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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator, 4% Linear Regulators, 4x Gate Drivers, and SPI

FEATURES AND BENEFITS
A2-SIL™ product—device features for safety-critical systems
* Automotive AEC-Q100 qualified
» Wide input voltage range, 3.8 to 36 Vp operating range,
40 Vpy maximum
* 2.2 MHz buck or buck/boost pre-regulator (VREG: 5.35 V)
* Four internal linear regulators with foldback short-circuit
protection
o VUC: selectable output (3.3 V /5.0 V) regulator for
microcontroller
g V5C: 5V general purpose LDO regulator
g V5PI1 and V5P2: two LDO regulators (track VUC
voltage) with short-to-battery protection for remote
sensors
*  Q&A Watchdog and Window Watchdog timer
» Floating gate drivers with charge pump for external
isolator NFET control
* Control and diagnostic reporting through a serial
peripheral interface (SPI)
* Logic enable input (ENB) for microprocessor control
» Ignition enable input (ENBAT)
* Frequency dithering and controlled slew rate help reduce
EMI/EMC
» Undervoltage protection for all output rails
e Thermal shutdown protection
e —40°C to 150°C junction temperature range

APPLICATIONS

* Provides system power for (microcontroller/DSP, CAN,
sensors, etc.) and high current isolation FET gate driver
in automotive control modules, such as:

2 ™
0 Advanced braking systems (ABS) -/q_s I L
o Other automotive applications

o Electronic power steering (EPS)
PACKAGE: 38-Pin eTSSOP (suffix LV)

Not to scale

DESCRIPTION

The ARG82801-1 is a power management IC that integrates a
buck or buck/boost pre-regulator, four LDOs, and four floating
gate drivers. The pre-regulator uses a buck or buck/boost
topology to efficiently convert automotive battery voltages
into a tightly regulated intermediate voltage complete with
control, diagnostics, and protections.

The output of the pre-regulator supplies a 3.3 Vor 5.0 V
selectable 350 mA linear regulator, a 5 V/115 mA linear
regulator, and two 120 mA protected linear regulators which track
VUC output. Designed to supply power for microprocessors,
sensors, and CAN transceivers, the ARG82801-1 is ideal for
underhood applications.

The independent floating gate drivers have the capability of
controlling N-channel MOSFETs through SPI. These MOSFETs
can be configured as phase or battery isolation devices in high
current motor applications. An integrated charge pump allows the
driver outputs to maintain the power MOSFETs in the on state
over the full supply range with high phase-voltage slew rates.

Enable inputs to the ARG82801-1 include a logic level (ENB)
and a high voltage (ENBAT). The ARG82801-1 also provides
flexibility with disable function of the individual output rails
through a serial peripheral interface (SPI).

Diagnostic outputs from the ARG82801-1 include a power-on-
reset output (NPOR) and a fault flag output (FFn) to alert the
microprocessor that a fault has occurred. The microprocessor
can read fault status through SPI. Dual bandgaps, one for
regulation and one for fault checking, improve safety coverage
and fault detection of the ARG82801-1.

The ARG82801-1 contains two types of watchdog functions:
Q&A and Window Watchdog timer. The watchdog timer is
activated once it receives a valid SPI command from a processor.
The watchdog can be put into flash mode or be reset via secure
SPI commands.

The ARG82801-1 is supplied in a low-profile (1.2 mm maximum
height) 38-lead eTSSOP package (suffix “LV”") with exposed
power pad.
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Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

SELECTION GUIDE
Part Number Package Packing [1] Lead Frame
ARG82801KLVATR-1 | 38-pin eTSSOP with thermal pad | 4000 pieces per 7-inch reel 100% matte tin

[1] Contact Allegro for additional packing options.

ABSOLUTE MAXIMUM RATINGS [2]

Characteristic Symbol Notes Rating Unit
VIN Vuin -0.3t0 40 \
v With current limiting resistor [3] -13 to 40 \Y
ENBAT ENBAT -03t08 v
lENBAT 175 mA
-0.3to Vyy + 0.3 \
LX Vix t<250ns -15 \Y%
t<50ns Vyn+3 Vv
GU, GV, GW, GVBB Vau Vev Vew Veves Vgx —0.3to Vgy + 12 \Y%
SU, SV, SW, SVBB Vsu: Vev Vews Vsvas oo Vun* O v
Transient —-18to Vyn+5 V
VCP1 Vvept Vyin —0.3to Vyy + 8 \
VCP2 Vyep2 Vyin — 0.3 to Vyy +12 \Y
CP1CH Veprc: Vyin 2 12V Vyin = 12to Vyy + 0.3 \
Vyin < 12V —0.3to Vyy + 0.3 \Y
CP2C1 Vepact Vyin — 0.3 to Vygpq + 0.3 \
CP1C2 Vepic2 Vyn — 0.3 to Vygpq + 0.3 \Y%
CP2C2 Vepac2 Vepico = 0.3 10 Vygpy + 0.3 \Y
V5P1, V5P2 Vysp1, Vyspo Independent of Vy,y -1.0to0 40 \
All other pins -0.3to7 V
Junction Temperature T, -40 to 150 °C
Storage Temperature Range Tsig -40 to 150 °C

[2] Stresses beyond those listed in this table may cause permanent damage to the device. The absolute maximum ratings are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the Electrical Characteristics table is not implied. Exposure to absolute-maximum-rated conditions
for extended periods may affect device reliability.

131 The higher ENBAT ratings (—13 V and 40 V) are measured at node “A” in the following circuit configuration:

Node “A”

ARG82801-1

THERMAL CHARACTERISTICS: May require derating at maximum conditions; see application information

Characteristic Symbol Test Conditions [4] Value | Unit

Junction to Ambient Thermal Resistance Regua eTSSOP-38 (LV) package 30 °C/W

[41 Additional thermal information available on the Allegro website.

Allegro MicroSystems
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI
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Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

FUNCTIONAL BLOCK DIAGRAM

|LTHF
| 022F
8 a8
I o
kd o| |o
VBAT
l Charge Pump1 l l Charge Pump2
VIN
Din I —f€¢——— VREG
»l
L]
Vet
h REMOVE D2 AND Q1
Tl FOR BUCK ONLY MODE
- D2 535V
X =
L o—| CcomP comP
o ITII
I PRE-REGULATOR += = L L
L B8G1 —»| (VREG)
= osc2 LK al 104F
l VREG ON——| (W Hiccup Mode) G o208
I VCP1UV  ——| STOP PWM
VREG |-
KEY_SW 8
P TeloVeCEVou yycsel state wil
MASTER be latched at start-
IC POR H up, don't care during
FOLDBACK | TeweND@3ven operation
* indicates a
latched fault VREG M ey
e g 533V
— LDOs ON———3 350 mA
FOLDBACK 22 uFI
MPOR: STARTUP/ VREG ON VRES—>
SHUTDOWN BG1———>| V5C 5V
SEQUENCE LDOs ON L0os oN———»] PO 115 mA
22 pF;
V5P1osc I
FOLDBACK Short to VBAT
Protection
VREG —| L
vue —>f
LDOs ON Tracking T—I—@W 5V (VUCSEL=Hi)
= RENVSP1 120 mA
Wy {Fe dofaulte) o ShotoVBAT] | 224F
I FOLDBACK Protection
= VREG —f
WS —> Tracking [ vspa—l—> 5V (VUCSEL=Hi)
ol osoN——y 4 bo 2 120 mA
RENV5P2’ i
——»[ En (default0) I VBAT
vep2 —
Gate-Driver
ONIOFF  BG2 ENVBE —
sveB
w
Vi —
uc RST REF
ENW —¢
NPOR NFOR | GVBB (w.rt. SVBB)
j«— DE- GU (w.rt. SU)
| GLITCH|e— GV (w.rt SV)
F [ 1t cx [e— GW (w.rt. SW)
vue MPOR -
oviuv SVBB_UV
DETECT I3
Fault &
FFn _Je— NPOR Ve [
&
VP2
Fault Flag Vs 3-Phase
vuc 3-phase BLDC
V5C BLDC - Motor
ToSPI V5P1 Motor =
register V5P2 Driver !
e
’_‘3
e 15D VREG 112 1
cl VUC x1/2 ‘H]
LK VSC x 112 ‘,_ sw
V5P1 x 1/2 GwW
e
MPOR V5P2 X 112 |
le— WD F VENBAT x1/8
VCP1x 112 AMUXO

VeP2x 1112

VIN X110

QA
WATCHDOG
we TIMER

(@20”)

Allegro MicroSystems

ALLEGRO
Manchester, NH 03103-3353 U.S.A.

