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ABSOLUTE MAXIMUM RATINGS

BAT 10 GND ..ot -0.3V to +60V Currentinto INT, IN2....ooiii +100mA
ISET 10 BAT oo -2.0V to +0.3V Continuous Power Dissipation (Ta = +70°C)

IN1, IN2 to GND.......... -5.0V to the lower of +60V or (VBAT + 1V) 10-Pin uMAX (derate 5.6mW/°C above +70°C)......... 444 4mW
DIAG, OEto GND...........oooi -0.3Vto +6.0V Operating Temperature Range ...............cc........ -40°C to +125°C
OUT1, OUT2, ERRto GND ....oooviiiiiiiic -0.3V to +6.0V Junction Temperature ...........ccoceviiiiii +150°C

Short-Circuit Duration of OUT1, OUT2, ERR to GND Storage Temperature Range ...........cccoceoeeeen. -65°C to +150°C
or to 5.5V (individually).........cccccooviiiiiiiiiiiii Continuous Lead Temperature (soldering, 10S) .......ccccoocvvvviiiiininnnn. +300°C
Current into Any Pin Except IN1, IN2 ..., +20mA

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(VBAT = 13.6V, VplaG = 0V, VoE = 5V, IN1 = IN2 = no connection, RiSeT = 63.4kQ, Rpy = 10kQ at ERR, OUT1 and OUT2, Ta = -40°C
to +125°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
GENERAL
BAT Supply Range VBAT 6 18 V
VBaT Low for ERR Output Active VBL 52 \
VBT High for ERR Output Active VBH 22 Vv
IBAT Normal mode 1 1.3 mA
BAT Supply Current
IsD Shutdown mode, Vo = Vplag = OV 1 pA
HALL INPUTS (IN1 and IN2)
. RISET = 63.4kQ -11.5
Input Current for Output High = mA
RISET = 59.0kQ -12.4
RISET = 63.4kQ -7.2
Input Current for Output Low I mA
RISET = 59.0kQ -7.8
Input Current Hysteresis for RISET = 63.4kQ 0.76
. . [IN,HYS mA
High/Low Detection RISET = 59.0kQ 0.78
VBAT = 6V, inputs IN1, IN2 with
Input Pullup Impedance Rpu I = -14mA 50 Q
Input Voltage Interpreted as .
Shorted to Battery VsB Measured with respect to VBaT 100 mV
Current Range Interpreted as
Open Circuit loc 2 +0.02 mA
Current Level Interpreted as Not a gustamed RISET = 63.4kQ -23
Shorted Sensor to Ground Isc condition, reverts to mA
-50pA when detected | RISET = 59.0kQ -25
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DC ELECTRICAL CHARACTERISTICS (continued)

(VBAT = 13.6V, VplaGg = 0V, VoE = 5V, IN1 = IN2 = no connection, RiSeT = 63.4kQ, Rpy = 10kQ at ERR, OUT1 and OUT2, Ta = -40°C
to +125°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

LOGIC I/O (OUT1, OUT2, ERR, DIAG, and OE)

8&?;; Voltage Low (ERR, OUTY, VoL Sink current = TmA 0.4 Vv
Three-State Output Current (ERR,

= < <

OUT1, OUT2) loz VoE = 0V, OV £ VouT_<5V +1 uA
Input-Voltage High (DIAG, OE) VIH 2.1 V
Input-Voltage Low (DIAG, OE) ViL 0.8 V
Input Resistance to GND (DIAG, OE) RIN 50 80 kQ

AC TIMING CHARACTERISTICS

(VBAT = 13.6V, Vplag = OV, VoE = 5V, IN1 = IN2 = no connection, RisgT = 63.4kQ, Rpy = 10kQ at ERR, OUT1 and OUT2, Ta = -40°C
to +125°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Notes 1, 2, and 4)

