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Highly Programmable Linear Hall-Effect Sensor IC

FEATURES AND BENEFITS
On-board diagnostics
o Broken ground detection
0 Vcc undervoltage detection
O Vc overvoltage detection

» Customer-programmable offset, sensitivity, polarity, and

output clamps

» Integrated power supply and output bypass capacitors
» Customer and factory access code for enhanced

reliability

o Factory code required for write access to TC trim and

other factory registers

o Customer code required for write access to customer

registers

Continued on the next page...

PACKAGE: 3-pin SIP (suffix UC)

Not to scale

DESCRIPTION

The Allegro™ A 1377 programmable linear Hall-effect sensor
IC is designed for applications that require high accuracy
and high resolution without compromising bandwidth. The
A1377 employs segmented, linearly interpolated temperature
compensation technology. This improvement greatly reduces
the total error of the device across the whole temperature
range. As a result, the device is ideally suited for sensing in
numerous automotive applications, such as linear and rotary
position sensors in actuators and valves.

Auvailable in a through-hole, small form factor, single in-line
package (SIP), the A1377 Hall-effect sensor IC has a broad
range of sensitivity and offset operating bandwidth. The
accuracy and flexibility of this device is enhanced with user
programmability, via the VCC and output pins, which allows
the device to be optimized in the application.

Thisratiometric Hall-effect sensor IC provides a voltage output
that is proportional to the applied magnetic field. The quiescent
voltage output (QVO) is user-adjustable from approximately
5% to 95% of the supply voltage. The device sensitivity is
adjustable within the range of 1 to 14 mV/G.

The features of this linear device make it ideal for use in
automotive and industrial applications requiring high accuracy,
and apply across an extended temperature range, from —40°C
to 150°C.

Continued on the next page...
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

FEATURES AND BENEFITS (continued)

DESCRIPTION (continued)

» Temperature-stable quiescent voltage output and sensitivity: Each BiCMOS monolithic circuit integrates a Hall element,
sensitivity temperature coefficient (TC) and QVO temperature  temperature-compensating circuitry to reduce the intrinsic sensitivity
coefficient programmed at Allegro for improved accuracy drift of the Hall element, a small-signal high-gain amplifier, a

» Optional output voltage clamps provide short-circuit

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

* Enhanced EMC performance for stringent automotive

applications

SELECTION GUIDE

clamped low-impedance output stage and a proprietary dynamic
offset cancellation technique.

The A1377 sensor is provided in a 3-pin single in-line package (UC
suffix) with bypass capacitors integrated into the package. It is lead
(PB) free, with 100% matte-tin leadframe plating.

Part Number

Packing*

A1377LUCTN-TC[N]-T

4000 pieces per 13-inch reel

*Contact Allegro™ for additional packing options.

Configuration Option
— =

A1377LUCTN -TCN -

T

T— Leadframe plating — T : 100% matte tin

Temperature Compensation (%/°C)

TC1: 0.12 (Default; for NdFeB)
TC3: 0.035 (For SmCo)

Allegro Identifier and Device Type — A1377

Operating Temperature Range, T, — L: —40°C to 150°C

Package Designator — UC

Instructions (Packing) — TN: Tape and reel, 4000 pieces per 13-inch reel
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

ABSOLUTE MAXIMUM RATINGS

SPECIFICATIONS

Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee 16 \%
Reverse Supply Voltage VRree -16 V
Forward Output Voltage Vout Voutr <Vec+ 2 16 \
Reverse Output Voltage Vrout T,(max) not exceeded -5 \%
Output Source Current lout(source) | VOUT to GND 10 mA
Output Sink Current louT(sink) VCC to VOUT -10 mA
At absolute maximum conditions, the device sinks not more
Reverse Supply Current lrce than 50 mA -50 mA
Operating Ambient Temperature Ta L temperature range —40 to 150 °C
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature Tstg —651t0 170 °C
THERMAL CHARACTERISTICS: May require derating at maximum conditions; see application information
Characteristic Symbol Test Conditions* Value Unit
Package Thermal Resistance Rosa E:;lgwated, on single-layer PCB with copper limited to solder 201 oc/W
*Additional thermal information available on the Allegro website.
Terminal List Table
Number Name Function
1 vee Device power supply, also used for
programming
2 GND Device ground
3 VOUT Output signal, also used for programming

—
2
o
>

UC Package Pinout Diagram
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A1377 Highly Programmable Linear Hall-Effect Sensor IC

OPERATING CHARACTERISTICS: Valid across full T, range, Cgypass = 0.1 pF (internal), Vqc = 5 V, unless otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. Max. Unit?!
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 4.5 5 5.5 \Y
Supply Current lcc No load on VOUT - 7.5 10 mA
Reverse Supply Current Ircc Vec =-15V, Ty =25°C -10 - - mA
Power-On Time 2 tpo Ta=25°C, Cioap(prose) = 10 PF - 400 2000 us
Delay to Clamp? toLp Tp=25°C, C, =100 nF - 30 - us
Internal Bandwidth BW,; Large signal -3 dB - 2.5 - kHz
Chopping Frequency fc Tp=25°C - 125 - kHz
OUTPUT CHARACTERISTICS

Output Referred Noise " Vy -rl;g Toig (():n \C;(B)YG’.?.SS = open, Sens = 2.5 mV/G, - 2.1 6 mMVrms