microsystems www.allegromicro.com




Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

Terminal List Table

Number Name Function
VCP2 [I E] CP1C2 1 VCP2 Charge pump 2 reservoir capacitor connection
VCP1 [Z E CP1C1 2 VCP1 Charge pump 1 reservoir capacitor connection
VIN [3] [36] LX 3 VIN Input voltage pin
GND [4] oo . [ cpact 4 GND | Ground
VCC [E : : E CP2C2 5 VCC Internal voltage regulator bypass capacitor pin
|
ENB [6]] : : [33] PGND 6 ENB Logic enable input from a microcontroller or DSP
POE [7] : : 32] Lo 7 POE Gate drive enable signal, goes low if a watchdog fault is detected
NPOR [z : : E VREG 8 NPOR Active low, open-drain regulator fault detection output
|
| :
FEn [z : : E VUC 9 FFn FaL.JI.t Flag to ml.crocontroller . . - .
ENBAT [E : PAD : E V5C 10 ENBAT | Ignition enable input from the key/switch via a series resistor
| : :
GVEB [E : | E VUGSEL 11 GVBB Battery line MOSFET gate drive
| : 12 SVBB Battery line MOSFET source reference
sveB [12] ! [27] comp
! 13 GW W ph MOSFET gate dri
ow [3] \ : [35] AMUXO phase gate drive
: | 14 SwW W phase MOSFET source reference
sw [14] | i [25] wpin
\ ! 15 GV V phase MOSFET gate drive
ev [15] I [24] sbI
| _} 16 SV V phase MOSFET source reference
sv[e ~—------ 23] sDoO .
17 GU U phase MOSFET gate drive
GU |17 22| STRi
[: :] " 18 SuU U phase MOSFET source reference
su [E Z] sek 19 V5P1 5V protected regulator output which tracks VUC
VSP1 [E E Vop2 20 VV5P2 5V protected regulator output which tracks VUC
B 21 SCK SPI clock input from the microcontroller
Package LV, 38-Pin eTSSOP - - -
. . 22 STRn SPI chip select input from the microcontroller
Pinout Diagram
23 SDO SPI data output to the microcontroller
24 SDI SPI data input from the microcontroller
25 WDin Watchdog refresh input from a microcontroller or DSP
26 AMUXO | Analog Multiplexer output
27 COMP Error amplifier compensation network pin for the buck/boost pre-regulator
28 VUCSEL | VUC output voltage selection pin:

1 (High: should be tied to VCC), Vy,yc =5V
0 (Low: tied to GND), Vyyc =3.3V

29 V5C 5V regulator output

30 vucC Selectable Voyt (5 V or 3.3 V by VUCSEL) regulator output

31 VREG Voltage feedback input of the pre-regulator and supply input of the linear
regulators

32 LG Boost gate drive output for the buck/boost pre-regulator

33 PGND Power ground

34 CP2C2 | Charge pump 2 capacitor connection

35 CP2C1 Charge pump 2 capacitor connection

36 LX Switching node for the buck/boost pre-regulator

37 CP1C1 Charge pump 1 capacitor connection

38 CP1C2 | Charge pump 1 capacitor connection

- PAD Exposed thermal pad

- Allegro MicroSystems
ALLEGRO
Manchester, NH 03103-3353 U.S.A.
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS [1]: Valid at 3.8 V [4 < Vy,, < 36 V, —40°C < T, < 150°C, Vg = High or Vgygar = High,

unless otherwise specified

Characteristic |  symbol | Test Conditions Min. Typ. Max. Unit

GENERAL SPECIFICATIONS
After Vy iy > Vyiy(sTarT) @nd VREG in regulating, 3.8 135 36 v

. Buck-Boost Mode
Operating Input Voltage [2] Vyin - -
After VV|N > VV|N START and VREG in regulatlng,
( ) 5.5 13.5 36 \%
Buck Mode

VIN UVLO Start Voltage VV|N(START) VV|N r|S|ng 4.55 4.8 5.05 \Y

VIN UVLO Stop Voltage VV|N(STOP) VV|N falllng 3.25 3.5 3.75 \Y

VIN UVLO Hysteresis VV|N(HYS) VV|N(START) - VV|N(STOP) - 1.3 - \Y

la Vyin = 13,5V, Vyreg = 5.6 V (no PWM) - 13 - mA

VIN Supply Quiescent Current [] Vyn = 13.5V,

la(sLeer) - - — oro - - 13 MA
VENBAT Low and VENB LOW, TJ 25°C

PWM SWITCHING FREQUENCY AND DITHERING

Switching Frequency fosc Dithering off 2.0 2.2 24 MHz

Frequency Dithering Afosc As a percent of fogc - 10 - %

VIN Dithering Start Threshold [21 | V. Yy eing 85 90 95 v

ithering Sta resho
9 VIN(DITHER,ON) Vi falling N 17 N v
o Vy falling 7.8 8.3 8.8 %

VIN Dithering Stop Threshold I | VyyprtHER 0FF) —

' Vy\ fising - 18 - \

CHARGE PUMP (VCP1 AND VCP2)

Vvept = Vvine Vuin 29V, lygpq > -5 mA, _
Buck Mode 41 66 v
Vvep1 = Vuin, 8.5V < Vyiy 9V, lycpy > -5 MA,

VCP1 Output Voltage Vycpr B od 3.6 44 - %
Vyep1 = Vi, 3-8V <V 5.5V, 30 18 ~ v
Vgeg =5.35V, lycpq > —5 mA, Buck-Boost Mode ’ ’

Vvepz = Vvine Vuin > 9V, Iyepz > =1 MA, _
Buck Mode ° 10 v
Vyepz = Vuin: 8.5V < Vyn <9V, Iycpp > -1 MA, _

VCP2 Output Voltage Vycp2 Buck Mode 8 10 \
Vvepz = Vyiny 3.8V < Vyy 5.5V, Vygeg = 6.6 95 _ v
5.35V, lycpo > —1 mA, Buck-Boost Mode ’ ’

Switching Frequency fswicp) - 65 - kHz

VCC PIN VOLTAGE

Output Voltage V\/CC VVREG =535V - 4.4 - \Y

THERMAL PROTECTION

Thermal Shutdown Threshold [2] Trsp T, rising 165 - - °C

Thermal Shutdown Hysteresis [2] Thys - 15 - °C

11 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

121 Ensured by design and characterization, not production tested.
18] Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
I The lowest operating voltage is only valid if the conditions Vyy > ViysTarT) @nd Vycp — Vyin > Vyepuv,y @nd Vygreg in regulating are satisfied before Vi is reduced.

ALLEGRO
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Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [1]: Valid at 3.8 V[41 <V, < 36 V, -40°C < T, < 150°C, Vg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. | Unit
OUTPUT VOLTAGE SPECIFICATIONS
Pre-Regulator Output Voltage @1~ | Vigeg | Vyw =135V, 0.1A< lypeg < 1.2A | 525 | 535 | 545 | v
PULSE-WIDTH MODULATION (PWM)
PWM Ramp Offset Vewmorrs) | Vcomp for 0% duty cycle - 480 - mV
LX Rising Slew Rate [2] SR xrise | Vuin = 13.5V, 10% to 90%, lygeg = 1A - 1.4 - Vins
LX Falling Slew Rate [2] SR xralL | Vuin=13.5V,90% to 10%, lygeg = 1A - 1.5 - Vins
Buck Minimum On-Time toN(BUCK,MIN) - 85 160 ns
Buck Maximum Duty Cycle Dauckmaxy | Vuin<7.8V - - 100 %
Boost Maximum Duty Cycle DasT(vAx) rAef;?Jrla\img,>V\\mN=(S?T>Agv and VREG in - 65 - %
COMP to LX Current Gain 9MpowER - 4.57 - ANV
Slope Compensation [2] Sg 1.1 1.62 2.15 Alus
INTERNAL MOSFET
Vyn =135V, T;=-40°C 2, Ibg=0.1 A - 60 90 mQ
MOSFET On Resistance Rpsion) Vyn =135V, T;=25°C B Ipg=0.1A - 95 115 mQ
Vyin =135V, T;=150°C, Ipg =0.1A - 160 190 mQ
VENBéT <22V, YENB = Low, YLX =0V, B _ 10 uA
Vyiny =16V, -40°C < T; < 85°C 3]
MOSFET Leakage Current IFET(LKG) v PPPIVEY < Low Vo=0V
Vyn = 16 V, ~40°C < T, < 150°C - S0 150 WA
ERROR AMPLIFIER
Open Loop Voltage Gain AvoL - 60 - dB
Transconductance men Vgs (internal signal) = 750 mV 520 720 920 HANV
Vgs (internal signal) = 500 mV 260 360 460 ANV
Output Current loEn) - 75 - PA
) Vyin <85V 1.2 1.52 2.1 \Y
Maximum Output Voltage Vo(EaMAx) Vun > 95V 08 122 17 v
Minimum Output Voltage VoEaMIN) - - 300 mV
COMP Pull-Down Resistance Rcowmp CIEC;,SAL:ZT_JV\?;EdAl\J/I;::: L(;rw - 1 - kQ

[l For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or
pin (sinking).

121 Ensured by design and characterization, not production tested.

131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

[l The lowest operating voltage is only valid if the conditions Vyy > VyiysTar) @nd Vycp = Vyin > Vyepuv,y @nd Vygeg in regulating are satisfied before VN is reduced.
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Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [11: Valid at 3.8 V4 <V, < 36 V, -40°C < T, < 150°C, Vgyg = High or
Vengar = High, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
BOOST MOSFET (LG) GATE DRIVER
LG High Output Voltage ViGon) Vyin =6V, Vyreg =5.35V 4.6 - 5.35 \
LG Low OUtpUt Voltage VLG(OFF) VV|N =13.5 V, VVREG =535V - 0.2 0.4 \Y
LG Source Current [1] ILG(ON) VV|N =6 V, VVREG =535 V, VLG =1V - -300 - mA
LG Sink Current [1] ILG(OFF) VV|N =13.5 V, VVREG =5.35 V, VLG =1V - 150 - mA
SOFT-START
SS Ramp Time [2] tss - 900 - us
ovs VVREG <0.67V typlcal - foscls - -
0.67 V<V <1.34V typical - foscl/4 - -
SS PWM Frequency Foldback faw(ss) VREG i o8¢
1.34V < VVREG <2.68V typlcal - fosc/z - -
VVREG =268V typ|Ca| - fOSC - -
HICCUP MODE
Hiccup Enable Delay Time [2] thicEen) - 230 - us
Hiccup Recovery Time [2] thicREC) - 930 - us
PWM
Vyres < 13 Vrve, Veomp = VoEamax) - 32 - cycles
HiCCUp OCP PWM Counts tH|C(OCP)
V, >13V V =V - 120 - PWM
VREG ~ 1-9 V1vp, Vcomp = Vo(EA MAX) cycles
CURRENT PROTECTIONS
o Vyn <85V 3.83 42 4.77 A
Pulse-by-Pulse Current Limit ILiM(ton,min)
’ Vyn > 95V 2.49 2.8 3.11 A
LX Short-Circuit Current Limit ILimex) Latched fault after 2nd detection 53 71 - A

11 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or
pin (sinking).