IC66XVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
IN1, IN2 Blanking Time at Hall t liIH =-11.5mA to GND, time from VIN_ = 50 140 s
Switch Power-Up BL 500mV until OUT_ high, CL = 20pF (Note 3) H
IN1, IN2 Current Ramp Rate B
After Turn-On {RAMP VIN = GND 38 mA/s
Delay from IN_ to OUT_ (Filter From ljH to Iji_ or from )L to |1, CL = 20pF,
Delay) DEL | Figure 1 6.5 us
Ty From IjL to Isc or from I|H to loc, falling edge
Delay from IN_ Fault to ERR tERR . 31 ns
only, CL = 20pF, Figure 1
Delay from DIAG High to i Rising edge of DIAG to falling or rising edge 350 ns
OUT_ and ERR DLH of outputs, C = 20pF, Figure 1
Delay from DIAG Low to OUT_ t Falling edge of DIAG to falling or rising edge 16 S
and ERR DHL | of outputs, CL = 20pF, Figure 1 ' u
Delay Difference Between
Rising and Falling Edges for tDM ?HéLL%BZ‘:]:’QS%— ?g;“'; IH = -11.5mA and 20 ns
Both Channels IL=-r P oL=2tp
Delay Difference Between i CHALL-BYPASS = 0.01pF, I|H = -11.5mA and 100 ns
Channels ce i = -7.2mA, CL = 20pF
Maximum Frequency on Hall CHALL-BYPASS = 0.01pF, I = -11.5mA and
Inputs MAX |} 27 omA. CL = 20pF 50 kHz
IN_ Pulse Length Rejected by )
Filter to OUT_ PR Figure 2 55 bs

Note 1: All DC specifications are 100% tested at Ta = +25°C. AC specifications and specifications over -40°C to +125°C are guar-
anteed by design.

Note 2: C is external load capacitance on the outputs for test only.

Note 3: These blanking times apply when the MAX9921 is operating in normal mode. Blanking times following power-up or startup
from shutdown mode are 20us longer.

Note 4: The following AC parameters change with the value of RISET: tBL, tRAMP, tDEL, fMAX, and PR. The typ values given are for
RISET = 63.4kQ. The parameters tramp and fimax increase 8%, and tpeL and PR decrease 8% with RiseT = 59.0kQ. The lim-
its for tB|_ and f(MAX apply for both resistor values.
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(VBAT = 14V, Ta = +25°C, unless otherwise noted.)

BAT CURRENT (mA)

BAT CURRENT (mA)

BAT CURRENT (nA)
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REBEEREMERS)

(VBAT = 14V, Ta = +25°C, unless otherwise noted.)

IN_ BLANKING TIME AT HALL SWITCH IN_ CURRENT RAMP RATE AFTER DELAY FROM IN_ TO OUT_ (FILTER DELAY)
POWER-UP vs. TEMPERATURE TURN-ON vs. TEMPERATURE vs. TEMPERATURE
100 s 5 - 10 N
go g <\i— 4 — \ = 9 =
g E \\‘\\
i) L—f— L ——
E 85 — % 3 g g
(&)
2w s =
= = 2 a 7
— = —
m‘ 75 I;-EJ
=7 3
il 1 6
65 =
60 0 5
40 2510 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
- DELAY DIFFERENCE BETWEEN RISING
DELAY FROM IN_ FAULT TO ERR AND FALLING EDGES FOR BOTH CHANNELS DELAY DIFFERENCE BETWEEN
(FILTER DELAY) vs. TEMPERATURE vs. TEMPERATURE CHANNELS vs. TEMPERATURE
50 o 180 - 250 o
g g L E
40 * w /// = N\
S0 |+ =
z @ s IN1 AND IN2 // S 150
=R 5 8 d S 100 ™S
> > ‘\
o 60 o N
= =) \
10 4 50 NG
N
20
0 0 0
40 -25-10 5 20 35 50 65 80 95 110125 40 -25-10 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
MAXIMUM FREQUENCY ON HALL INPUTS IN_ PULSE LENGTH REJECTED BY FILTER Vear UNDERVOLTAGE THRESHOLD
vs. TEMPERATURE TO OUT_ vs. TEMPERATURE vs. TEMPERATURE
100 o 7 E 6.2 -
% : 5 6.1 s
Z 6 i 1 :
90 e T I 6.0
— 8 7 5 [—IN1 AND IN2 WITH , = 59 VeaT RISING, ERR GOES HIGH  —
pu =
= E POSITIVEPULSE g AND IN2WITH _| 2 58 ll
S g z NEGATIVE PULSE & 57 '
=] f o 3 E=
S0 | 8 = 56 !
e IN1 AND IN2, 50% DUTY CYCLE S = T
65 f—- 9 £ 55 | L
Vear FALLING, ERR GOES LOW
60 1 54
55 53
50 0 52
40 -25-10 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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(VBAT = 14V, Ta = +25°C, unless otherwise noted.)