Ta = 25°C, Cgypass = open, no load on VOUT,

Input-Referred RMS Noise Density 11 VNRMS magnetic input signal frequency << BW, - 2.5 6 mG/Hz
DC Output Resistance 11 Rout - 1 100 Q
VOUT to VCC 4.7 - - kQ
Output Load Resistance R.
VOUT to GND 4.7 - - kQ
Output Load Capacitance (Internal)3 C, VOUT to GND - 0.1 - uF
Output Load Capacitance (External) Cix VOUT to GND - - 0.47 uF
Propagation Delay ! tpp Cx=0 - - 0.5 ms
Response Time 11 tresponse | Cx =0 - - 2 ms
Output Saturation Voltage VoutaH | ReuLLoown = 4.7 kQ, CLAMP_HIGH = 0 4.65 48 - v
Vourgayt | ReutLup = 4.7 kQ, CLAMP_LOW = 0 - 0.2 0.35 %
PRE-PROGRAMMING TARGET4
P{,i'.f’;;é’rgﬂlg‘u'?g Quiescent Vourynt | Magnetic Input B =0 G, T, = 25°C - 25 - v
Pre-Programming Sensitivity Sens;,;t Tp=25°C - 6 - mV/G
Pre-Programming Sensitivity TC1sensinit | Ta = 150°C, calculated relative to Ty = 25°C - 0.12 - %I°C
Temperature Compensation 12 TC3gensinit | Ta = 150°C, calculated relative to Ty = 25°C - 0.035 - %/°C
P\r/i'lgggrgz‘tm‘%%‘t“escem AVour | Ta= 150°C, calculated relative to Ty = 25°C - 0 - mv/°C
Pre-Progra_mming Output Voltage v | Ta=25°C, RpyLLpown = 4.7 kQ, _ Y _ v
Clamp (High) CLP(H)init | CLAMP_HIGH =0 OUT(sat)H
Pg;':gg(fgv';"”g OutputVoltage |y ot | Ta= 25°C, Reuuup = 4.7 kQ, CLAMP_LOW = 0 - | Vourean | - v

Continued on the next page...
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A1377 Highly Programmable Linear Hall-Effect Sensor IC

OPERATING CHARACTERISTICS (continued): Valid across full T, range, Cgypass = 0.1 pF (internal), Voc =5V, unless
otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. Unit?!
OUTPUT VOLTAGE CLAMP PROGRAMMING
Output Voltage Clamp (High Range) | Veippichy | Ta=25°C, RL = 4.7 kQ 2 - VouT(satH \Y
Output Voltage Clamp (Low Range) | Vciprow) | Ta=25°C, R =4.7 kQ VouT(satiL - 3 \
Output Voltage Clamp Programming | BITciphicH - 9 - bit
Bits BITcLpLow - 9 - bit

Output Voltage Clamp Programming
Average Step Size

QUIESCENT VOLTAGE OUTPUT PROGRAMMING

STEPCLP - 10 - mV

QVO_COARSE = 0, QVO_FINE = 0, Magnetic
InputB =0 G, Ty=25°C

QVO_COARSE = 1, QVO_FINE = 0, Magnetic
Input B=0G, Ty =25°C

Typical Quiescent Voltage Output vV QVO_COARSE = 2, QVO_FINE = 0, Magnetic _ 45 _ v
Coarse Adjustment OUT(QIINIT | [nput B = 0 G, T, = 25°C :

QVO_COARSE = 3, QVO_FINE = 0, Magnetic

Input B=0G, Ty =25°C - 5 - v
QVO_COARSE =4, QVO_FINE = 0, Magnetic _ 05 _ Y
InputB=0G, Ty =25°C ’
QVO_COARSE = 0, Magnetic Input B =0 G, 9 _ 3 v
Tp=25°C
QVO_COARSE = 1, Magnetic Input B =0 G, 3 _ 4 v
Tp=25°C
Quiescent Voltage Output Fine vV QVO_COARSE = 2, Magnetic Input B =0 G, 4 Vv v
Range ouT(Q) TA =25°C - OUT(sat)H
QVO_COARSE = 3, Magnetic Input B =0 G, 1 _ 2 v
Tp=25°C
QVO_COARSE = 4, Magnetic Input B =0 G, 1
Tp=25°C VouTsatL - Y,
- 3 - bit
Quiescent Voltage Output COAR
Programming Bits BITqvo .
FINE - o - bit
Average Fine Quiescent Voltage _ nro
OUtpUt Step Size 256 StepVOUT(Q) TA =25°C 2.4 2.8 3 mV
Quiescent Voltage Output Errpg - oro _ StepyouT(q) _
Programming Resolution” VOUT(Q) Ta=25°C x 0.5 mV
Continued on the next page...
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

OPERATING CHARACTERISTICS (continued): Valid across full T, range, Cgypass = 0.1 UF (internal), Voc =5V, unless

otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. Unit1
SENSITIVITY PROGRAMMING
BlTsens . _ _ .
. . . COAR Coarse (range selection) 2 bit
Sensitivity Programming Bits BT
SENS ; ; _ _ .
FINE Fine (value selection) 9 bit
SENS_COARSE =0, SENS_FINE =0,
T,= 25°C - 1.67 - mV/G
. o SE_NS_OCOARSE =1, SENS_FINE =0, _ 335 _ mv/G
Typical Sensitivity for Coarse Sens Tp=25°C
Adjustment COARSE | SENS_COARSE =2, SENS_FINE =0, ~ 6.34 ~ /G
Tp=25°C '
SENS_COARSE = 3, SENS_FINE =0,
T,= 25°C - 12.12 - mV/G
SENS_COARSE =0, Ty=25°C 1 - 1.94 mV/G
Sensitivity Fine R s SENS_COARSE =1, Tpy=25°C 1.94 - 3.75 mV/G
ensitivity Fine Range ens
Y 9 SENS_COARSE =2, Ty=25°C 3.75 - 7.28 mV/G
SENS_COARSE = 3, Ty=25°C 7.28 - 14.1 mV/G
SENS_COARSE =0, Ty=25°C 3.6 4.5 5.7 pVvIG
o ) SENS_COARSE =1, Ty=25°C 7.22 9.07 1.4 Wie
Average Sensitivity Step Size26.7 Stepsens -
SENS_COARSE =2, Tpy=25°C 13.7 17.2 216 pv/IG
SENS_COARSE = 3, Ty=25°C 26.1 32.8 41.4 pVv/IG
e ) ) Err, o +(Step.
7 PROG = _ SENS _
Sensitivity Programming Resolution SENS Tp=25°C x 0.5) pVv/IG
POLARITY PROGRAMMING
Directional Programming Bit8 BlTpoL - | 1 | - bit
ERROR COMPONENTS
Linearity Sensitivity Error Lingrr -1 0.5 1 %
Symmetry Sensitivity Error Symegrr -1 +0.5 1 %
Ratiometry Quiescent Voltage Across supply voltage range (relative to N o
Output Error® RatyoyT(q) Voe=5V) 0.5 $0.25 0.5 %
Ratiometry Sensitivity Error® Ratggng Ccro:%g \S;l;pply voltage range (relative to -1 0.5 1 %
cc™
Ratiometry Clamp Error10 RatyouroLp I;*; 25_gilf;‘cr°ss supply voltage range (relative | _ g £0.25 0.5 %
cc”