121 Ensured by design and characterization, not production tested.

131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

1l The lowest operating voltage is only valid if the conditions Vy,y > VyiysTarm) @nd Vycp — Vyin > Vycpuvy @nd Vyreg in regulating are satisfied before Vy is reduced.
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Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ARG82801-1

ELECTRICAL CHARACTERISTICS (continued) [1]: Valid at 3.8 V41 <V, < 36 V, —40°C < T, < 150°C, Vgyg = High or

Vengat = High, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
MISSING ASYNCHRONOUS DIODE (D1) PROTECTION
Detection Level Vb(oPEN) -1.9 -1.4 -1.0 \
Time Filtering [2] toopeN) 50 - 250 ns
VUC, V5C, V5P1, V5P2 LINEAR REGULATORS
VUC Accuracy and Load Regulation vV 10 mA < lyyc <350 mA, Vyreg =5.25V, 4.9 5.0 5.1 Vv

(5 Vour) vues VUCSEL =1
V(%%Q/cfﬁ:)a[? and Load Regulation Viuess \1/%29;_'\:/% <350 mA, Vyreg =5.25V, 393 330 337 Vv
VUC Output Capacitance Range [2] Coutvug) 1.0 - 15 uF
V5C Accuracy and Load Regulation Vysc 5 mA<lysc < 115 mA, Vyreg =5.25V 4.9 5.0 5.1 \
V5C Output Capacitance Range [2] Coutvso) 1.0 - 15 uF
VgP\}:JcTc;uracy and Load Regulation Visp1 \S/LTc';AsTE:YiP% <120 mA, Vygeg =5.25V, 4.9 5.0 5.1 Vv
V5P1 Output Capacitance Range [2] Cout(vsp1) 1.0 - 15 uF
V5P2 Accuracy and Load Regulation vV 5 mA < lyspy < 120 mA, Vygeg = 5.25V, 4.9 5.0 5.1 Vv
(5 Vour) VP2 VUCSEL = 1

V5P2 Output Capacitance Range [2] Cout(vsp2) 1.0 - 15 uF
V5Px/VUC Tracking Ratio TRACKyspvuc | Vvue = 3-3 V, Vyspy / Vay3, VUCSEL = 0 1.500 1.515 1.530 VIV
V5Px Tracking Accuracy, Vyyc = 3.3V | TRACKj33 | lyspy = lyyc = 60 mA, VUCSEL =0 —-0.66 - 0.66 %
V5Px Tracking Accuracy, Vyyc =5V Vrracksy) | lvsex = lvuc = 60 mA, VUCSEL = 1 -25 - 25 mV
VUC OVERCURRENT PROTECTION
VUC Current Limit ["] lvucwimy -360 -570 -800 mA
VUC Foldback Current ["] lvucEek) | Vwuc =0V -60 -170 —250 mA
V5C OVERCURRENT PROTECTION
V5C Current Limit [1] lysc(Limy -120 -180 -250 mA
V5C Foldback Current (] lvscrek)y | Vvsc =0V -15 —60 -125 mA
V5P1 OVERCURRENT PROTECTION
V5P1 Current Limit ['] lysp1(Livy -135 -230 -350 mA
V5P1 Foldback Current [] lyspireky | Vvsp1 =0V -20 -60 -125 mA
V5P2 OVERCURRENT PROTECTION
V5P2 Current Limit ['] lyspa(Livy -135 -230 -350 mA
V5P2 Foldback Current [] lyspoEak) | Vvspo =0V -20 —60 -125 mA

11 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

121 Ensured by design and characterization, not production tested.
1381 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
] The lowest operating voltage is only valid if the conditions Vyy > ViysTarT) @nd Vycp — Vyin > Vyepuv,y @nd Vygreg in regulating are satisfied before Vi is reduced.
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Fully Integrated PMIC for Safety-Related Systems

ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [']: Valid at 3.8 V [41 < Vy;\ < 36 V, -40°C < T, < 150°C, Vg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol | Test Conditions | Min. Typ. Max. Unit
VUC, V5C, V5P1, AND V5P2 STARTUP TIMING
VUC Startup Time (5 Vo) fyUCS(STAR) S[’}é;csfgii *1‘F' Load =33 Q £5% (152 mA), - - 10 ms
VUC Startup Time (3.3 Voyr) 2 buucssisTaRT) | oy 229 b, Load = 33 0 £5% (100 mA), - - 10 ms
V5C Startup Time [2) tyscstar) | Cvsc < 2.9 pF, Load = 100 Q +5% (50 mA) - - 1.0 ms
V5P1 Startup Time [2] tysp1(sTaRT) | Cvspi < 2.9 pF, Load = 100 Q 5% - - 1.0 ms
V5P2 Startup Time [2] typostarT) | Cvspz < 2.9 pF, Load = 100 Q 5% - - 1.0 ms
IGNITION ENABLE (ENBAT) INPUT
ENBAT Throsholds VensarH) | Vensar rising 2.9 3.1 35 Y%
Venearwy | Vensar falling 22 26 2.9 v
ENBAT Hysteresis VengatHYs) | VENBAT(H) — VENBAT(L) - 500 - mV
Vengar = 0.8 V via a 1 kQ series resistor - - 5 HA
ENBAT Bias Current (1] leneaT@IAS) | VENBAT = 5.5 V Via @ 1 kQ series resistor - 50 100 pA
Vengar = 20 V via a 1 kQ series resistor - - 2 mA
ENBAT Pulldown Resistance RenAT Vengar < 1.2V - 600 - kQ
LOGIC ENABLE (ENB) INPUT
ENB Thresholds Vens | Vens MSing — — 20 v
Vensw) | Vens falling 0.8 - - Vv
ENB Bias Current [1] lENB(N) Veng = 3.3V - - 175 pA
ENB Resistance Rens - 60 - kQ
ENB/ENBAT FILTER/DEGLITCH
Enable Filter/Deglitch Time taEn) 10 15 20 us
VUC, V5C, V5P1, AND V5P2 UNDERVOLTAGE PROTECTION THRESHOLDS
VUC (5 Vour), V5C, V5P1, and V5P2 | Vvswvn) | Vs rising, VUCSEL = 1 - 4.68 - v
Undervoltage Thresholds Vyswvyy | Vs falling, VUCSEL = 1 4.50 4.65 4.80 Y
VUC (3.3 Vgut) Undervoltage VvsauvH) | Vvas rising, VUCSEL = 0 - 3.12 - v
Thresholds Vysawvyy | Vvas falling, VUCSEL = 0 238 3.1 3.19 %
oo ™57 | s | Ve~V BRI EE
VS)Z’L(;SS\i/sOUT) Undervoltage VvasuvHys) | Vvasuvr) — Vvasuvi - 20 - mV

1] For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or
pin (sinking).

121 Ensured by design and characterization, not production tested.

131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

I The lowest operating voltage is only valid if the conditions Vyy > ViysTarT) @nd Vycp — Vyin > Vyepuv,y @nd Vygeg in regulating are satisfied before Vyy is reduced.
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Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ARG82801-1

