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A1391, A1392, A1393, and A1395

Micro Power 3V Linear Hall Effect Sensors
withTri-State Output and User-Selectable Sleep Mode

Features and Benefits

= High-impedance output during sleep mode

= Compatible with 2.5 to 3.5 V power supplies

= 10 mW power consumption in the active mode

* Miniature MLP/DFN package

= Ratiometric output scales with the ratiometric supply

reference voltage (VREF pin)

= Temperature-stable quiescent output voltage and

sensitivity

=  Wide ambient temperature range: —20°C to 85°C
= ESD protection greater than 3 kV

= Solid-state reliability

= Preset sensitivity and offset at final test

Package: 6 pin MLP/DFN (suffix EH)

O

Approximate scale

Description

The A139x family of linear Hall effect sensor integrated circuits
(ICs) provide a voltage output that is directly proportional to
an applied magnetic field. Before amplification, the sensitivity
of typical Hall effect ICs (measured in mV/G) is directly
proportional to the current flowing through the Hall effect
transducer element inside the ICs. In many applications, it
is difficult to achieve sufficient sensitivity levels with a Hall
effect sensor IC without consuming more than 3 mA of current.
The A139x minimize current consumption to less than 25 pA
through the addition of a user-selectable sleep mode. This makes
these devices perfect for battery-operated applications such as:
cellular phones, digital cameras, and portable tools. End users
can control the current consumption of the A139x by applying a
logic level signal to the SLEEP pin. The outputs of the devices
are not valid (high-impedance mode) during sleep mode. The
high-impedance output feature allows the connection of multiple
A139x Hall effect devices to a single A-to-D converter input.

The quiescent output voltage ofthese devices is 50 % nominal of
the ratiometric supply reference voltage applied to the VREF pin
of'the device. The output voltage of the device is not ratiometric
with respect to the SUPPLY pin.

Continued on the next page...
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A1391, A1392,

A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Description (continued)

Despite the low power consumption of the circuitry in the A139x,
the features required to produce a highly-accurate linear Hall effect
IC have not been compromised. Each BICMOS monolithic circuit
integrates a Hall element, improved temperature-compensating
circuitry to reduce the intrinsic sensitivity drift of the Hall element,
a small-signal high-gain amplifier, and proprietary dynamic

Selection Guide

offset.

Part Number (ievr}gtl_}_/;:)y) Packing
A1391SEHLT-T 1.25 7-in. reel, 3000 pieces/reel
A1392SEHLT-T 2.50 7-in. reel, 3000 pieces/reel
A1393SEHLT-T 5 7-in. reel, 3000 pieces/reel
A1395SEHLT-T 10 7-in. reel, 3000 pieces/reel

Absolute Maximum Ratings*

offset cancellation circuits. End of line, post-packaging, factory
programming allows precise control of device sensitivity and

These devices are available inasmall 2.0 x 3.0 mm, 0.75 mmnominal
height microleaded package (MLP/DFN). It is Pb (lead) free, with
100% matte tin leadframe plating.

Supply Voltage Vee 8 Vv
Reverse-Supply Voltage Vree -0.1 \Y
Ratiometric Supply Reference Voltage VRer 7 \%
Reverse-Ratiometric Supply Reference Voltage VRREF -0.1 \Y
Logic Supply Voltage Vasreep | Ve >25VY) 32 \Y
Reverse-Logic Supply Voltage VRSTEEP -0.1 \%
Output Voltage Vout Vec + 0.1 \
Reverse-Output Voltage VrouT -0.1 \
Operating Ambient Temperature Ta Range S —-20to85 °C
Junction Temperature T,(MAX) 165 °C
StorageTemperature Tstg -651t0170 | °C

*All ratings with reference to ground

Pin-out Diagram

vee [13 i

, 1
ouT [2 1! !

- ) )
GND |_3

1 vrRer

SLEEP
GND

Terminal List Table

Pin Name Function
1 VCC Supply
2 ouT Qutput
3 GND Ground
4 GND Ground
5 SLEEP | Toggle sleep mode
6 VREF Supply for ratiometric reference

MlcroSystems [
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A1391, A1392,

Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

Device Characteristics Tables

ELECTRICAL CHARACTERISTICS valid through full operating ambient temperature range, unless otherwise noted