Continued on the next page...
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A1377 Highly Programmable Linear Hall-Effect Sensor IC

OPERATING CHARACTERISTICS (continued): Valid across full T, range, Cgypass = 0.1 UF (internal), Voc =5V, unless
otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. Unit1
ADDITIONAL CHARACTERISTICS

SENS_COARSE =0, 1, 2
or -20 - +20 mV
Quiescent Voltage Output Drift AV QVO_COARSE =0, 1,3
Through Temperature Range 13 OUT@ | SENS COARSE = 3
or -30 - +30 mV
QVO_COARSE =2, 4
Sensitivity Drift Error Through _ o o
Temperature Range 14 ASenstcerp)| Programmed at Ty = 150°C -2 - 2 Yo
Sensitivity Drift Error Due to _ opo . o
Package Hysteresis ASenspyg | Ta=25°C, after temperature cycling - +1.5 - %o
DIAGNOSTIC LEVELS
Overvoltage Detection (Low) VecoviLow) 7.6 8.2 8.6 \Y
Overvoltage Detection (High) Vecov(HigH) 8.6 9.2 9.6 \
Undervoltage Detection (Low) Vecuviow) 3.7 3.9 4.1 \
Undervoltage Detection (High) Vecuv(HiGH) 3.9 4.1 4.3 \Y
Output Diagnostic Voltage VouTpiac 0.94 0.96 Vee \Y
Ve Vec

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

2 See Characteristic Definitions.

3 A 0.1 uF capacitor is located from VCC to GND and another from VOUT to GND within the package. Contact Allegro for manufacturer specifications.

4 Value of characteristics before customer programming.

5 Step size is larger than required, to account for manufacturing spread and temperature compensation. See Characteristic Definitions.

6 Non-ideal behavior in the programming DAC can cause the step size at each significant bit rollover code to be twice the maximum specified value of Stepyoyr(q) O
Stepsens-

7 Fine programming value accuracy. See Characteristic Definitions.

8 Default polarity defined as increasing output voltage, VT, in response to a positive (south polarity) field applied to the branded face of the device.

9 Percent change from actual value at Vc = 5V, for a given temperature.

10 Percent change from actual value at Vo =5V, Ty = 25°C.

11 Parameter not tested, maximum value determined from characterization only.

12 For additional Pre-Programming Sensitivity Temperature Compensation values please contact Allegro MicroSystems.

13 For combination of SENS_COARSE and QVO_COARSE, the wider specification applies.

14 Sensitivity Drift is determined as deviation from the ideal Sensitivity at Ty. See Characteristic Definitions, Sensitivity Drift Through Temperature Range, for more
information.
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A1377 Highly Programmable Linear Hall-Effect Sensor IC

CHARACTERISTIC DEFINITIONS

Response Time: (txgsponse) The time interval between a) when
the applied magnetic field reaches 80% of its final value, and

Power-On Time: When the supply is ramped to its operating
b) when the sensor reaches 80% of its output corresponding to the

voltage, the device requires a finite time to react to an input mag-
netic field. Power-On Time, tpq , is defined as the time it takes
for the output voltage to settle within 90% of its final value in
response to an applied magnetic field, as shown in Figure 1 Quiescent Voltage Output: In the quiescent state (no significant
magnetic field: B =0 G), the output, Voyr(g), equals a ratio of
the supply voltage, V-, throughout the entire operating ranges
of V¢ and ambient temperature, Ty .

Quiescent Voltage Output Range: The Quiescent Voltage
Output, Voyr(q)» can be programmed around 2.5 V within

the Quiescent Voltage Output Range limits, Vo (q)(min) and
Vour(q)(max). The available programming range falls within the
distribution of the initial Vy1(q) and the Max Code Vyr(q), as

shown in Figure 5.

applied magnetic field (see Figure 4).