ELECTRICAL CHARACTERISTICS (continued) [1I: Valid at 3.8 V4 <V, < 36 V, -40°C < T, < 150°C, Vgyg = High or
Vengar = High, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
VUC, V5C, V5P1, AND V5P2 OVERVOLTAGE PROTECTION THRESHOLDS
VUC (5 Vgyr), V5C, V5P1, and V5P2 VvsovH) | Vvs rising, VUCSEL =1 5.15 5.33 5.5 \
Overvoltage Thresholds Vysovi) Vys falling, VUCSEL = 1 - 5.30 — \Yj
VUC (3.3 Vg7) Overvoltage VvasovH) | Vvas rising, VUCSEL =0 3.41 3.51 3.62 \
Thresholds Vyasovt) | Vvas falling, VUCSEL = 0 - 3.49 - %
VUC (5 Vour), V5C, V5P1, and V5P2
Overvoltage Hysteresis Vusovhys) | Vvsiovr) — Vvsou) - 30 - mV
VUC (3.3 V, Overvoltage
Hyst(eresisOUT) E VvasovHys) | Vvasovh) — Vvasovr) - 20 - mV
V5Px Output Disconnect Threshold Vyspxpisc) | Vvspx rising - 7.2 - \Y
VREG, VCPX, AND BG THRESHOLDS
VREG Non-Latching Overvoltage VvresovH) | Vvreg fising, LX PWM disabled 5.70 5.95 6.20 v
Threshold vV Vyreg falling, LX PWM enabled - 5.85 - v
VREG(OV,L) VREG
VREG Non-Latching Overvoltage
Hysteresis 9 9 Vyvreg(ovHys) | VvrRecov,H) — YVREG(OVL) - 100 - mV
V, rising, triggers rise of VUC linear
V. VREG 414 4.38 4.62 \
VREG Undervoltage Thresholds VREG(UVH) | regulator
VVREG(UV,L) VVREG falllng - 4.28 - \
VREG Undervoltage Hysteresis VVREG(UV,HYS) VVREG(UV,H) - VVREG(UV,,_) - 100 — mV
VCP1 Overvoltage Thresholds [2] Vyepiovr) | Vvees fising (w.rt. Vi) 11.0 12.5 14.0 \%
\ V. rising, PWM enabled (w.r.t. V 2.9 3.1 3.35 \%
VCP1 Undervoltage Thresholds VEPAOVH) VP! - 9 - ( )
VVCP'](UV,L) VVCP1 falllng, PWM disabled (Wrt VVlN) - 2.8 - \Y
VCP1 Undervoltage HyStereSiS VVCP1(UV,HYS) VVCP1(UV,H) - VVCP1(UV,L) - 400 - mV
\% \ rising, PWM enabled (w.r.t. V. 5.95 6.3 6.65 \Y
VCP2 Undervoltage Thresholds VCPZUVH) Ver2 - g - ( v
VVCPZ(UV,L) VVCP2 falllng, PWM disabled (Wrt VV|N) - 5.1 - V
VCP2 Undervoltage Hysteresis Vvepowvys) | VverawvHy — Vverawvy) - 1.2 - \Y
BG1 and BG2 Undervoltage .
Thresholds 2] VBGX(UV) VBG1 or VBGZ falllng 1.00 1.05 1.10 \Y
OVERVOLTAGE FILTERING/DEGLITCH TIME
Overvoltage Detection Delay 2 | tyov) | Overvoltage detection delay time 5 | - | 25 | us
UNDERVOLTAGE FILTERING/DEGLITCH TIME
Undervoltage Filter/Deglitch Times [2] | tauv) | Undervoltage detection delay time 5 | - | 25 | us

1 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

[21 Ensured by design and characterization, not production tested.
B3] Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

4l The lowest operating voltage is only valid if the conditions Vyy > VyiysTarT) @nd Vycp = Vyin > Vyepuvy @nd Vygeg in regulating are satisfied before Vyn is reduced.
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Fully Integrated PMIC for Safety-Related Systems
ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [']: Valid at 3.8 V [41 < Vy;\ < 36 V, -40°C < T, < 150°C, Vg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
NPOR TURN-ON AND TURN-OFF DELAYS
NPOR Turn-on Delay tanporon) | reqation to NPOR being assered high L I L
NPOR OUTPUT VOLTAGES
NPOR Output Low Voltage Vipore) | VvinZ 2.5V, Iypor = 2 MA - 150 400 mV
NPOR Leakage Current[1] Inpor(LKG) | VPor =33 V - - 2 pA
FAULT FLAG OUTPUT VOLTAGES (FFn)
FFn Output Voltage \G2) FFnis tripped, Vyy 2 2.5V, Igg =2 mA - 150 400 mV
FFn Leakage Current IFF(LKa) Vg =33V - - 2 HA
WD,y VOLTAGE THRESHOLDS AND CURRENT
WD,y Input Voltage Thresholds Vwomeo) | Vwo f..al?ing 08 — — v
Vwpin) | Vwoin rising - - 2.0 \
WD,y Pull-Down Resistance [2] Rwoin - 50 - kQ
WD,y TIMING SPECIFICATIONS
WDy Duty Cycle [2] Dwoin - 50 - %
Watchdog Activation Delay tawp) - 30 - ms
GATE DRIVE ENABLE (POE)
VpoEe(L) lpog =4 mA - 150 400 mV
POE Output Voltage Veose loog = —1.5 mA S\ijz B B v
VUCSEL LOGIC INPUT
VUCSEL Thresholds Viuesewr | Vvucse fising — — 20 v
Vvucserw) | Vvuesel falling 0.8 - - \

[l For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or
pin (sinking).

[21 Ensured by design and characterization, not production tested.

131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

[l The lowest operating voltage is only valid if the conditions Vyy > VyiysTar) @nd Vycp = Vyin > Vycpuv,y @nd Vyreg in regulating are satisfied before VN is reduced.
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [11: Valid at 3.8 V4 <V, < 36 V, -40°C < T, < 150°C, Vg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
SERIAL INTERFACE (STRn, SDI, SDO, SCK)
Input Low Voltage Vi - - 0.8 \Y
Input High Voltage ViH All logic inputs 2.0 - - \Y
Input Hysteresis Vinys All logic inputs 250 550 - mV
Input Pull-Down SDI, SCK Rpps 0V<Vyn<5V - 50 - kQ
Input Pull-Up To VCC lpy STRn - 50 - kQ
Output Low Voltage VoL loL =1 mAIll - - 0.4 \%
Output High Voltage Vou lo = —1mAIll 3‘8 x - - \Y

vuc
Clock High Time tsckH A'in Figure 1 50 - - ns
Clock Low Time tsckL B in Figure 1 50 - - ns
Strobe Lead Time tsTLD C in Figure 1 30 - - ns
Strobe Lag Time tsTig D in Figure 1 30 - - ns
Strobe High Time tsTRH E in Figure 1 300 - - ns
Data Out Enable Time tspoe F in Figure 1 - - 40 ns
Data Out Disable Time tspop G in Figure 1 - - 30 ns
Ds;iiggt Valid Time From Clock tspoy H in Figure 1 _ _ 40 ns
Data_Out Hold Time From Clock tspon Jin Figure 1 5 _ _ ns
Falling

Data In Setup Time To Clock Rising tspis K'in Figure 1 15 - - ns
Data In Hold Time From Clock Rising tspiH L in Figure 1 10 - - ns
Wake Up From Sleep ten - - 2 ms

'] For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

[21 Ensured by design and characterization, not production tested.
B3] Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

4l The lowest operating voltage is only valid if the conditions Vyy > VyiysTar) @nd Vycp = Vyin > Vyepuvy @nd Vygeg in regulating are satisfied before Vyn is reduced.

| 9 | A | B | ! D E
| : : ! L L
=== [
SCK 3 \‘ / \‘ [‘ | :
| | | h : | |
! ! ! ! | ! !
: . ! ! -—- ,
Sol i i X D15 X X X D14 X X X X DO X LoX
; ; ! ! --- .
I I I
Fy | WJi ! |
‘N—H ! - \f :‘—'\
‘ ‘ ‘ --- ! !
SDO —r<z‘ v D15 ! M D14' X Do’ 3 >—Z
I I | \ |
1 N 1 :4_‘"\ - I 1
H

Figure 1: Serial Interface Timing

X = do not exceed Watchdog Config timeout; Z = high-impedance (tri-state)
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [1]: Valid at 3.8 V[4] <V, < 36 V, —40°C < T < 150°C, Vgyg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol Test Conditions Min. Typ. Max. Unit
Gate Output Drive
Turn-On Time t, CLoap = 10 nF, 20% to 80% - 5 - us
Turn-Off Time t CLoap = 10 nF, 80% to 20% - 0.5 - us
Turn-On Pulse Current laxp 8.5 10 12 mA
Turn-On Pulse Time texp 22 - 42 ys
On Hold Current loxH - 400 - MA
) T,=25°C, Ig, =10 mA - 5 - Q
Pull-Down On Resistance Rps(on)pn T = 150°C. I = 10 A 10 o
J= »lox = - -
Vyin > 5.5V (w.r.t. Sx, or VIN if Vg, > Vyn) 8 9 12 \Y
5.0V <Vyn 5.5V (wrt. Sx, or VIN if Vg, > 79 9 _ Vv
Gx Output High Voltage VgH Vyn), Buck-boost mode '
Vyn =4.5V, Vg =55V (w.rt. Sx), B
Buck-boost mode 6.2 6.9 v
i 0,
Gate Drive Static Load Resistance [2 Ras rBe"'Stl‘g’;?)” Gx and Sx (using £1% tolerance 100 - - kQ
Gx Output Voltage Low VgL 10 pA<lg <10 pA - - Vg, +0.3 \
Gx Passive Pull-Down Rgpp Vgx— Vgx <03V - 950 - kQ
SVBB Undervoltage Threshold Falling | Vsyeguvy | Vsves falling (w.r.t. GND) - - 3 \
Undervoltage detection delay time, slow;
- - 0.8 1.0 ms
SVBB Undervoltage Filter/Deglitch ; GD_UV_FLT=0
Times d(UVFILTBE) Undervoltage detection delay time, fast; 37 3 18 s
GD_UV_FLT = 1 H
SU Undervoltage Threshold Falling Vsuuv) | Vsu falling (w.rt. GND); GD_U_SEL =1 - - 3 \
Undervoltage detection delay time, slow;
SU Und ltage Filter/Deglitch Ti t GD_UV_FLT=0,GD_U_SEL = 1 _ i . ”
naervoltage Fliter/Deglitcl imes d(UV,FILT,SU) X -
Undervoltage detection delay time, fast;
GD_UV_FLT = 1 3.7 - 18 Hs
GSx Undervoltage Threshold Rising 2 | Vggyuvhy | Vex rising (w.r.t. Sx, x = VBB, U, V, W) 6.0 - 7.0 \
GSx Undervoltage Threshold _
HyStereSis 2] VGSX(UV,HYS) x=VBB, U, V, W - 250 - mV
GSx Undervoltage Filter/Deglitch Time | tyuv,FiLt,asx :(Jr;d\sévgltagt\e/d\(/evtectlon delay time, - 1.4 - ms