Vpar OVERVOLTAGE THRESHOLD
vs. TEMPERATURE
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MAXQ92113. 2DD2\AR—ILMRE Y ZREE
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R—IVANEER
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BEE— RTIE. DIAGIEO—(ZERBISNTIVE T, 2D
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BeE). /3R —IVADDT S+ 200514 7IVEFIC
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THILEDHDZEICEODTELDHREN.. HDUT
IZ—HANO—TVaTh'SEHEADBSICHEELDH
BEMN' B E T, 1DDHAMNESDELEERKEITTED
1D20OEAAO—DBE. Oy oZLN)LA O—0H 7
3. WITDR—IVAADT AL~ FlISBEEE
To0F 200 A 0N ERLET, K1, BEE—R
DOE}EE—EBETRLTIET,

ZEE—F

DIAGHAVNA ICEREIES NS & MAX9921 3BT E— I
ISR E T, COE—RTIE. OUTT1EOUT21E. A
BHREENDLET, INTAIN2K W LEBESNE T, IN2
DEHd. INTOTHIL AT 7ENDETYRIS
NEFRICBUET, BMBIO STV a—Ta2T
DIzDH INTEEIN2IEASIDT S 2 RREIBICE DT
FLELEES, BO0pAZARLIEITE T, IS5 REBOD
eDIZEFEE LT EAR—=ILAAIE, DIAGDIL R Ty
TEEHINIT,
SWIDRRIINETS Y FSNTUVELNeD, ZDORRIE.
INTXZIEIN2D Y IV A LOREZRLTNE T,
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INPUT OUTPUT
— DIAGNOSIS COMMENT
DIAG ERR OuT1 ouT2
OUT1 and OUT2 indicate state of IN1 | Normal mode: No fault indication (outputs
0 1 Oor1 Oor1 . - )
and IN2, respectively indicate Hall sensor high or low status)
E??;tnoglg: acr)]v(\jn/soriulN%ror(ra;/tiﬁ[T out Normal mode: ERR asserted low indicates
0 0 0 0 .g  orp b fault (outputs may no longer indicate the
blanking (unknown current level of high or low state of the Hall sensors)
IN1 and IN2) g
0 0 0 Oor1 Fault on IN1 or restart blanking of IN1 Normal mode: ERR assgrted IO.W m@cates
fault; Hall output 2 continues signaling
0 0 Oor1 0 Fault on IN2 or restart blanking of IN2 Normal mode: ERR asgerted IQW mdlcates
fault; Hall output 1 continues signaling
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xR2. PHOEREREEIE—F)
INPUT OUTPUT
DIAGNOSIS
DIAG ERR ouT1 ouT2
1 0 0 0 No fault
1 0 0 1 IN1 open circuit, or IN1 open circuit and fault on IN2
1 0 1 0 IN1 shorted to battery, or IN1 shorted to battery and fault on IN2
1 0 1 1 IN1 shorted to ground, or IN1 shorted to ground and fault on IN2
VBAT out of range, or power-up or restart and blanking cycle (dominant
1 1 0 0
fault masks all other faults)
1 1 0 IN2 open circuit
1 1 1 0 IN2 shorted to battery
1 1 1 IN2 shorted to ground

BEBELIOKR—IE Y ERE

VBATEBENGVARME, F/cld18VEaEBx5I5E. INTE
IN2IFE A DR—IL 2 NDEREEL L. ERR. OUT1,
HIO0UT213O0—IZB W E 9o VpaTldIEL WEH (IS
RU. INTEIN2IFEEDE TS UF 2 THA T ILD#E.
BEHLII,

R—=IVAN DFRBRARE
INTE7ISIN2DNTNADFEBURREDIZE (In < 2mA).
[T DANIE. K= YADERZELLE T,
INTEEIN2ICERFmA LD E. ADBBROT #)L b
REIFKRT L. TIFITHAOLDE. WETD
R—IVAOHBES NI,

R—IVAHDINY T 1) §a#&

INTZ 7= IEIN2DWTRAD/ Ny T U IR DIBE (VN
> Vpar + 100mV). MAX99211d. SIS d 2HR—IL
LU ADBREELELET, ZOBE. INTEIE
IN2HVeaTE W E IV EBZ =158, BANBATICE
FRTDAREMN DY £T, ZORETIE. A—ILAAD
BAL LA T00MAERBZ B NESICL TS,
Li=h DT, TARTHOMAXIO2 1 H'E % I ERIDFEIE
SA4F— RERBICLT, BB H— RE£BT 1M
DEBADBABEESILET ST EATEET(H3),