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

through its steady-state voltage, as shown in Figure 2

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 3)

\
(%)

Vecltyp.) -+ — —
Vout
9

90% Vot —|— —

Vee(min.) —— ;
! tpo 0 :
',‘ ty ty Propagation Delay, tpp
1
1
! t4= time at which power supply reaches . . . egs
i " minimum specified operating voltage Figure 3: Propagation Delay Definition
|/
i t,= time at which output voltage initially
responds to an applied magnetic field
(%) /— Applied Magnetic Field
0 +t 80 Vour
Figure 1: Power-On Time definition Response Time, tRESPONSE
Vv Magnetic Input 0
v} t
CLP(H) —+ —1 T~ . . . ags
i Vour Figure 4: Response Time Definition
i torp
t t
VouT(qy(min) VouT@(max)
ty= time at which output voltage initially value VOUT(Q) value
Vout(@mittyp) Programming range
(specified limits)

reaches steady state clamp voltage
Typical initial value

t,= time at which output voltage settles to
Steady State Clamp Voltage +1% of
Note: Times apply to both high clamp T
Distribution of values Distribution of values
resulting from maximum

(shown) and low clamp.
before customer ]
programming code

4
1
1
1
1
1}
1
1
1
1
1
1
1
1
1} N
1
! Clamp Voltage Dynamic Range
i bty
-' |
1
1
1
]
]
1
programming

0
t
Figure 2: Delay to Clamp Definition Figure 5: Quiescent Voltage Output Range Definition
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

Average Quiescent Voltage Output Step Size: The average qui-
escent voltage output step size for a single device is determined
using the following calculation:

17 —¥, 4
SlepVOUT(Q) - OUT(Q)maxn OUT(Q)min , (1)

where 7 is the recommended available programming range, in
LSBs. For purposes of specification, n is defined as 447.

Quiescent Voltage Output Programming Resolution: The
programming resolution for any device is half of its programming
step size. Therefore, the typical programming resolution will be:

0.5 x SlepVOUT(Q)(Wp) 2)

Quiescent Voltage Output Drift Through Temperature Range:
Due to internal component tolerances and thermal considerations,
the Quiescent Voltage Output, Voyr(q), may drift from its nomi-
nal value through the operating ambient temperature range, T, .
The Quiescent Voltage Output Drift Through Temperature Range,
AVour() (mV), is defined as:

ATour) = Voutr, ~ Vout)psec 3)

Sensitivity: The presence of a south polarity magnetic field, per-
pendicular 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 propor-
tional to the magnitude of the magnetic field applied. Conversely,
the application of a north polarity field decreases the output volt-
age from its quiescent value. This proportionality is specified as
the magnetic sensitivity, Sens (mv/G), of the device, defined as:

AVour
=, 4
Sens 4)

where AB is the change in applied magnetic field corresponding
to AVOUT'

Sensitivity Range: The magnetic sensitivity can be programmed
around its initial value within the sensitivity range limits,
Sens(min) and Sens(max). Refer to the Quiescent Voltage Output
Range section for a conceptual explanation.

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

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

Sensitivity Temperature Coefficient: Device sensitivity changes
as temperature changes, with respect to its sensitivity temperature
coefficient, TCqgng. TCqpng 1s factory-programmed, and calcu-
lated relative to the nominal sensitivity programming temperature
of 25°C. TCqpng (%/°C) is defined as:

Senst, — Sensty 1
TC =l— o) | [——— 5
SENS ( Semsy, <1004 i) ¢

where T1 is the nominal Sens programming temperature of 25°C,
and T2 is the TCqgng programming temperature of 150°C. The
ideal value of Sens through the full ambient temperature range,
Sens;pg AL(T ) is defined as:

Sensipgar(r,) = Sensyy x [100 (%) + TCopns (T4 =TI . (6)

Sensitivity Temperature Coefficient Range: The magnetic
sensitivity temperature coefficient can be programmed within its
limits of TCg,(max) and TCg,((min). Refer to the Quiescent
Voltage Output Range section for a conceptual explanation.

Average Sensitivity Temperature Coefficient Step Size: Refer
to the Average Quiescent Voltage Output Step Size section for a
conceptual explanation.

Sensitivity Temperature Coefficient Programming Resolution:
Refer to the Quiescent Voltage Output Programming Resolution
section for a conceptual explanation.

Sensitivity Drift Through Temperature Range: The Sensitiv-
ity drift is factory-trimmed to best approximate an ideal linear
function. The ideal Sensitivity drift function is specified by the
characteristic Pre-Programming Sensitivity Temperature Com-
pensation, and is typically selected to compensate for losses com-
mon with certain magnet materials. For example, the temperature
compensation, TC3ggyg, 1S commonly used in systems when
paired with a SmCo type rare-carth magnet. Non-ideal errors
cause the Sensitivity drift to deviate from its ideal value across

Allegro MicroSystems, LLC 9
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

the operating ambient temperature range, T,. Figure 6 shows the
Sensitivity drift for compensation settings TClggng and TC3ggys.
The gray area represents the minimum and maximum Senstivity
Drift Error, ASenstcggp).-

For purposes of specification, the Sensitivity Drift Through Tem-
perature Range, ASensTC, is defined as:

Senstp — Sensipear(Ta)

ASensyc = x100 (%) . (7
Sensipear(ta)
20
15
= 10
=
£
5 5
2z
2 o
s
5
& 5
-10
-15
50 25 0 25 50 75 100 125 150

Ta (°C)

Figure 6: Sensitivity Drift Through Temperature Range
(ASensTC)

Sensitivity Drift Due to Package Hysteresis: Package stress and
relaxation can cause the device sensitivity at T, = 25°C to change
during and after temperature cycling. This change in sensitivity
follows a hysteresis curve, shown in Figure 7. For purposes of
specification, the Sensitivity Drift Due to Package Hysteresis,
ASenspg, 1s defined as:

SenS(zsoc)z - SenS(ZSOC)l

ASenspig = x100 (%) , (8

Senssecy

where Sens 5o 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, down to —40°C and
back up to 25°C.

Linearity Sensitivity Error: The A1377 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 differ-
ence between the sensitivities measured at B1 and B2.

+ASenspyg

ASenspyg < 2%

+°C
| (¢ |
° 1 17 1
-C 40 2 150
Beginning
of cycle
End of cycle
ASenspyg 2 —2%
—ASenspkg

Figure 7: Package Hysteresis Sensitivity Drift
During Temperature Cycling

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

Sens
ﬂj 100 (%) .