[l For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

[21 Ensured by design and characterization, not production tested.
B3] Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
4l The lowest operating voltage is only valid if the conditions Vyy > VyiysTarT) @nd Vycp = Vyin > Vyepuvy @nd Vyreg in regulating are satisfied before Vy is reduced.
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

ELECTRICAL CHARACTERISTICS (continued) [1]: Valid at 3.8 V[4] <V, < 36 V, —40°C < T < 150°C, Vgyg = High or
Vengat = High, unless otherwise specified

Characteristic | Symbol Test Conditions | Min. Typ. Max. Unit
GATE OUTPUT DRIVE (continued)
From “SPI command is written” to
ENVBB Enable/Disable Delay Time tyense) | GVBB 20% (enable), to GVBB 80% (disable); - 1.5 - ms
GD_EN_DLY =0
From “SPI command is written” to
GU 20% (enable), to GU 80% (disable); - 1.5 - ms
. ) GD_U SEL=1;GD_EN_DLY =0
ENU Enable/Disable Delay Time taEen,u) - - —
From “SPI command is written” to
GU 20% (enable), to GU 80% (disable); - 10 - ms
GD U SEL=0;GD_EN DLY =0
. From “SPI command is written” to
ENV'and ENW Enable/Disable tyenx) | Gx 20% (enable), to Gx 80% (disable); - 10 - ms
Delay Time , GD EN DLY =0
ENVBB, ENU, ENV, and ENW Enable t From “SPI command is written” to Gx 20%; _ _ 3 s
Delay Time, Fast d(EN.X) GD_EN_DLY =1 H
ENVBB, ENU, ENV, and ENW Disable t From “SPI command is written” to Gx 80%; _ _ 2.5 s
Delay Time, Fast d(EN.X) GD_EN_DLY =1 : H

11 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as going into the node or

pin (sinking).

121 Ensured by design and characterization, not production tested.
131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

] The lowest operating voltage is only valid if the conditions Vy,y > VyiysTar) @nd Vycp — Vyin > Vycpuvy @nd Vygeg in regulating are satisfied before Vy is reduced.
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems

with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

Table 1: Startup and Shutdown Logic (signal names consistent with Block Diagram)

R((:)g:l;t:;ll:zl;t;l" gin::;i;;s ARG82801-1 Status Signals
ARG82801-1
ﬁzsg VREG  VUC  y/5c on \;5':’1 Isolator | g MPOR VREGUV Vvucuv  vscuv Y3Pland NPOR
ON ON V5P2  Drivers V5P2 UV
ON

RESET 0 0 0 0 0 1 0 0 0 0 0

OFF 0 0 0 0 0 0 0 1 1 1 1 0

STARTUP 1 0 0 0 0 1 0 1 1 1 1 0

! 1 1 0 0 R 1 0 0 1 1 1 0

! 1 1 1 0 R 1 0 0 0 1 1 1

! 1 1 1 R R 1 0 0 0 0 1 1

RUN 1 1 1 R R 1 0 0 0 0 0 1

DE1G5LfTSCH 1 1 1 R R 0 0 0 0 0 0 0

SHDL(’)TVT/',L\'G 1 1 0 0 R 0 0 0 0 0 0 0

! 1 0 0 0 0 0 0 0 0 1 1 0

! 0 0 0 0 0 0 0 0 1 1 1 0

OFF 0 0 0 0 0 0 0 1 1 1 1 0

X = DON’T CARE
EN = ENBAT + ENB
MPOR = VCC_UV + VCPx_UV +BG1_UV +BG2_UV +TSD + Dlyygging (latehed) + I jyyq x) (latched)
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Fully Integrated PMIC for Safety-Related Systems
ARG82801-1

with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

135V
VIN

EN' '«--- ENBOR ENBAT = HIGH

> - tyenss)”

§S*

Vss(orrs)”

COMPJ

fosc/8_ .
foscld _ L~

Y

=

VVREG(UV,H)
VREG /

Vvsuv,H
or

VUG VzauvH)

1.3V
Vvsuv,H)
V5C
VUC OK*
V5C OK* |
NPOR ON*
- lapoRON)
NPOR

* = internal signal/threshold/time

Figure 2: Startup Timing Diagram
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Fully Integrated PMIC for Safety-Related Systems
ARG82801 -1 with Buck or Buck-Boost Pre-Regulator,

4x Linear Regulators, 4x Gate Drivers, and SPI

VIN

ENB !
AND !
ENBAT !
|
|

VUC UV touT(FALL)

I S — | |

| .

All Outputs tid(U\}) !
—_— le— |

NPOR

All outputs start to decay t gy seconds after ENB and ENBAT are low.

Time for outputs to drop to zero, toyrrarr), Various for each output and depends on load current and capacitance.
NPOR falls when VUC reaches its UV point.

Figure 3: Shutdown Timing Diagram
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

TIMING DIAGRAMS (not to scale)
* = internal signal/threshold, + is for “or”

Voeamax)

I
I
T
I
I
I
| - JI_ - —:\’ VPWM(OFFS)*
comp 1|4
| 1
b [foso oot fosol £oo/8 foscl £ /8
| /4 | /4 | " /4 | "9%¢
LX :
P I I I ol I
P I 1ol I ol I
| I 1ol I ol I
vREg Votrooa-ooooo oo i el it Tt
L=\ L—t——"1\ lMB_,

I

N AP

| |
| |
| |
| |
\J v

————

|
|
!
|
| 120x OCP
|

Figure 5: Hiccup Mode Operation with VREG Overloaded (R, gap = 0.5 Q)
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems
with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

Table 2: Summary of Fault Mode Operation

ARG82801-1

set FFn Low

FAULT TYPE and LATCHED Isolator RESET
RESPONSE vccC VCP1 VCP2 | VREG vuc V5C V5P1 V5P2 . NPOR FFn POE SPI WD
CONDITION FAULT? Drivers METHOD
TO FAULT
Results in an
MPOR after 1
VREG asynchronous | i dion s all Yes No effect | No effect | Noeffect | Off off off off off off Low Low Low off off | Ptace D1 then
diode (D1) missing cycle EN or VIN
regulators are
shut off
Results in an
MPOR after
Asynchronous diode the high-side Remove the
(D1) short-circuited or | MOSFET current Yes No effect | No effect | No effect Off Off Off Off Off Off Low Low Low Off Off short then
LX shorted to ground | exceeds I jyx) cycle EN or VIN
so all regulators
are shut off
If OV condition Check for short
VCP1 0V persists for more No No effect i No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect On On circuits on
than tyov), then Vvepi(ovH) VCP1
set FFn Low
VIN UVLO AR?:szgosgeis i N Ramping | VIN VIN off off off off off off Low Low Low off off Increase VIN
ARG82801-1 is in . Replace
BG1UVLO reset state No Ramping VIN VIN Off Off Off Off Off Off Low Low Low Off Off ARG82801-1
ARG82801-1 is in| . Replace
BG2 UVLO reset state No Ramping VIN VIN Off Off Off Off Off Off Low Low Low Off Off ARG82801-1
vecuvio  [ARGB280T-Tisini g o | VN VIN off off off off off off Low Low Low off off | Removethe
reset state short circuit
vee shortlimit  [ARGB2801-Tisint g uvio | VIN VIN off off off off off off Low Low Low off off | Removethe
reset state short circuit
vepiuvio  [ARGE2BO1ising g ON UVLO | Noeffect | Off off off off off off Low Low Low off off Remove the
reset state short circuit
VCP2 UVLO Termlnate_ isolator No ON No effect uvLO No effect | No effect | No effect | No effect [ No effect Off No effect Low Low No effect | No effect Remov_e th_e
portion short circuit
Check for short
VREG overvoltage Slop PWM No No effect | No effect | No effect > No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect circuits on
Vvreg(ovH) < Vvreg | switching of LX VVREG(OVH) VREG
VREG will
decayto 0V,
LX will switch at
VREG pin open circuit m(:a)gEL‘sr; t‘::y No No effect | No effect | No effect | D8 10 [Offif ViregOff if Vyrec|Off if Vyreg(Offif Vypeq Off if Vigeg|Low i VUC| - O Vvreal o effect | No effect | COTNeCt the
pin op! vollltage R oV <UVLO | <UVLO | <UVLO | <UVLO | <UVLO |< Vyxxuvy) <UVLO VREG pin
output capacitors
will be very close
to VBAT
Continue to PWM
VREG shorted to | Puttum off LX
when the high OFf if Vyrea|OFf if Viyrea|OFf if Vyrea|OFf if Vyrea|OFf if Vygeg|Low if VUC Off if Vyreg| Remove the
Qrs/und V\;R\,;G <195V, side MOSFET No No effect | No effect | No effect | Shorted |~_ UVLO | <UVLO | <UVLO | <UVLO | <UVLO |< Vyxxwuy) Low <UVLO No effect | No effect short circuit
COMP ™ TOEAMAX) | current exceeds
lmex)
VREG overcurrent Enters hiccup . B " : . . .
Over-  |Off if Vygeg|Off if Vyrea|Off if Vyrea|Off if Vyrea|Off if Vyges|Low if VUC Off if Vyreg| Decrease the
Vyreg < 1.95V, mode after 30 No No effect | No effect | No effect current <UVLO | <UVLO | <UVLO | <UVLO | <UVLO < V. Low <UVLO No effect | No effect Joad
Veomr = Vo OCP faults VXX(UVL)
D(EAMAX)
VREG overcurrent Enters hiccup . . . . . . .
Over-  [Off if Vyreg|Off if Vyreg|Off if Vyrea|Off if Vyres|Off if Vygeg|Low if VUC Low if VUC Decrease the
VVVREC;?/ 95V, moc;lce:geurlcjo No No effect | No effect | No effect current | <UVLO | <UVLO | <UVLO | <UVLO | <UVLO |< Vyxxuuu) Low C Vixovn) No effect | No effect load
comP = VoEAMAX)
Closed loop
control will try to
raliitt r::avoll)t:ge Vwue < No effect | No effect Decrease the
VUC undervoltage ay No No effect | No effect | No effect | No effect | Vyxyuy) | No effect | (Track to | (Track to Off Low Low Low No effect | No effect
constrained by 4 vuC) vuC) load
the foldback or
pulse-by-pulse
current limit
I;rgi\s/tggrd x?)rr]e Vwue > No effect | No effect Check for short
VUC overvoltage P No No effect | No effect | No effect | No effect | Vyxxovn) | No effect | (Track to | (Track to Off Low Low Low No effect | No effect A
than tyoy) then 8 VUC) VUC) circuits
set NPOR Low
Foldback current No effect | No effect . . . .
VUC overcurrent limit will reduce No No effect | No effect | No effect | No effect Falling No effect | (Track to | (Track to Eci/w ifvuc EO\‘/” ifvuc to\\lm ifvuc t‘i/w ifvuc No effect | No effect Decrleasde the
the output voltage| VUC) VUC) VXX(UV.LS VVXX(UVD)|S VVXXUVILS YVXX(UVL) oa
Closed loop
control will try
o raise the Vyspr < Decrease the
V5P1 undervoltage | voltage but may No No effect | No effect | No effect | No effect | No effect | No effect v No effect | No effect | No effect Low No effect | No effect | No effect Joad
be constrained Va(uvL)
by the foldback
current limit
If OV condition Check for short
V5P1 overvoltage or | persists for more No No effect | No effect | No effect | No effect [ No effect | No effect Off No effect | No effect | No effect Low No effect | No effect | No effect circuits on
shorted to VBAT than td (OV) then V5P1