BATTERY

T

REVERSE-POLARITY DIODE

4

& REVERSE-POLARITY DIODE

FOR MAX9921s FOR OTHER CIRCUITRY
RiseT RiseT
- - -
NAXI/N V474V ) 4V %

MAX9921 MAX9921 BAT

BAT DIAG |— BAT DIAG |—
ISET OE — ISET OE b— OTHER

I AL e ee e I ] CIRCUITRY

—Jne ouTt f— —J e ouTt —
GND ouT2 GND 0uT2 GND
L Ty 1

3. HHDMAX992 1 ZHBOEMIES A 7 — N TR

MAXIMN
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R—=IVATDI SV Riatg

IR—=IVADDITZ 2 REHED T I MME. FBISIRED
RUBRINEESICAR—ILAA Y FICEDTADICE
ahnironEEThHNIS. FBEES Y FINIRRE
WU ET, R—=ILZA Y FDEHRBICHELER
IIEIES . SOUAD TIVT Y TEREITHZD T,
R=IVARICISFETERZRI ZENTEZT, HD
LMIECUICEK > CEBRERI CEETEZT . IT R
SIRREED=DICELE L TWVEAR—=ILARIT TS+
JHauIbEEEICWVINE. DIAGDII T Iy 2T
BESHINIBBINE T, BEIIIBRHFIC. TR
BIRDZT Y FREEZANASLBLLTE. R—IVABIZEDT
0.02uFDAMIIFT AV F T ERBEBI DI ENTEZT,
ZFOMDT A IV NREBIIITANTTYFINL =0,
oMo T IV MH BRI NS E ERRAVNAIC
Y. R—=IVANISBUEEL £,

K= YICFETERERI B ELLD
K=Y OGN LS Z 28T S FIR
R4lE, R—IVADHBERUARED & EDMAX992 1 DEN1E
ZRLE T, B5E. BRANDR—ILEFICEER

SN EEDMAXI921 DENFERLE T, K4ERSIE.

R—=IVANDIZ 2 Riaigz )ty b o 27HEEZERIC
~LTHET,

R=IVADDIZ 2 hEge )y bdDICE. UF
D3DDRTY THHIET,

DAR=IEICETDI S MEBERUREXT,

2) =S R—ILAAETVUEL (AR
7 7L NIREE),

3) R—IWANER—ILEFICBERL I T,

MAXQ921ld. 7o vF I A40IlEEHICHR—IL
ADZzBEELIT, "—ILAAOLKR—ILE YH S
10msDE. thWUBt=n=ES. R—ILASIE. 50pA
DTIWT Yy TERICKODTTILT Y TSI T. AHBEK
DT F I NREHAEFINE T, RIC. R—ILAS%E
R=I B HICBEHRIDZET, To20F 20004
IIWEEBITR—IVANEBESLEZ T, ZOFAIC
FDOTC. FHTHR—IANICERZRT ZENTED
e, ECUICE DUty haFERT2WEIIHY F B A,
ZDFEIZ. ECUDNT AEUITR—ILE DRk iR
HZOEETDIENTEDZEEERICRLTINNET,
Fle. ThICKDT. ECUIR. ZME—REFERBLT.
(BMERR]-[TZF T A0IL-[THILNELID
P — A BRI D ET. R—ILE DR
BiRasid o ENTEZT,

e

HALL INPUT HALL INPUT ?
< SHORTTO ,4— OPEN-CIRCUIT
GROUND FAULT FAULT INDICATED VaaT - 25mV
Vin_ INDICATED
5mV/ms i
HALL INPUT
DISCONNECTED
FROM SENSOR
ov \ >
TIME
A
.
50uA E \E\
0A I >
v TIME

M4, IS0 FERzmIBRIV e EEITR—
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A ¢
14V ¢ ----------------------------------------- * ----------------------------------------
Vgart - 500mV
Vin_ 8V
"""""" T TR HALL INPUT
j RECONNECTED
! TO HALL SENSOR
ov 5 >
i TIME
A :
11.5mA E
IIN_ i
i 4mA/us
0A ’ >
TIME
M5. AMAADR—ILEHICBERESNLEE. R—ILAAICBUERNAND
R3. 74N MRELEED—E
MAX9921 ACTIONS
FAULT CRITERION ERR COMMENT/RECOVERY
DESCRIPTION HALL INPUT RESPONSE
OUTPUT
Shutoff current to both Hall | Both IN1 and IN2 are restarted with blanking
VBAT < 6V — Asserted low
Sensors cycle when VBAT returns to proper range.
VBAT > 18V . Asserted low Shutoff current to both Hall | Both IN1 and IN2 are restarted with blanking

SEensors cycle when VBAT returns to proper range.