Lil’l = 1 —
ERRPOS
( Sensppog;

Sens
ﬂ) %100 (%) , 9)

Lin =[1-
ERRNEG Senspnpg
where:

V, -V
Sensg, =| OUT(Bx)B out©)
X

, (10)

and BPOSx and BNEGx are positive and negative magnetic
fields, with respect to the quiescent voltage output such that
[BPOS2| =2 x IBPOS1| and IBNEG2| = 2 x |BNEG1|.

Then:

(11)

Linggg = max(Lingggrpos » Lingrrnec )

Allegro MicroSystems, LLC 1 O
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A1377

Highly Programmable Linear Hall-Effect Sensor IC

The output voltage clamps, V¢ pmigr) and Vepprow), limit the
operating magnetic range of the applied field in which the device
provides a linear output. The maximum positive and negative
applied magnetic fields in the operating range can be calculated:

Verpion) — Yout)
Sens

IBymaxpos!| =

3

Vout — YeLrow)
Sens

; (12)

IBrmaxNEGl =

Although the application of very large magnetic fields does not
damage these devices, such fields will affect the clamps by forc-
ing the output into a nonlinear region (Figure 8).

Symmetry Sensitivity Error: The magnetic sensitivity of an
A1377 device is constant for any two applied magnetic fields
of equal magnitude and opposite polarities. Symmetry Error,
Symggpy (%), is measured and defined as:

Sensgpog

SymERR:{l JXlOO (%) (13)

Sensgneg

where Sensg, is as defined in equation 10, and BPOS and BNEG
are positive and negative magnetic fields such that [BPOS| =
[BNEG].

Ratiometry Error: The A1377 device features ratiometric output.
This means that the Quiescent Voltage Output, V oy, magnetic
sensitivity, Sens, and clamp voltages, Vcppigr) and Vepprow)s
are proportional to the supply voltage. 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,
RatgrryouT(q) (%), for a given supply voltage (V) is defined
as:

v V. V 5V
%RatERRVOUT(Q)(VCC) = OUT(Q)( CJ B OUT(Q)( ) x 100 ( 1 4)
Voo 5V

where Vyrq)(Vee) is the quiescent output voltage at the supply
voltage = V¢, and Voyq)(5 V) is the quiescent output voltage
at the supply voltage =5 V.

\% | .
} -~ "
VeLpHiGH [~~~
Voorg - o o)
\
| Ideal Linearity
\
} — — Nonlinearity induced
} by very large B
|
VerpLow 7
.——”/ }
\
|
|
0

Applied Magnetic Field Density, B (G)

Figure 8: Ideal Linear Clamping Behavior and Nonlin-
earity Forced by Large Applied Magnetic Field

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

Ra[ERRSen.\' = ﬁ

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

Sens, .., /Sens,;,
% x 100 (%)  (15)

VarlVe) _ Verl5 V)
%RatERRVOUT(?LP(Q)(VCC) = ( C;CC : - C;'PV

x 100 (16)

where V¢ p(Ve) is the output at the clamp voltage when the
supply voltage = V-, and V¢ p(5 V) is the output at the clamp
voltage the supply voltage =5 V. The clamp voltage is either

VCLP(HIGH) or VCLP(LOW)"
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FUNCTIONAL DESCRIPTION

Diagnostic Conditions

Application circuits to implement A1377 diagnostic outputs are
shown in Figure 9. The interpretation of diagnostic outputs is
provided in Table 1.

Undervoltage Detection

The A1377 contains circuitry to detect a condition in which the
supply voltage drops below the specified limit. Hysteresis is
designed into the circuit to prevent chattering around the thresh-
old. This hysteresis is defined by Vccuvcn) — Vecuvicow)-

As an example, initially V¢ and Vgt are within the normal
operating range. If V¢ drops below Vcyyow), Vour is pulled
up to Vppg. When Ve returns above Vecyymigry» Your
returns to its normal operating state after a delay of approxi-
mately Power-On Time, tpg.

Overvoltage Detection

The A1377 contains circuitry to detect a condition in which

the supply voltage rises above the specified limit. Hysteresis is
designed into the circuit to prevent chattering around the thresh-
old. This hysteresis is defined by Vcovign) — Vecoviow)-

As an example, initially V¢ and Vgt are within the normal
operating range. If V¢ rises above Vcoymicry, Your is pulled
up to Voyrprag- When Ve returns below Vecoyowy, Vour
returns to its normal operating state. The delay is approximately
the same as t,, described in the Programming Guidelines section.

Broken Ground Detection

The A1377 contains circuitry to detect a condition in which

the ground connection is disconnected. It forces the output to a
known diagnostic state: when a broken ground is detected, Vo
rises to VouTpiaG -

EEPROM Diagnostics

The A1377 contains EEPROM with error checking and correc-
tion, ECC. The ECC corrects for a single-bit EEPROM error
without affecting device performance. The ECC also detects a
dual-bit EEPROM error and triggers an internal fault signal that
disables the output to a high-impedance state. If a single- or dual-
bit EEPROM error occurs, a diagnostic flag is set in a register.

EEPROM Margin Checking

The A1377 contains a test mode, called EEPROM Margining, to
check the logic levels of the EEPROM bits. EEPROM margining
is accessible with customer EEPROM access. EEPROM margin-
ing is selectable to check all logic 1 bits, logic 0 bits, or both. To
run EEPROM Margining—checking both logic 1 and logic 0 bits
for the entire EEPROM—write MARGIN START in address
TEST C, 0x10, to logic 1. The results of the test are reported
back in EEPROM registers MRGNF C, 0x11, and ECCF C,
0x12. For more EEPROM Margining information and options,
refer to the table Memory Address Map.

Note: A fail of EEPROM Margining does not force the output
to a diagnostic state.

