Down Resistor Rproc 65 100 135 kQ
Output Enable Delay te External capacitance (Cx) on VOUT may 100 125 150 us
increase the output enable delay
Program Time Delay ty 84 88 93 us
Program Write Delay tw 23 24 25 ms
Manchester High Voltage VMAN(H) Data pulses on VOUT 5 vee \
Manchester Low Voltage N Data pulses on VOUT - 1 \Y
Bit Rate taiTrR Communication rate 1 30 100 kbps
Bit Time tgiT Data-bit pulse width at 30 kbps 37 39 42 us
Access Code Timeout tace - 50 - ms
Vi Voran
Voo Vprqt
Vpra — - Nominal Vw — Nominal
reommes N T i N ] e Normal High Z Normal
VOUT (Output) e | HighZ N\ e " vout vy | et -] N\ S oy
VOUT (Input VOUT (Input) i 5v
External é:r?tlrﬁ ‘ High Z ‘ Access Code ‘ HighiZ ‘ oY External Control ‘ HighZ Commane| __ Data ‘ Highz ‘
ov ov
t, t, t t
Figure 9: Write Access Code Figure 10: Write Nonvolatile Memory
prgH. vprgH
Vm i pral Nominal V,,,g — ot Nominal
VCC or PROG_EN vcC VCC or PROG_EN vee
Normal i Normal N ] : rm.
VOUT (Output) | Output ] High 2 Output | ¢, VOUT (Output) O?thr;i ] Hinz Data ’\(‘)?Jtpftl oy
VOUT (Input) - VOUT (Input
External Control ‘ High Z mmznd Data High Z ‘ oY External éor?t:o} ‘ High Z Co'-:;?r::nd High Z ‘ oV
oV oV
t, t, t, t, t, t, t,
Figure 11: Write Volatile Memo .
g y Figure 12: Read
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

MANCHESTER COMMUNICATION

Command Format

toit — -

Manchester 5 | | | | | Addr Data CRC
Stream :

IUHTN

Sync  Write MSB

Manchester Write Command

toit = -~ :

Manchester | | | Addr CRC
Stream . : : .
‘0 to0 1 :\
\ /o

Sync Read MSB

Manchester Read Command

Write Command

Address Data
Sync R/W (6 bits) (32 bits) CRC
A A

laYe N N~ —

,0,0,0,0,1,1,0,0,0,0,1,0,1,0,1,1,1,1, . c0,

— ~— Bit Boundaries

Read Command Read Acknowledge

Address
Sync R/W 6 B\its) CRC Sync

/\( NK_H K—H/

%ALLEGRO
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

Generic Timing
For initial portion of Manchester command

tCMD71ST7T()P -Pi E<-
S a
switch point ; E l tow = ;__
vee : j 5 —
Nominal >'/ ; E : I
ou | | M Datal

VRN

active OUT canbe  Past this MAX
X pulled high or  time OUT OUTi Earliest ti

Device stops low cannot transition requill:d to be fo?rl\llleasncl:e]es}ter

driving OUT Low to High low before a command

by here excepttostart  pranchester

Manchester command
Parameter Description Min. Max.
tsaik System clock period after trimming 133 ns (7.5 MHz) 167 ns (6 MHz)
thit Bit time 1 us (1 MBd) 1 ms (1 kBd)
tois Top OUT pin is disabled after raising VCC 56 ps (512 x tgyy) | 73.5 ps (514 x tgyy)

The OUT pin is either pulled high or low
Low-to-high transitions are not allowed after this maximum time has elapsed, except

{OUTH_1ST_TOP | {5 start the Manchester command 735ps 123 s
This is for the first Manchester command after raising VCC
temp_1sT_TOP Time required before the first Manchester command can be sent after raising VCC 144 ps n/a
tLow Time required to hold output low before the first Manchester edge 1ps n/a
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

Write to EEPROM

If VCC or PROG_EN is held high at the programming voltage,
multiple Manchester commands can be executed.