Continued on next page...
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Table 2: Summary of Fault Mode Operation (continued)

ARG82801-1
FAULT TYPE an LATCHED Isolator RESET
v and | PESPONSE ¢ vce | ver1 | vepz | VREG | vuc | vsc | vsp1 | vspz |'Solaor| \por | EEn | POE | s | wp S
CONDITION FAULT? Drivers METHOD
TO FAULT
Foldback current Decrease the
V5P1 overcurrent limit will reduce No No effect | No effect | No effect | No effect | No effect | No effect Falling No effect | No effect | No effect Low No effect | No effect | No effect load
the output voltage|
Closed loop
control will try
o raise the Vi < Decrease the
V5P2 undervoltage | voltage but may No No effect | No effect | No effect | No effect [ No effect | Noerect | NO effect VsP2 No effect | No effect Low No effect | No effect | No effect
i Vv5(uv L) load
be constrained ‘
by the foldback
current limit
V5P2 overvoltage or I;r(s)i\s/tggrdm?)?e Check for short
9 P No No effect | No effect | No effect | No effect | No effect | No effect | No effect Off No effect | No effect Low No effect | No effect | No effect circuits on
shorted to VBAT than tyoy) then V5P2
set FFn Low
Foldback current Decrease the
V5P2 overcurrent limit will reduce No No effect | No effect | No effect | No effect | No effect | No effect | No effect Falling No effect | No effect Low No effect | No effect | No effect Joad
ithe output voltage|
If OV condition
V5C overvoltage persists for more No No effect | No effect | No effect | No effect | No effect Vvsc > No effect | No effect | No effect | No effect Low No effect | No effect | No effect C_hegk for short
than tyov) then Vys(ovH) circuits on V5C
set FFn Low
Closed loop
control will try
(o raise the Vysc < Decrease the
V5C undervoltage voltage but may No No effect | No effect | No effect | No effect | No effect VsC No effect | No effect | No effect | No effect Low No effect | No effect | No effect
. VysuviL) load
be constrained i
by the foldback
current limit
Foldback current Decrease the
V5C overcurrent limit will reduce No No effect | No effect | No effect | No effect | No effect Falling No effect | No effect | No effect | No effect Low No effect | No effect | No effect load
the output voltage|
T
Thermal shutdown re Iatt‘)rs are No No effect | No effect | No effect Off Off Off Off Off Off Low Low Low No effect | No effect | ARG82801-1
ou 3 cool
shut off
Put the system Get proper
Window WD error into a safe state No No effect | No effect | No effect | No effect | No effect | No effect Off Off Off No effect Low Low No effect - signal from
microcontroller
Put the system Get proper
Q&A watchdog error into a saf;’ state No No effect | No effect | No effect | No effect | No effect | No effect Off Off Off No effect Low Low No effect - signal from
microcontroller
BIST error Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Off No effect Low Low No effect | No effect | Write 1 to reset
. GVBB: off Check for short
Corresponding GU, GV, circuits on
SVBB_UV (GVBB) Isolator Yes No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect '~ | No effect Low No effect | No effect | No effect
" GW: No SVBB, Toggle
° effect ENVBB
GU: off Check for short
SU_uv Corresponding GVBB, GV, circuits on SU,
(see 0x09 [D7]) (GU) Isolator off Yes No effect | No effect | No effect | No effect [ No effect | No effect | No effect | No effect GW: No No effect Low No effect | No effect | No effect Toggle ENU and
effect Write 1 to reset
Check for short
GSx_UV Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect cirouits on Gx
. . Check for short
LG operation failure Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect cirouits on LG
VDD_UV Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect May lose | May have Res""." the
contents effect device
DBE Fault Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect stets:zéhe
SE Fault Fault flag No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect Ch;;thl
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ARG82801-1

Fully Integrated PMIC for Safety-Related Systems

with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

FUNCTIONAL DESCRIPTION

Overview

The ARGS82801-1 is a power management IC designed for safety-
critical applications. It contains one switching and four linear
regulators to create the voltages necessary for typical automotive
applications such as electrical power steering.

The ARG82801-1 pre-regulator can be configured as a buck
converter or buck boost. Buck boost is suitable for when
applications must work with extremely low battery voltages.
This pre-regulator generates a fixed 5.35 V to power the internal
or external post-regulators. These post-regulators generate the
various voltage levels for the end system.

Pre-Regulator

The pre-regulator incorporates an internal high-side buck switch
and a boost switch gate driver. An external freewheeling diode
and LC filter are required to complete the buck converter. By
adding a MOSFET and boost diode, the pre-regulator can now
maintain all outputs with input voltages down to 3.8 V.

The pre-regulator provides many protection and diagnostic func-
tions:

Pulse-by-pulse and hiccup mode current limit

Undervoltage detection and reporting

Shorted switch node to ground

Open freewheeling diode protection

A

High voltage rating for load dump

Bias Supply

The bias supply (V) is generated by an internal linear regulator.
This supply is the first rail to start up. Most of the internal control
circuitry is powered by this supply. The bias supply includes
some unique features to ensure safe operation of the ARG82801-
1. These features include:

1. Input voltage undervoltage lockout

2. Output undervoltage detection and reporting
3. Overcurrent and short-circuit limit
4

Dual input, VIN and VREG, for low battery voltage operation
Charge Pump

Charge pump circuits provide the voltage necessary to drive high-
side N-channel MOSFETs in the pre-regulator, linear regulators,

and floating gate drivers. Four external capacitors are required for
charge pump operation. During the first cycle of the charge pump

action, the flying capacitor between pins CP1C1 and CP1C2 is
charged either from VIN or VREG, whichever is highest. During
the second cycle, the voltage on the flying capacitor charges the
VCP1 capacitor and the flying capacitor, between pins CP2C1
and CP2C2. During the next cycle, the voltage on the flying
capacitor charges the VCP2 capacitor. The charge pump incorpo-
rates some safety features:

1. Undervoltage and overvoltage detection and reporting

2. Opvercurrent safe mode protection
Bandgap

Dual bandgaps are implemented within the ARG82801-1. One
bandgap is dedicated to the voltage regulation loops within

each of the regulators, VCC, VCPx, VREG, and the four post-
regulators. The second is dedicated to the monitoring function of
all the regulators undervoltage and overvoltage. This improves
safety coverage and fault reporting from the ARG82801-1.

Should the regulation bandgap fail, then the outputs will be out of
specification and the monitoring bandgap will report the fault.

If the monitoring bandgap fails, the outputs will remain in
regulation, but the monitoring circuits will report the outputs as
out of specification and trip the fault flag.

The bandgap circuits include two other bandgaps that are used to
monitor the undervoltage state of the main bandgaps.

Enable

Two Enable pins are available on the ARG82801-1. A high
signal on either of these pins enables the regulated outputs of the
ARG82801-1. One Enable (ENB) is logic-level compatible. The
second enable (ENBAT), is battery-level rated and can be con-
nected to the ignition switch.