Allegro MicroSystems, LLC 1 2
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Table 1: Diagnostic Detection Conditions Truth Table

S1
VCC
VS__L * A1377

GND

VOUT e

S2

I

(A)

S3

VOC

10 kQ

1

1]

VvCC

A1377
vouT

GND

I

(8)

ss L

Figure 9: Diagnostic Application Circuits: (A) Pull-Down, (B) Pull-Up

Description Circuit S$1 S2 S3 VOUT voC
A GND
Broken VCC Open Closed Closed High Impedance
A GND
Broken VOUT Closed Open Closed Low Impedance
A
Broken Ground 5 Closed Closed Open Low Impedance VouTpiaG
EEPROM Fault A GND
(2-bit error Closed Closed Closed High Impedance
detection) B Vee
Overvoltage A
Condition 5 Closed Closed Closed Low Impedance VouTpiac
Undervoltage A
Condition 5 Closed Closed Closed Low Impedance VouTpiac

Note: For proper diagnostic detection, the device output clamps should be programmed to appropriate levels. Typical levels are 0.5 V for clamp low and 4.5 V for clamp high.

IgM\crOSyslems LLC
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APPLICATION INFORMATION

VOC
VOUT

|
J VCC
VS__L + A1377

GND

10 kQ

=

| -
vee
Ve 10 kQ
+ A1377 VOC
T vouT
GND

Typical Application Circuits

Chopper Stabilization Technique

When using Hall-effect technology, a limiting factor for
switchpoint accuracy is the small signal voltage developed across
the Hall element. This voltage is disproportionally small relative
to the offset that can be produced at the output of the Hall sensor
IC. This makes it difficult to process the signal while maintain-
ing an accurate, reliable output across the specified operating
temperature and voltage ranges. Chopper stabilization is a unique
approach used to minimize Hall offset on the chip. The Allegro
technique, namely Dynamic Quadrature Offset Cancellation,
removes key sources of the output drift induced by thermal and
mechanical stresses. This offset reduction technique is based on

a signal modulation-demodulation process. The offset signal is
separated from the magnetic field-induced signal in the frequency
domain, through modulation. The subsequent demodulation acts
as a modulation process for the offset, causing the magnetic field-

Regulator

Hall Element

induced signal to recover its original spectrum at baseband, while
the DC offset becomes a high-frequency signal. The magnetic-
sourced signal then can pass through a low-pass filter, while the
modulated DC offset is suppressed. The chopper stabilization
technique uses a high-frequency clock, f-. For demodulation
process, a sample-and-hold technique is used, where the sam-
pling is performed at twice the chopper frequency (fc x 2). This
high-frequency operation allows a greater sampling rate, which
results in higher accuracy and faster signal-processing capability.
This approach desensitizes the chip to the effects of thermal and
mechanical stresses, and produces devices that have extremely
stable quiescent Hall output voltages and precise recoverability
after temperature cycling. This technique is made possible
through the use of a BICMOS process, which allows the use of
low-offset, low-noise amplifiers in combination with high-density
logic integration and sample-and-hold circuits.

1 Clock/Logic

o

Low-Pass
Filter

X

X~

Amp

Sample and
Hold
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PROGRAMMING GUIDELINES

Serial Communication ming Levels table, below. Note that the external controller must

The serial interface allows an external controller to read and write  avoid sending a Command frame that overlaps a Read Acknowl-
registers, including EEPROM, in the A1377 using a point-to- edge frame.

point command/acknowledge protocol. The A1377 does not initi-
ate communication; it only responds to commands from the exter-
nal controller. Each transaction consists of a command from the
controller. If the command is a write, there is no acknowledging
from the A1377. If the command is a read, the A1377 responds
by transmitting the requested data.

The serial interface uses a Manchester-encoding-based protocol
per G.E. Thomas (0 = rising edge, 1 = falling edge), with address
and data transmitted MSB first. Four commands are recognized
by the A1377: Write Access Code, Write to Volatile Memory,
Write to Non-Volatile Memory (EEPROM) and Read. One frame
type, Read Acknowledge, is sent by the A1377 in response to a
Serial interface timing parameters can be found in the Program- Read command.

Read/Write

Memory Address CRC

O
(Y]
=
[

I
Synchronize i

0 O 0/ ese see  oes  ces  sse  eos  ses ee 0/1

VMAN(H) -+~ B e

VMAN(L) --- T

Y i e
001

LeBit boundaries

Figure 10: General Format for Serial Interface Commands

Programming Parameters, C x =0

Characteristic Symbol Notes Min. Typ. Max. Unit
Program Enable Voltage (High) VorgH Program enable signal high level on VCC 8 - 8.5 Vv
Program Enable Voltage (Low) VorgL Program enable signal low level on VCC 4.5 - 6 \%
e e R e R
Program Time Delay ty - - 500 us
Program Write Delay tw - 20 - ms
Manchester High Voltage Vyan) | Data pulses on VOUT 4.0 - Vee \
Manchester Low Voltage Vyane) | Data pulses on VOUT 0 - 1 \%
Bit Rate Communication rate 250 - 2000 bit/s

Allegro MicroSystems, LLC 1 5
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The A1377 device uses a three-wire programming interface,
where VCC is used to control the program enable signal, data

is transmitted on VOUT, and all signals are referenced 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 show in the figures on the
following pages. To initialize any communication, VCC should
be increased to a level above V,iy(min) without exceeding
Vrgri(max). 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 t4. This prevents the
device interpreting any false transients on VOUT as data pulses.

After the command is completed, V¢ is reduced below V.,

Read/Write

i
1
I
Memory Address Data i CRC
|

I
Synchronize i

0 0 07101 0101 0101010101 0M1...

0/1 0/1 011 0N

back to normal operating level. Also, the output is enabled and
responds to magnetic input.