Characteristic Symbol Test Conditions Min. Typ.1 Max. Units
Supply Voltage Vee 25 - 3.5 \Y,
Nominal Supply Voltage Veen - 3.0 - V
Supply Zener Clamp Voltage Veez lcc=7mA, Ty =25°C 6 8.3 - V
Ratiometric Reference Voltage? VRer 2.5 - Vee \%
Ratiometric Reference Zener Clamp Voltage | Vgerz |lvrep =3 MA, Ty=25°C 6 8.3 - \Y,
SLEEP Input Voltage 0.1 - Ve + 0.5 \Y,
_ \Y, F ti - 45 x - \Y,
SLEEP Input Threshold e |For active mode 045 x Veg
ViNL For sleep mode - 0.20 x V¢ - V
yoeee 7 Vinn Vee=Veen. | 50 - - kQ
Ratiometric Reference Input Resistance RRrer A
VsLeep < VinL, Vee = Veen, _ 5 _ MQ
Ty =25°C
Chopper Stabilization Chopping Frequency fc Vee=Veen: Ta=25°C - 200 - kHz
SLEEP Input Current Isteep  |Vsteep =3V, Vec = Veen - 1 - HA
Vsteep < VinL, Vee = Veen, _ 0.025 _ mA
Tp=25°C
Supply Current3 lec
Vsieep > Vinu s Vee = Veen, _ 39 _ mA
Ty =25°C ’
Quiescent Output Power Supply Rejection* | PSRyoq [fac < 1 kHz - -60 - dB

1Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions, such as T = 25°C. Performance
may vary for individual units, within the specified maximum and minimum limits.

2 Voltage applied to the VREF pin. Note that the Vrgr voltage must be less than or equal to V.. Degradation in device accuracy will occur with applied

voltages of less than 2.5 V.

3 If the VREF pin is tied to the VCC pin, the supply current would be lcc * Vrer/ Rrer
4 fac is any ac component frequency that exists on the supply line.

MlcroSystems Inc.
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A1391, A1392,

A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

OUTPUT CHARACTERISTICS valid through full operating ambient temperature range, unless otherwise noted

Characteristic Symbol Test Conditions Min. Typ.! Max. Units
Output Voltage Saturation Vouth |B =X, Vee=Veen: Vrer s Vee - Vgreg — 0.1 - \Y
Limits? Vour.  |B=-X,Vec=Veen: Vrer = Vee - 0.1 - \
Maximum Voltage Applied
to Output S Voutmax |VsLeep < VinL - - Vee + 0.1 v

A1391 |Tp = 25°C, Ve = Vrer = Veen - 1.25 - mV/G
A1392 [T, =25°C, Ve = Vree = V - 2.50 - V/IG
Sensitivity3 Sens A _— “CC ~ TREF _ “CCN m
A1393 |Tp = 25°C, Ve = Vrer = Veen - 5 - mV/G
A1395 |Tp = 25°C, Ve = Vrer = Veen - 10 - mV/G
Quiescent Output Voutq |[Ta=25°C,B=0G - 0.500 x Vggg - \Y
fo+=1kHz, V > Vyy, active mode — 20 — Q
Output Resistance4 Routr R SLEEP ~ TINH
fOUt =1 kHZ, VSLEEP < V|NL’ Sleep mode - 4M - Q
Output Load Resistance RL Output to ground 15 - - kQ
Output Load Capacitance C. Output to ground - - 10 nF
Output Bandwidth BW \‘/3 dB \'30"“' Vour =1 Vpp sinusoidal, - 10 - kHz
cc = Vcen
bepass =0.1 pF,
- 6 12 mV
1391 BWexternaILPF =2 kHz PP
Chypass = 0.1 UF, no load - - 20 mVy,
Noise5.6 v, 1392 gbypass = 81 pllz, no load - - 40 mVo,
bypass — J-1 HF, _ 12 24 V
1393 WextermalLpr = 2 kHz MVpp
Cpypass = 0.1 WF, no load - - 40 mVy,
1395 | Cpypass = 0.1 UF, no load - - 80 mVo,

1Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions, such as T, = 25°C. Performance
may vary for individual units, within the specified maximum and minimum limits.
2This test requires positive and negative magnetic fields sufficient to swing the output driver between fully OFF and saturated (ON), respectively. The
value of vector X is NOT intended to indicate a range of linear operation.
3For Vgee values other than Vger = Ve s the sensitivity can be derived from the following equation: 0.416 x Vggr.
4f oyt is the output signal frequency_
5Noise specification includes digital and analog noise.
5Values for BWgytermalLpr do not include any noise resulting from noise on the externally-supplied VREF voltage.

MlcroSystems Inc.
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A1391, A1392, Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

OUTPUT TIMING CHARACTERISTICS! T, = 25°C

Characteristic Symbol Test Conditions Min. Typ.2 Max. Units
Power-On Time3 tpon - 40 60 us
Power-Off Time# tporr - 1 - us

1See figure 1 for explicit timing delays.

2Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions, such as T, = 25°C. Performance
may vary for individual units, within the specified maximum and minimum limits.

3Power-On Time is the elapsed time after the voltage on the SLEEP pin exceeds the active mode threshold voltage,V,yy, until the time the device output
reaches 90% of its value. When the device output is loaded with the maximum capacitance of 10 nF, the Power-On Time range is guaranteed for input
SLEEP pin frequencies less than 10 Hz.

4Power-Off Time is the duration of time between when the signal on the SLEEP pin switches from HIGH to LOW and when Ig¢ drops to under 100 pA.
During this time period, the output goes into the HIGH impedance state.

MAGNETIC CHARACTERISTICS T, = 25°C

Characteristic Symbol Test Conditions Min. Typ.* Max. Units
Ratiometry AVoutaay) - 100 - %
Ratiometry ASens,y) - 100 - %
Positive Linearity Lin+ - 100 - %
Negative Linearity Lin— - 100 - %
Symmetry Sym - 100 - %

*Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions, such as T, = 25°C. Performance
may vary for individual units, within the specified maximum and minimum limits.
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Electrical Characteristic Data

Supply Current versus Ambient Temperature
A139X, Voo = Ve =3V
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A1391, A1392, Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

Magnetic Characteristic Data
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

THERMAL CHARACTERISTICS may require derating at maximum conditions, see application information

illegro

MicroSystems, Inc.

Characteristic Symbol Test Conditions Min. |Units
1-layer PCB with copper limited to solder pads 221 | °C/W
. 2-layer PCB with 0.6 in.2 of rar h si nn
Package Thermal Resistance Roja aye C th 0.6 of copper area each side, connected by 70 |°C/W
thermal vias
4-layer PCB based on JEDEC standard 50 |°C/W
Power Dissipation versus Ambient Temperature
4500
4000
3500
< 4-layer PCB
% 3000 QL(RBJA = 50 °C/W)
fa) 2-layer PCB
“c-, 2500 \/ (Rgsa = 70 °C/W)
2 2000
§=> \< \(7 1-layer PCB
2 1500 B2t
o) ~
5 X\ ~
£ 1000 ~~C
o SN
SN
500 —— =
\\\\\\\ \\Q
0 . . . . TT==3a
20 40 60 80 100 120 140 160 180
Temperature (°C)
Allegro MicroSystems, Inc. 8
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Characteristics Definitions

Ratiometric. The A139x devices feature ratiometric output.
The quiescent voltage output and sensitivity are proportional to
the ratiometric supply reference voltage.

The percent ratiometric change in the quiescent voltage output is
defined as:

Linearity and Symmetry. The on-chip output stage is
designed to provide a linear output with maximum supply voltage
of Voen. Although application of very high magnetic fields will
not damage these devices, it will force the output into a non-lin-
ear region. Linearity in percent is measured and defined as

) Voures) — Youtq
A ~ Aoutqvren™ Afoutqev) . (1) Lint = ————————————— x100% 3)
OUTQAV) = Vegr =3V %100 % 2(VoutB/2)~ Yourq)
and the percent ratiometric change in sensitivity is defined as: Vourcs ~ Vouto
ASens, = ASens, Lin—= x 100% (4)
VREE)™ 3v -
ASensay) = % % 100% (2) 2(Vout-B/2)~ Yourq)
REF ™
and output symmetry as
Vour@s) — Youto
Sym = ——————— X100 % (5 )
Voutq — Your(-B)
Allegro MicroSystems, Inc. 9
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Device Low-Power Functionality

A139x are low-power Hall effect sensor ICs that are perfect for
power sensitive customer applications. The current consumption
of these devices is typically 3.2 mA, while the device is in the
active mode, and less than 25 pA when the device is in the sleep
mode. Toggling the logic level signal connected to the SLEEP pin
drives the device into either the active mode or the sleep mode.
Alogic low sleep signal drives the device into the sleep mode,
while a logic high sleep signal drives the device into the active
mode.

In the case in which the VREF pin is powered before the VCC
pin, the device will not operate within the specified limits until
the supply voltage is equal to the reference voltage. When the
device is switched from the sleep mode to the active mode, a time
defined by tpon must elapse before the output of the device is

valid. The device output transitions into the high impedance state
approximately tpopp seconds after a logic low signal is applied to
the SLEEP pin (see figure 1).