Linear Regulators

The ARG82801-1 has four linear regulators: one 5 V regulator,
one 5 V or 3.3 V selectable regulator, and two protected regulators
which track VUC (5 Vor 3.3 V).

All linear regulators provide the following protection features:

1. Current limit with foldback
2. Undervoltage and overvoltage detection and reporting

The protected regulators (V5P1 and V5P2) include protection
against connection to the battery voltage. This makes these out-
puts suitable for powering remote sensors or circuitry where short
to battery is possible.

ALLEGRO

22

Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.

microsystems www.allegromicro.com



ARG82801-1

Fully Integrated PMIC for Safety-Related Systems

with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

The pre-regulator powers these linear regulators which reduces
power dissipation and temperature.

VUCSEL | Vourt(typ) Startup Tracking
1 5V
vucC When n/a
0 33v | VvReG > VVREG(UVH)
Don’t When
V5C 5V n/a
Care Vvue > Vs ! VvasuvH)
VUC (DC level)
Don't During start-up it
V5Px Care 5V Enabled via SPI does not track VUC
since default SPI bit is
“disabled”

Fault Detection and Reporting

There is extensive fault detection within the ARG82801-1; most
have been discussed previously. There are two fault reporting
mechanisms used by the ARG82801-1: one through hardwired
pins and the other through a serial communications interface
(SPI).

Two hardwired pins on the ARG82801-1 are used for fault report-
ing. The first pin, NPOR, reports on the status of the VUC output.
This signal goes low if this output is out of regulation. The
second pin, FFn (active low fault flag), reports on all other faults.
FFn goes low if a fault within the ARG82801-1 exists. The FFn
pin can be used by the processor as an alert to check the status of
the ARG82801-1 via SPI and see where the fault occurred.

Startup Self-Test

The ARGS82801-1 includes self-test which is performed during
the startup sequence. This self-test verifies the operation of the
undervoltage and overvoltage detection circuits for the main
outputs.

In the event the self-test fails, the ARG82801-1 will report the
failure through SPI.

Undervoltage Detect Self-Test

The undervoltage (UV) detectors are verified during startup of

the ARG82801-1. A voltage that is higher than the undervoltage
threshold is applied to each UV comparator; this should cause the
relative undervoltage fault bit in the diagnostic registers to change
state. If the diagnostic UV register bits change state, the corre-
sponding verify register bits will latch high. When the test of all
UV detectors is complete, the verify register bits will remain high
if the test passed. If any UV bits in the verify registers, after test,
are not set high, then the verification has failed. The following UV
detectors are tested: VREG, VUC, V5C, V5P1, and V5P2.

Overvoltage Detect Self-Test

The overvoltage (OV) detectors are verified during startup of the
ARGS82801-1. A voltage is applied to each OV comparator that

is higher than the overvoltage threshold; this should cause the
relative overvoltage fault bit in the diagnostic registers to change
state. If the diagnostic OV register bits change state, the corre-
sponding verify register bits will latch high. When the test of all
OV detectors is complete, the verify register bits will remain high
if the test passed. If any OV bits in the verify registers after test
are not set high, then the verification has failed. The following
OV detectors are tested: VREG, VUC, V5C, V5P1, and V5P2.

Overtemperature Shutdown Self-Test

The overtemperature shutdown (TSD) detector is verified on
startup of the ARG82801-1. A voltage is applied to the comparator
that is lower than the overtemperature threshold and should cause
the general fault flag to be active and an overtemperature fault bit,
TSD, to be latched in the Verify Result register 0. When the test is
complete, the general fault flag will be cleared and the overtem-
perature fault will remain in the Verify Result register 0 until reset.
If the TSD bit is not set, then the verification has failed.

Power-On Enable Self-Test

The ARG82801-1 also incorporates continuous self-testing of the
power-on enable (POE) output. It compares the status of the POE
pin with the internal demanded status. If they differ for any reason,
an FFn is set and the POE_OK in SPI diagnostic register goes low.

Watchdog Timer

The ARG82801-1 has two watchdog functions: window watchdog
timer and Q&A watchdog timer. When the regulators (VUC and
V5C) have been above their undervoltage thresholds for watchdog
activation delay (tywp)), WD is activated, WD state will be in the
configuration state (“Config”), and the user can set the configura-
tion within 220 ms (min, typroconrig))- If no configuration input
until typroconrig) 18 expired, WD moves into “RESET”. Moving
back to “Config” mode requires secure SPI command (0x0B).

WINDOW WATCHDOG

The ARGS82801-1 window watchdog circuit monitors an external
clock applied to the WDIN pin. This clock should be generated
by the microcontroller or DSP. The time between rising edges

of the clock must fall within a SPI-programmed “window” or a
watchdog fault will be generated. A watchdog fault will set POE
“low”.

After startup, if no clock edges are detected at WDIN for watch-
dog activation delay tywp) + max timeout (written in 0x09), the
ARGS82801-1 will generate watchdog fault and reset its counters.
This process will repeat until the system recovers and clock edges
are applied to WDIN.
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Q&A WATCHDOG

The Q&A watchdog circuit monitors an answer code from the
microcontroller. The Q&A watchdog procedure is as follows:

1. Write 0x08 to set open window period and acceptable number
of mis-refresh in “Config” mode.

2. Write 0x0B for watchdog restart. Then ARG82801-1 enters
into “Normal” mode and generates 6-bit random code.

3. Microcontroller reads 0x0A to get 6-bit random code via
SDO.

4. Write 0x0A with 6-bit inverted random code within open
window period. In case the ARG82801-1 can’t get the right in-
verted code, then the watchdog timer is refreshed and generates
new 6-bit random code. ARG82801-1 can accept mis-refresh.

5. Repeat #2 to #4 within the programmed window.

Analog Multiplexer Output

The AMUXO terminal is an analog multiplexer output to monitor
the voltage of the nodes detailed in Table 3. The output is selected
through the serial interface (0x0C). The driving capability of

this output is I mA and maximum voltage is 3.8 V. Reference
response time from SPI register write to AMUX output change is
~20 ps.

Table 3: Analog Multiplexer Output

Node Signal Divide Ratio Tolerance (reference)
VREG 12 +6%
vuc 12 +6%
V5C 12 +6%
V5P1 112 +6%
V5P2 112 +6%
VENBAT 1/8 +6%
VCP1 112 +6%
VCP2 112 +6%
BG1 17 +6%
BG2 17 +6%
VIN 1/10 +6%
TEMP - Output (mV) = 1440 mV — 3.92 mV/°C x T, (°C)

Floating MOSFET Gate Drivers

The ARGS82801-1 has four independent floating gate drive out-
puts to drive external, low on-resistance, power N-channel MOS-
FETs connected as a 3-phase solid state relay in phase-isolation
applications and an input battery line isolator.

A charge pump regulator provides the above-battery supply voltage
necessary to maintain the power MOSFETSs in the on state continu-
ously when the phase voltage is equal to the battery voltage.

An internal resistor, Rgpp, between the Gx and Sx pins plus an
integrated hold-off circuit, will ensure that the gate-source volt-
age of the MOSFET is held close to 0 V even with the power dis-
connected. This can remove the need for additional gate-source
resistors on the isolation MOSFETs. In any case, if gate-source
resistors are mandatory for the application, then the pump regula-
tor can provide sufficient current to maintain the MOSFET in the
on state with a gate-source resistor as low as 100 kQ.

The four gate drives can be controlled independently through the
serial interface by setting the appropriate bit in the control register.

The floating gate-drive outputs for external N-channel MOSFETs
are provided on pins GVBB, GU, GV, and GW. Gx=1 (or “high”)
means that the upper half of the driver is turned on and current
will be sourced to the gate of the MOSFET in the phase isolation
circuit, turning it on. Gx=0 (or “low”’) means that the lower half
of the driver is turned on and will sink current from the external
MOSFET’s gate to the respective Sx terminal, turning it off.

The reference points for the floating drives are the load phase con-
nections, SVBB, SU, SV, and SW. The discharge current from the
floating MOSFET gate capacitance flows through these connections.

In some applications, it may be necessary to provide a current
recirculation path when the motor load is isolated. This will be
necessary in situations where the motor driver does not reduce the
load current to zero before the isolation MOSFETs are turned off.