When performing a Write to EEPROM transaction, the A1377
requires a delay of t,, to store the data into the EEPROM. The
device will respond with a high-to-low transition on VOUT to
indicate the Write to EEPROM sequence is complete.

When sending multiple command frames, it is necessary to toggle
the program enable signal on VCC. After the first command
frame is completed, and V¢ remains at V.5, the device will
ignore any subsequent pulses on the output. When the program
enable signal is brought below V.1 (nax) » the output will respond
to the magnetic input. To send the next command, the program

enable signal is increased to Vo

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)
24 data bits and 6 ECC bits. For a read command frame the data consists of 30 bits: [29:26]
30 Data 01 Don’t Care, [25:24] ECC Pass/Fail, and [23:0] Data. Where bit 0 is the LSB. For a write
command frame the data consists of 30 bits: [29:24] Don’t Care and [23:0] Data. Where bit 0 is
the LSB.
3 CRC 0/1 Bits to check the validity of frame.

Figure 11: Command Frame General Format

VprgH
VCC
VPFQL
VOUT Command Command Command
Frame 1 Frame 2 Frame 3
Figure 12: Format for Sending Multiple Transactions
Allegro MicroSystems, LLC 1 6
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— et
VCC Lo Lo
- A Vo
High Z | Normal
VOUT(Output) | Normal Output / \j Output
1 1 1 1 O V
: ! : : v
VOUT(Input . : ' o MAN(H)
Extrerrgar}%ltr)l High 2 Access Code | Highz
— — Vi
R I
Figure 13: Write Access Code
— NG — Vo
vce Lo Lo
| ] .
High Z | Normal
VOUT(Output) | Normal Output \/ \% Output
1 1 1 1 O V
: ! : : Vv
VOUT (Input) . | Write E T MAN(H)
Extrernal Ctrl High 2 | Command Data i ng:h z
: : : : Vimo
R b

Figure 14: Write to Volatile Memory
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A1377

VprgH
VprgL
VCC

oV

VMAN(H)

VMAN(L)

e

Data

Write
Command

Figure 15: Write to Non-Volatile Memory (EEPROM)
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A1377 Highly Programmable Linear Hall-Effect Sensor IC

Table 2: Memory Address Map

Type ADDR R:gir:teer Parameter Name Description R/W | Bits | Location
FACTORY_LOT Factory Lot RW!1 16 15:0
0x00 WLOT_F FACTORY_WAFER Factory Wafer Rw1 6 21:16
EEPROM Unused Factory Use Only Rw1 2 23:22
Customer Read
Only X_DIE_LOC 8 bits X die location Rw1 8 7:0
0x01 ID_F Y_DIE_LOC 8 bits Y die location Rw1 8 15:8
PTEST Bits reserved for additional factory tracking Rw1 8 23:16
0x02 ID_C CUST_ID RW 24 23:.0
SENS_FINE Sensitivity, fine adjustment RwW 9 8:0
SENS_COARSE Sensitivity, coarse adjustment RW 2 10:9
POL Reverses Sensitivity polarity RW 1 11
0x03 SENS_C
RESERVED Reserved RW 9 20:12
RESERVED Reserved RW 2 22:21
RESERVED Reserved RW 1 23
QVO_FINE aQ(;ljf;(;ﬁ:;tOutput Voltage (QVO), fine RW 9 8:0
EEZES«Z 0x04 QU0 C | QVO_COARSE Course QVO adjustment RW | 3 11:9
RESERVED Reserved RW 9 20:12
RESERVED Reserved RwW 3 23:21
CLAMP_LOW Lower Output Clamp RW 9 8:0
Ox05 CLAMP_C Unused RW 3 11:9
CLAMP_HIGH Upper Output Clamp RW 9 20:12
Unused RW 3 23:21
DEV_LOCK Bit to set the EELOCK RW 1 0
0x06 COMCFG_C | Unused RW 10 10:1
Unused RW 12 23:1
0x07 Factory Only R 24 23:0
0x08 Factory Only R 24 23:0
0x09 Factory Only R 24 23:0
0x0A Factory Only R 24 23:0
EFE;TO%M 0x0B Factory Only R 24 23:0
0xC Factory Only R 24 23:0
0xD Factory Only R 24 23:0
OxE Factory Only R 24 23:0
OxF Factory Only R 24 23:0
Continued on the next page...
I Customer Access restricted to read only.
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Table 2: Memory Address Map (continued)

i Allegro-

MicroSystems, LLC

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com

Type ADDR Rﬁg::t:r Parameter Name Description R/W | Bits | Location
Enables register shadowing for direct writes to
SHAWDOW_EN shadowed (volatile) EEPROM registers RW ! 0
DISANALOG OUT Turns offthg analog output for serial RW 1 1
- communications
CUSTOMER_ ACCESS Indicates customer write access enabled R 1
Unused R 1
Write to 1 to start margin testing. If EE_LOOP
is low, this bit will self clear when address 0xB
MARGIN_START is reached. If EE_LOOP is high, this bit must RW 1 4
be written to O to stop test. This bit always
clears on a fail.
0: Max reference voltage will be used during
margin testing
NO_MARGIN_MAX 1: Max voltage reference will be skiped during RW ! 5
margin testing
0x10 TEST C 0: Min reference voltage will be used during
- margin testing
NO_MARGIN_MIN 1: Min voltage reference will be skiped during RW ! 6
margin testing
Unused RW 1 7
If USE_TST_ADDR is set, then margining will
EE_STR_ADDR start at this address. If magining fails, this will RwW 4 11:8
contain the failing address.
0: No effect
StaticCustomer 1: Uses EE_TST_ADDR as the start address
USE_STR_ADDR for margining. RW 1 12
If EE_LOORP is set, this bit is ignored and the
starting address is always 0x0
0: Test completes at address 0xB or fail
EE_LOOP 1: Test loops until MARGIN_START is written RW 1 13
low or fail
Unused R 10 23:14
If margining fails, this is the failed data read .
0x11 MRGNF_C | EE_TST_DATA from EEPROM. R 24 23:0
If margining fails, this is the failed ECC read .
EE_TST_ECC from EEPROM. R 6 5:0
Unused R 2 7:6
If margining fails, this is the failed address from .
EE_TST_ADDR EEPROM. R 4 11:8
00,: Reset condition (no result from margin
testing)
0x12 ECCF_C MARGIN_STATUS ?;sft:inZaSS’ no failure detected during margin R 2 13:12
10,: Fail, failure detected during margin testing
11,5: Running, margin test is still running
If margining fails, this bit indicates if the min or
MIN_MAX_FAIL max reference failed. R 1 14
0: Min margining failed.
1: Max margining failed.
Unused R 14 23:15
Allegro MicroSystems, LLC 20
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Table 3: CLAMP_HIGH:

PROGRAMMABLE PARAMETER REFERENCE

Address 0x05 bits 20:12

Function

Sets level for upper output clamp

Syntax Quantity of bits: 9

Related Commands CLAMP_LOW

Values 0x0: Default, Output is at Vi pigh)(max)
Ox1FF: Upper clamp is below V¢ p(righ)(min)

Options

Examples

Table 4: CLAMP_LOW: Address 0x05 bits 8:0

Function

Sets level for lower output clamp

Syntax

Quantity of bits: 9

Related Commands

CLAMP_HIGH

Values 0x0: Default, Output is at Vi pow)(min)
Ox1FF: Lower clamp is above V¢ p(Low)(max)

Options

Examples

Table 5: CUST_ID: Address 0x02 bits 23:0

Function Bits available for custom ID programming

Syntax Quantity of bits: 24

Related Commands

Values

Options

Examples Values are customer defined and do not effect device operation

Table 6: DEV_LOCK: Address 0x06 bit 0

Function

Bit to disable serial communication. When set, read and write access is disabled.

Syntax

Quantity of bits: 1

Related Commands

Values 0x0: Default, Serial communication enabled
0x1: Serial communication disabled
Options
Examples When set the Program Enable threshold is ignored and the device output remains ratiometric until Vo exceeds

VecovHichy: This should only be applied after programming is complete and verified.

L MicroSystems, LLC 1.508.853.5000; www.allegromicro.com
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Table 7: POL: Address 0x03 bit 11

Function

Bit to set the Sensitivity polarity

Syntax

Quantity of bits: 1

Related Commands

SENS_FINE, SENS_COARSE

Values 0x0: Default, Positive
0x1: Negative
Options
Examples See Characteristic Definitions, Sensitivity

Table 8: QVO_COARSE:

Address 0x04 bits 11:9

Function

Coarse QVO adjustment

Syntax

Quantity of bits: 3

Related Commands

QVO_FINE

Values

0x0: Default, Voyr(q) adjustable range defined by QVO_COARSE = 0

0x1: Voyr(q) adjustable range defined by QVO_COARSE = 1
0x2: Voyr(q) adjustable range defined by QVO_COARSE = 2
0x3: Voyr(q) adjustable range defined by QVO_COARSE = 3
0x4: Voyr(q) adjustable range defined by QVO_COARSE = 4
0x5: Not used
0x6: Not used
0x7: Not used

Options

Examples

See Operating Characteristics

Table 9: QVO_FINE: Address 0x04 bits 8:0

Function Fine QVO adjustment
Syntax Quantity of bits: 9
Signed

Related Commands QVO_COARSE
Values Vour(@(max) 4

Initial (Default)

VOUT(Q)(min) > QOUT_F|NE
0 0x100 Ox1FF

Options
Examples Fine adjustment of Voyr(q), range defined by QVO_COARSE; see Operating Characteristics

i Allegro-

i MicroSystems, LLC
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Table 10: SENS_COARSE: Address 0x03 bits 10:9

Function

Coarse Sensitivity adjustment

Syntax

Quantity of bits: 2

Related Commands

SENS_FINE, POL

Values 0x0: Default, Sens adjustable range defined by SENS_COARSE =0
0x1: Sens adjustable range defined by SENS_COARSE = 1
0x2: Sens adjustable range defined by SENS_COARSE = 2
0x3: Sens adjustable range defined by SENS_COARSE =3
Options
Examples See Operating Characteristics

Table 11: SENS_FINE: Address 0x03 bits 8:0

Function Fine Sensitivity adjustment
Syntax Quantity of bits: 9
Signed
Related Commands SENS_COARSE, POL
Values Sens(max) 4
Initial (Default)
Sens(min) » SENS_FINE
0 0x100 Ox1FF
Options
Examples Fine adjustment of Sens, range defined by SENS_COARSE; see Operating Characteristics
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PACKAGE OUTLINE DRAWING

For Reference Only — Not for Tooling Use

(Reference DWG-9071)
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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AStandard Branding Reference View

A4 = Supplier emblem

N = Last three digits of device part number
Y = Last 2 digits of year of manufacture

W = Week of manufacture
L = Lot number

A Dambar removal protrusion (12x)

Gate and tie burr area

& Active Area Depth, 0.38 mm REF

A Branding scale and appearance at supplier discretion
A Hall element (not to scale)

A Molded Lead Bar to prevent damage to leads during shipment
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Revision History
Revision Date Description
- April 21, 2016 Initial release

Corrected Features and Benefits;

Added test condition to t,y and tresponses

1 May 10, 2016 Updated Quiescent Voltage Output Drift Through Temperature Range test condition and footnote;
Added EEPROM Margining under Functional Description;

Corrected Figure 6
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use; nor for any infringement of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
www.allegromicro.com
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