Shutoff current to When a Hall input is again loaded, terminating

Hall input open IIN < 2mA Asserted low . open input condition, the Hall input are restarted
corresponding Hall sensor . .
with blanking cycle.

If a Hall input is pulled more than 1V above
VN > VBAT due VBAT, the input may back drive .Current mlto the
BAT supply and pull VBaT up with it. In this
. to external N . .
Hall input shorted Shutoff current to condition, current levels in the Hall inputs should
reverse-battery | Asserted low ) . o
to battery rotection corresponding Hall sensor | never exceed 100mA. For this reason, it is
prot recommended that one or more MAX9921s be
diode :

powered together and share a reverse-polarity

diode separate from other circuitry.

Shutoff current to
corresponding Hall sensor.
[IN > 23mA Asserted low | 50pA of pullup current is
sourced to IN1 or IN2 to
aid in troubleshooting.

A falling edge at DIAG initiates a restart with a
blanking cycle of any Hall input that has been
shut off due to a short to ground. See the Hall
Input Short-to-Ground section.

Hall input shorted
to ground

MAXIMN 13
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/NAXIVI
MAX9921
-
T
T GND

I

B6. 3ERF—ILMBERA v F 2R E L THA
PIVr—2a g

R—IVRE Y DER

MAX992 113, 2 X R—ILIRIX AV F. HDIF2
BELTEREINIE3BHXR—ILMRR AV FTHER
ITHDIENTEDSLDICEBIEEINTINVET(H6), 3
BAR—INETEFERTDEEIE. R—ILE T
WALy allReBalEEIl, R"—ILtzHIC
FNRADERHNMAXQ21DEARAL Y3l KA
ADEDITHEIMREERLE T,

R4S, EI2BRR—IZA Y FORR )X MERLT
WET, 2hold. MAXQO21 TERTDZENTES
£MTY, [DC Electrical Characteristics (DCES45
M) IDFRIZIZ. RiSETDEEBIUEDZEIRICTICT D,
BWNMISDERGEBEES NI ODERSBEO@EAICD

R4. BEITDIR—IAAVFDERBIX b

WT. BB/ BRAL Y3 RU I Y Y
EEHINTWWETd, TNICEDTMAXS921IIMRIALN2
BRPKOUBBRDAR—IL o EEREZRFEET,

R=IVATIDINAINZ AT Y

MAX992113. INTEIN2DEA M SBATORBICEE L
720.0 1 uFDOANS T RE DV T I TERI DI ENT
EDIORBIESNTNET, INEDIAVT UYL,
BEEOEESZRION T OBFEUZHERFRIT DCHICIE
WADE@RTY . BATORDWICGNDIZE#H T DI &
HETEZTHN BATICHER I DI EaHEDH LT,

[EEEEF

BADEBEETHR—ILEVSAELLLEBET D 2R
SETB=HICIE. K/ T UBETOMAXI921DE
ERTEZZEBICANDIENEEICRUZT, ZOR
Oy 77D NEBEIEF. ARZFEBLTEHETDZEN
TEE9,

VDROPOUT = IHALL X RPU

IHALLISTR—ILETICHIEINEERARERTHY . Rpy
IIMAX9921 DABMKINT. K50 Q T ([TEEBNESF
M]DInput Pullup Resistance vs. Vgat (A7 IL77
T T Vean) DI T 7% SHR), flE LT, HALS73
N EERTDEDERETDE. SHEERIIEKX
17TmMATHD=H. ROV 770 NEEIFES0MVER,
A=l oHICHiESN2RNEEDHEEII6V -
0.85V = 5. 16VERLWE T, Zhid. HALS73TRE
SINTVDBR/NEEEBEI.7T5VEUEARERMETY,

PART MANUFACTURER WEBSITE COMMENT
HAL573-6 Micronas www.micronas.com 2-wire
HAL556/560/566 Micronas www.micronas.com 2-wire
HAL581/584 Micronas www.micronas.com 2-wire
A1140/1/2/3 Allegro www.allegromicro.com 2-wire
A1180/81/82/83 Allegro www.allegromicro.com 2-wire
A CZICEE S NIEAR—ILAA Y FIIRgeT = 63.4kQ A& FE D TMAXS92 1 THWILHBET I,
14 MNAXIMW
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