E tomo_ee - E 54-
. E toun -»E - \ \
S T
tack_En - 54- E E E t E :
vee E ' tee Aok - i o= r_
or — - : T 0 T
PROG_EN E ! ! ! E E E
ouTt | M Data M Datal

' T A N 1
Manchester Host stops ~EEPROM \\ \

command to write driving OUT  write :
o Device  QUTcanbe  Past this MAX

EEPROM by here complete drives Iow pulled high or time OUT oUTis Earliost time
for ACK low cannot transition  required tobe  for Manchester
Low to High low before a command
except to start Manchester
Manchester command
Parameter Description Min. Max.
tsoik System clock period after trimming 133 ns (7.5 MHz) | 167 ns (6 MHz)
toit Bit time 1 ps (1 MBd) 1 ms (1 kBd)
Time for the device to drive OUT after Manchester command: Host must stop driving
tack_EN OUT within this time 2 > Lo 2%ty
teE wr The device writes to EEPROM during this time - -
tee_ack Device drives OUT low during this time 1 %ty 1 %ty

The OUT pin is either pulled high or low
touTH Low-to-high transitions are not allowed after this maximum time has elapsed, except to 0 1.8 x tyy
start the next Manchester command

temp_Ee Time before the next Manchester command may be given following a write to EEPROM 2.2 %ty -

tLow Time required to hold output low before the first Manchester edge 1 s -
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

ACS70312

Write to Register (Not EEPROM)

vee  fworel =
or —_—
PROG_EN 1 |
ouT  |MData M Data|
Manchester Earliest time
Host holds
d i for next
EOE'EE?;M oWl ouT low Manchester
command
Parameter Description Min. Max.
tscik System clock period after trimming 133 ns (7.5 MHz) | 167 ns (6 MHz)
toit Bit time 1 ps (1 MBd) 1 ms (1 kBd)
temp R Time before the next Manchester command may be given following a write to a register 2 s n/a
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Very High Precision, Programmable Linear Hall-Effect Sensor IC

ACS70312

with Reverse Battery Protection and High-Bandwidth (240 kHz)

Analog Output for Core-Based Current Sensing

Read (Controller to ACS70312)

The fields for the read command are:

» Sync (2 bits, both with a value of zero)
* Read/Write (1 bit, must be 1 for read)
» CRC (3 bits)

The sequence for a read command is shown in Figure 13.

Read/Write

i

1

1
Memory Address i CRC
|

i
1
Lo
Synchronize i i

0 0 1 0/ 010101 01 0101 01 0/1
MSB

Figure 13: Read Sequence

Read Acknowledge (ACS70312 to Controller)

The fields for the data return frame are:

» Sync (2 bits, both with a value of zero)
* Data (32 bits):

O [31:28] Not relevant

0 [27:26] ECC pass/fail

0 [25:0] Data

The sequence for a read acknowledge is shown in Figure 14. For
instructions about how to detect read/write synchronize memory
address data (32 bits) and ECC failure, refer to the Detecting
ECC Error section.

Data

(32 bits) CRC

i
1
i
Synchronize i

0 0 01010101---01 01010101
MSB

Figure 14: Read Acknowledgement Sequence

Write (Controller to ACS70312)

The fields for the write command are:

* Sync (2 bits, both with a value of zero)
* Read/Write (1 bit, must be 0 for write)
* Address (6 bits)
* Data (32 bits):

o [31:26] Not relevant

o [25:0] Data
* CRC (3 bits)

The sequence for a write command is shown in Figure 15. Bits
[31:26] are not relevant because the ACS70312 automatically
generates 6 ECC bits based on the content of bits [25:0]. These
ECC bits are stored in EEPROM at locations [31:26].

Read/Write Data

Memory Address (32 bits) CRC

1
Synchronize i

0 0 O 0710/ 01010/ 01010101...0101 01 Ol1|
MSB MSB

Figure 15: Write Sequence
Write Access Code (Controller to ACS70312)

The fields for the access code command are:

* Sync (2 bits, both with a value of zero)

* Read/Write (1 bit, must be 0 for write)

e Address (6 bits, address 0x36 for customer access)
« Data (32 bits, 0xC4136737 for customer access)

+ CRC (3 bits)

The sequence for an access code command is shown in Figure 16.

Read/Write Data

Memory Address (32 bits) CRC

1
Synchronize i

0 00 1 00 1 0 0O010101...01010101
MSB MSB

Figure 16: Write Access Code

The controller must open the serial communication with the
ACS70312 device by sending an access code. It must be sent
within access code timeout period, tycc, from power-up, or the
device becomes disabled for read and write access.