If possible, it is recommended to power-up the device in the
sleep mode. However, if the application requires that the device
be powered on in the active mode, then a 10 kQ resistor in series
with the SLEEP pin is recommended. This resistor will limit the
current that flows into the SLEEP pin if certain semiconductor
junctions become forward biased before the ramp up of the volt-
age on the VCC pin. Note that this current limiting resistor is not
required if the user connects the SLEEP pin directly to the VCC
pin. The same precautions are advised if the device supply is
powered-off while power is still applied to the SLEEP pin.

Vee J

VsLeep —
\
Bfie|d+: -------- - - s ] e — i —
-B
ot tPOFF—w: H trorr—

Figure 1. A139x Timing Diagram

Allegro MicroSystems, Inc. 10
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Device Supply Ratiometry Application Circuit

Figures 2 and 3 present applications where the VCC pin is con-
nected together with the VREF pin of the A139x. Both of these
pins are connected to the battery, Vbat2. In this case, the device
output will be ratiometric with respect to the battery voltage.

The only difference between these two applications is that the
SLEEP pin in figure 2 is connected to the Vbat2 potential, so the
device is always in the active mode. In figure 3, the SLEEP pin is
toggled by the microprocessor; therefore, the device is selectively
and periodically toggled between active mode and sleep mode.

In both figures, the device output is connected to the input of an
A-to-D converter. In this configuration, the converter reference
voltage is Vbatl.

It is strongly recommended that an external bypass capacitor be
connected, in close proximity to the A139x device, between the
VCC and GND pins of the device to reduce both external noise
and noise generated by the chopper-stabilization circuits inside of
the A139x.

Vbat1 Cbypass |Vbat2

L R -+

- Supply pin anidl
VCC VREF

— Micro- /O - A139x

processor T
ouT SLEEP—
1/0

GND GND

Figure 2. Application circuit showing sleep mode disabled and output ratiometirc to the

A139x supply.
Vbat1 Cbypass |Vbat2
Sl +
R Supply pin ahl
L VCC VREF
— Micro- — = A139x
processor T - -
ouT SLEEP—
L{1/0
GND GND

Figure 3. Application circuit showing microprocessor-controlled sleep mode and output ratiome-

tirc to the A139x supply.

illegro
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A1391, A1392, Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

Application Circuit with User-Configurable Ratiometry

In figures 4 and 5, the microprocessor supply voltage determines  between the active and sleep modes.
the ratiometric performance of the A139x output signal. As in the
circuits shown in figures 2 and 3, the device is powered by the
Vbat2 supply, but in this case, ratiometry is determined by the
microprocessor supply, Vbatl.

The capacitor Cy;),., is optional, and can be used to prevent pos-
sible noise transients from the microprocessor supply reaching
the device reference pin, VREF.

The SLEEP pin is triggered by the output logic signal from the It is strongly recommended that an external bypass capacitor be
microprocessor in figure 5, while in figure 4, the SLEEP pin is connected, in close proximity to the A139x device, between the
connected to the device power supply pin. Therefore, the device =~ VCC and GND pins of the device to reduce both external noise
as configured in figure 4 is constantly in active mode, while and noise generated by the chopper-stabilization circuits inside of

the device as confiugred in figure 5 can be periodically toggled the A139x.

Cfilter E Vba_’£1 Cpypass | Vbat2
- *1 R
- Supply pin T -1
VCC VREF 1
— = Micro- 0] pp— e A139x
processor
I OUT SLEEP
110

GND GND

Figure 4. Application circuit showing ratiometry of Vgee. Sleep mode is disabled and the VREF
pin is tied to the microprocessor supply.

—

Criter: Vbat1 Chypass | Vbat2
P R N
Supply pin dh.
VCC VREF

—— — Micro- 0 S I - A139x

- - processor - -
r OUT SLEEP

{e]

GND GND

Figure 5. Application circuit showing device reference pin, VREF, tied to microprocessor supply. The device
sleep mode also is controlled by the microprocessor.
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A1391, A1392, Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

Summary of Single-Device Application Circuits

Device Pin Connections

Application Circuit VREF pin (Ratiometric STEEP pin Device Output
Reference Supply) P
Vba+t1 bepassjﬁbatZ
- Supply pin -
\Y[ele VREF
— Micro- 4 e A139x Connected to Connected to Ratiometric to device
processor ouT SLEEP A139x device supply,  A139x device supply,  supply (VCC), and
o VCC VCC always valid
— GND GND 1
Vbat1 1 Cbypass szatz
- Supply pin T
Micro vee A139 VREF Connected to Ratiometric to device
— brocessor Voj = = X A139x device SUoD| Controlled by supply (VCC), and
ouT SLEEP vee PRI, microprocessor controlled by the
Lo microprocessor
I GND GND
CfilterLVba!I bepasﬂxbatz
I Supply pin I I
vce VREF
i Connected to Ratiometric to micro-
= = Micro- yol =~ — —=
processor - = AT39x g(i)cnrze(r:éii;(;or suppl A139x device supply, processor supply, and
o out SLEEP [ P PPY vee always valid

GND GND

Cfiter:_Vbat] Chypass | Vbat2
- Supply pin . . .
vee VREF Ratiometric to micro-
— Micro- 0 — A139x Connected to Controlled by processor Supply’

processor - . .
\— ouT SLEEP microprocessor supply — microprocessor and controlled by the

\\H\
H g

Vo microprocessor

GND GND

jas - Allegro MicroSystems, Inc. 13
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A1391, A1392, Micro Power 3 V Linear Hall Effect Sensors with
A1393,and A1395  Tri-State Output and User Selectable Sleep Mode

Application Circuit with Multiple Hall Devices and a Single A-to-D Converter

Multiple A139x devices can be connected to a single micro-
processor or A-to-D converter input. In this case, a single
device is periodically triggered and put into active mode by
the microprocessor. While one A139x device is in active
mode, all of the other A139x devices must remain in sleep
mode. While these devices are in sleep mode, their outputs
are in a high-impedance state. In this circuit configuration,
the microprocessor reads the output of one device at a time,

according to microprocessor input to the SLEEP pins.

When multiple device outputs are connected to the same
microprocessor input, pulse timing from the microproces-
sor (for example, lines A1 through A4 in figure 6) must be
configured to prevent more than one device from being in the
awake mode at any given time of the application. A device
output structure can be damaged when its output voltage is
forced above the device supply voltage by more than 0.1 V.

Coypass |Vbat2

VCC  VREF —
A139x

OUT SLEEP ———

GND GND 1

i

Cpypass | /a2
N

Hm
i

VCC  VREF ——
A1391x

OUT SLEEP ——

R | Supply pin
Citer ! Vbat1- PRy P

Microprocessor

A1l

1 A2
Al — A3

GND GND

il

l[e)

Coypass |VPat2
.

e
),

VCC  VREF —
A139x

— A4
n

OUT SLEEP —4

GND GND 1

Vbat2
bepas .

VCC VREF ——

A139x

OUT SLEEP [—

GND GND 1

Hm
B

w}—‘

Figure 6. Application circuit showing multiple A139x devices, controlled by a single microprocessor.
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A1391, A1392,
A1393, and A1395

Micro Power 3 V Linear Hall Effect Sensors with
Tri-State Output and User Selectable Sleep Mode

Package EH, 6-pin MLP/DFN

Dimensions preliminary only, not for tooling use

(reference JEDEC MO-229 WCED)

Dimensions in millimeters

U.S. Customary dimensions (in.) in brackets, for reference only

2.151.085
1.85[.073

1 [0394]
NOM
A

|

T
A\ 15 [0591] &\

NOM T
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions * 3.15[.124
Exact case and lead configuration at supplier discretion within limits shown ] 2.85].112 % N
Terminal #1 mark area
Exposed thermal pad \

A Hall Element (not to scale); U.S. customary dimensions controlling

A\ nciive Area Depth, 0:34 [013] ‘

& Reference pad layout (reference IPC7351); adjust as 5X % ¢ SEATING
necessary to meet application process requirements; o |0,03 1.oo3]| ¢ - PLANE
when mounting on a multilayer PCB, thermal vias at the | =
exposed thermal pad land can improve thermal 6x 030 {012} L_ L 0.80 031
dissipation (reference EIAIJEDEC Standard JESD51-5) 0.18 | .007 0.70 [023}

PG oM@ clals] 020 [ 008]
0.05 [.002] W ¢ REF
050 [020 J]—=I == | 005[.00
0.00 [ .000
050 [020] | |
A 0.30 [012] ‘<-
6
- m 12
1.00 1039 ] 0.65 [.026 § ‘
v 0.45 |.018 _U U
3.70[ 146 | ‘ ' ‘
[ —1.224[.0482]
1.25[ .049] * ‘ 0225[ 009 ] ot
y : NOM
J REF
1
0.25 [010]_1 n m
I i 6
1
025 [010] > == 1.042[0410]
0.95 [037] NOM

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920; 5,264,783; 5,442,283; 5,389,889;
5,581,179; 5,517,112; 5,619,137; 5,621,319; 5,650,719; 5,686,894; 5,694,038; 5,729,130; 5,917,320; and other patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required to permit
improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the

information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for its use;
nor for any infringement of patents or other rights of third parties which may result from its use.
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