Access Codes Information

Name Serial Interface Format
Register Address (Hex) Data (Hex)
Customer 0x36 0xC4136737

ALLEGRO
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
ACS70312 with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

EEPROM Error Checking and Correction (ECC)

Hamming code methodology is implemented for EEPROM
checking and correction. The device has ECC enabled after
power-up.

The device always returns 32 bits.

The message received from the controller is analyzed by the

Detecting ECC Error

If an uncorrectable error has occurred, bits 27:26 are set to 10,
the VOUT pin goes to a high-impedance state, and the device
does not respond to the applied magnetic field.

EEPROM ECC Errors

device EEPROM driver and ECC bits are added. The first 6 Bits Name Description
received bits from device to controller are dedicated to ECC. 31:28 - No meaning
s . . 00 = No Error
The Manchester serial interface uses a 3-bit cyclic redundancy 726 ECC 01 = Error detected and message corrected
check (CRC) for data-bit error checking (synchronized bits : 10 = Uncorrectable error
are ignored during the check). The CRC algorithm is based on 11 = No meaning
the polynomial g(x) = x3 + x + 1 and is initialized to 111 when 25:0 D[25:0]  EEPROM data
first powered up. Write commands written to the peripheral are
checked against the embedded CRC field.
Table 2: Customer Memory Map
Address Register Name Parameter Name Description riw Bits | Location
CUSTOMER_ Unused register that can be written to, as needed, for .
0x4 SCRATCH_C SCRATCH customer data storage RW 26 25:0
SENSF Sensitivity, fine adjustment, 2’s-complement register RW 9 8:0
05 CUSTO_C QVOF QU|escent output vqltage (QVO), fine adjustment, RW 9 179
2’s-complement register
SENSC ] Coarse sensitivity RW 2 19:18
RAT DIS Ratiometry Q|saple; Sen§ an.d Vour(q) are not RW 1 2
guaranteed if ratiometry is disabled
UNI_ENTII Enables unidirectional output RW 1 4
0x6 cusT1_C CLAMP_EN Clamp enable RW 1 5
pPOLIM Reverses output polarity RW 1 6
DEV_LOCK Bit to lock the serial interface from receiving data RW 1 7
CUSTOMER_ .
0x28 STATUS_C ACCESS Customer write access enabled RO 1 0
CUSTOMER_ Write 0xC4136737 to address 0x36 within tycc to .
0x36 UNLOCK_C UNLOCK unlock the device WO 32 31:0
[111f this register is changed from the factory default, overtemperature performance is no longer valid.
24
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Very High Precision, Programmable Linear Hall-Effect Sensor IC
with Reverse Battery Protection and High-Bandwidth (240 kHz)
Analog Output for Core-Based Current Sensing

PACKAGE OUTLINE DRAWINGS

For Reference Only - Not for Tooling Use

(Reference DWG-0000426, Rev. 1)
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Dimensions in millimeters - NOT TO SCALE

Dimensions exclusive of mold flash, gate burs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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@ Standard Branding Reference View

Lines 1, 2 = 4 characters.

Line 1: Part Number
Line 2: 4-digit Date Code

& Dambar removal protrusion (16x)
Gate and tie burr area

& Branding scale and appearance at supplier discretion
& Molded Lead Bar for preventing damage to leads during shipment

A Active Area Depth, 0.37 £0.03 mm

A Hall element, not to scale

Figure 17: Package KT, 4-Pin SIP, TN Leadform
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Revision History

Number

Date

Description

October 30, 2023

Preliminary

March 4, 2024

Initial release: Updated sensitivity error, sensitivity range, and sensitivity linearity error (page 7); moved
maximum field range to a magnetic characteristics section (page 8); aligned symbol for average quiescent
voltage output programming step size throughout by changing Stepyoyr(q) to Vour(a)step (Page 11);
corrected plot of on/off behavior (page 14); corrected address for STATUS_C register and added notes

to QVOF and SENSF registers (page 24); corrected Hall-element location (page 25); and made minor

editorial corrections throughout (all pages)

March 14, 2024

Released for publication (no content changes; headings only)

April 3, 2024

Updated Selection Guide Sensitivity Programming Range values (page 3) and Sensitivity Programming

Range values (page 7).

October 15, 2024

Modified footnote for sensitivity linearity error operating characteristic (page 8), modified default lock
description (page 16), tacc characteristic (pages 16 and 18), and overtemperature performance notes in

customer memory map table (page 24)

November 7, 2024

Corrected linearity sensitivity error range (page 12)
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