The recirculation path can be provided by connecting a suitably
rated power diode to the “motor” side of the isolation MOSFETs
and GND. See the Functional Block Diagram for more details.
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Table 4: Floating MOSFET Driver
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Enable/Disable Gate to Source to GND UV UV Filter
GD U SEL Source UV
Name © BQEDS]) Purpose
X . . State . State GSx UV SVBB/SU UV
Register Bit | GD_EN_DLY Delay Register bit Function Register bit GD_UV_FLT Filter Filter
0 1.5ms 0 1.4 ms 0.8 ms
GVBB/ X (don't care) VBAT ENVBB GSVBB_UV Yes SVBB_UV
SVBB disconnect (0x07 [D3]) 1 EN<3ps (0x02 [D7]) (0x02 [D3]) 1 1 us 1 s
DIS <2.25 us
Phase 0 10 ms SU_UV 0 1.4 ms -
0 disconnect ; EN<3ps No (Disabled) | (0x02 [D_2]) 1 .
DIS < 2.25 ps Always=0 us -
GU/SU ENU GSU_UV
(0x07 [D2]) 0 15ms (0x02 [D6]) 0 14ms 0.8ms
1 VBAT Yes SU_uv
disconnect EN<3ups (0x02 [D2])
1 DIS < 2.25 s 1 11 ps 11 ps
0 10 ms 0 1.4 ms -
Phase ENV GSV_UvV
Gv/sv X disconnect | (0x07 [D1]) ) EN<3ps | (0x02D5]) No - ] 1y ~
DIS < 2.25 us
0 10 ms 0 1.4 ms -
Phase ENW GSW_UV
ewisw x disconnect | (0x07 [DO]) ] EN<3ps | (0x02[D4) No - ; _— _
DIS < 2.25 us
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Vi >V,

v ” Vuinsrarn)
&

ENBAT or ENB=1
v

Vie>36V
vee & Internal Vg
VCC wake-up va/\,Vm ramps up

>V,

cox(UVH)

IC POWER UP

Soft start

VREG/ Regulator Startup

V,
>V,

VREG up

N
VSS
> Vssiorrs)

COMP wake-up
( Judge VUCSEL )

VREG(UV,H)

Regulator POWER

Regulator
POWER UP

T
Ve >V,

we ” Vvucovn)
>V,

vsc 7 Y vsciuvH)

Regulator ready

Start WD start delay
Start NPOR delay, NPOR=0

NPOR delay expired,
NPOR=1

~ Write Secure SPI
“ Config”
& WD Activation delay

L. expired

POE=0 POE=1
WDQTO_F=0 WDQTO_F=0
WDQA_F=0 WDQA_F=0
WDW_F=0 WDW_F=0

NPOR=1 NPOR=1

T
Write St‘acure SPI Write Secure SPI

“FLASH” “DISABLE”

Wait for a RESTART, CONFIG, DISABLE, or FLASH command
WD fault status remains until some of above command is written

CONFIG (WD)

?

i

Initialize WD registers NO POE=0 POE=0 POE=0
POE=0 WDQTO_F=0 WDQTO_F=0 WDQTO_F=0
WDQTO_F=0, WDQA_F=0 WDQA_F=0 WDQA_F=0 WDQA_F=1
WDW_F=0 WDW_F=0 WDW_F=1 WDW_F=0
NPOR=1 ’ NPOR=1 V5P1, V5P2, Isolator: V5P1, VSPZT Isolator:
Start WD config timeout WD Config Timer expired default default
(220 ms-min) before
host wrote WD_SEL bits POE=1
to a non zero value WDQTO_F=0
WDQA _|
Write Secure SPI oW POE=0
CONFIG (TIMEOUT) “RESTART” NPOR=1 WDQTO_F=1
WDQA_F=0
POE=0 Write Secure SPI WDW_F=0
WDQTOV,VFD:;/, vFVDIQA,F:l “FLASH” V5P1, V5P2, Isolator:
_F= N default
Write Secure SPI VSP1, V5P, Isolator: default Write Secure SPI

“ Config”

Q&A WD Timeout (TO) starts

Generate 6-bit
random code

WD active

“DISABLE”

NORMAL OPERATION (WD)

Q&A WATCHDOG WINDOW WATCHDOG

Window WD
Timeout (TO) starts

Reset: WD Timeout

Reset: WD Timeout

Processer reads
code and send back
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WD Retry counter
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WD_IN pulse is
between
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Answer comes back
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Figure

6: Watchdog State Diagram
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SERIAL COMMUNICATION INTERFACE

The ARG82801-1 provides the user with a three-wire synchro-
nous serial interface that is compatible with SPI (Serial Periph-
eral Interface). A fourth wire can be used to provide diagnostic
feedback and readback of the register content.

The serial interface timing requirements are specified in the Elec-
trical Characteristics table and illustrated in the Serial Interface
Timing diagram (Figure 1). Data is received on the SDI terminal
and clocked through a shift register on the rising edge of the
clock signal input on the SCK terminal. STRn is normally held
high and is only brought low to initiate a serial transfer. No data
is clocked through the shift register when STRn is high, allow-
ing multiple SDI slave units to use common SDI, SCK, and SDO
connections. Each slave then requires an independent STRn con-
nection.

When 16 data bits have been clocked into the shift register, STRn
must be taken high to latch the data into the selected register.
When this occurs, the internal control circuits act on the new data
and the Diagnostic register is reset.

If there are more than 16 rising edges on SCK or if STRn goes
high and there are fewer than 16 rising edges on SCK, the write
will be cancelled without writing data to the registers. In addition,
the Diagnostic register will not be reset, and the SE (serial error)
bit will be set to indicate a data transfer error.

Pattern at SDI Pin

Diagnostic information or the contents of the configuration and
control registers is output on the SDO terminal MSB first while
STRn is low, and changes to the next bit on each falling edge of
SCK. The first bit, which is always the FF (fault flag) bit from the
Diagnostic register, is output as soon as STRn goes low.

Each of the programmable (configuration and control) registers
has a write bit, WR (bit 10), as the first bit after the register
address. This bit must be set to 1 to write the subsequent bits
into the selected register. If WR is set to 0, then the remaining
data bits (bits 9 to 0) are ignored. The state of the WR bit also
determines the data output on SDO. If WR is set to 1, then the
Diagnostic register is output. If WR is set to 0, then the contents
of the register selected by the first five bits is output. In all cases,
the first bit output on SDO will always be the FF bit from the
Diagnostic Register.

The ARG82801-1 has 15 register banks. Bit <15:11> represents
the register address for read and write. Bit <10> detects the read
and write operation. For write operation, Bit <10> = 1, and for
read operation, bit value is logic low. Bit <9> is an unused bit.
Maximum data size is eight bits, so Bit <8:1> represents the data
word. The last bit in the serial transfer, Bit <0> is parity bit that
is set to ensure odd parity in the complete 16-bit word. Odd par-
ity means that the total number of 1s in any transmission should
always be an odd number. This ensures that there is always at
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MSB LSB
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
A4 A3 A2 A1 A0 WIR NU D7 D6 D5 D4 D3 D2 D1 DO P
5-Bit Address 8-Bit Data
Pattern at SDO Pin after SDI Write
MSB LSB
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DBE FF SE ENBATS | WDW_F |\WDQTO_F|WDQA_F |VREG_OK| VCC_OK | VCP_OK|VUC_OK| V5C_OK 0 0 0 P
Diagnostics
Pattern at SDO Pin after SDI Read
MSB LSB
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DBE FF SE ENBATS | WDW_F [WDQTO_F|WDQA_F D7 D6 D5 D4 D3 D2 D1 DO P
Diagnostics 8-Bit Data
27

Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.

microsystems www.allegromicro.com



ARG82801-1

Fully Integrated PMIC for Safety-Related Systems

with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

least one bit set to 1 and one bit set to 0 and allows detection of
stuck-at faults on the serial input and output data connections.
The parity bit is not stored but generated on each transfer.

Register data is output on the SDO terminal MSB first while
STRn is low and changes to the next bit on each falling edge of
the SCK. The first bit, which is always the FF bit from the status
register, is output as soon as STRn goes low.

If there are more than 16 rising edges on SCL or if STRn goes
high and there are fewer than 16 rising edges on SCK, the write
will be cancelled without writing data to the registers. In addition,
the diagnostic register will not be reset the SE bit will be set to
indicate a data transfer error.

SDI: Serial data logic input with pull down. 16-bit serial word
input MSB first.

SCK: Serial clock logic input with pull-down. Data is latched
in from SDI on the rising edge of SCL. There must be 16 rising
edges per write and SCK must be held high when STRn changes.

STRn: Serial data strobe and serial access enable logic input
with pull-up. When STRn is high, any activity on SCK or SDI
is ignored and SDO is high impedance, allowing multiple SDI
slaves to have common SDI, SCK, and SDO connections.

SDO: Serial data output. High impedance when STRn is high.
Output bit 15 of the status register, the fault flag (FF) as soon as
STRn goes low.

Register Mapping

STATUS REGISTERS

The ARGS82801-1 provides three status registers. These registers
are read only. They provide real-time status of various functions
within the ARG82801-1.

These registers report on the status of all four system rails. They
also report on internal rail status, including the charge pump,
VREG, and VCC rails. The general fault flag and watchdog fault
state are found in these status registers.

The logic that creates the power-on enable and power reset status
are reported through these registers.
CONFIGURATION REGISTERS

The ARGS82801-1 allows configuration of the watchdog valida-
tion parameters and disabling dithering function.

The watchdog can only be configured during “Config” state. This
occurs when the ARG82801-1 is initially enabled or the watch-
dog is restarted through SPI.

The ARGS82801-1 uses frequency dithering for pre-regulator to
help reduce EMC noise. The user can disable this feature through
the SPI. Default is enabled.

All WD Configuration must be entered before modifying the WD
SEL bits, meaning Config 1 must be written before Config 0.

DIAGNOSTIC REGISTERS

There are multiple diagnostic registers in the ARG82801-1. These
registers can be read to evaluate the status of the ARG82801-

1. The high-level registers will indicate which area a fault has
occurred. Logic high on a data bit in this register implies that no
fault has occurred. The following are monitored by these regis-
ters:

All four outputs
* ARGS82801-1 bias voltage
* Charge pump voltage
* Pre-regulator voltage
Overtemperature
* Watchdog output
» Shorts on LX pin or open diode on pre-regulator

Note some of these faults will cause the ARG82801-1 to shut
down, which might shutdown the microprocessor monitoring the
SPI. In this event, the only way to read the fault would be to have
alternative power to the microprocessor so it can read the regis-
ters. If V¢ of the ARG82801-1 shuts down, all stored register
information is lost and the registers revert back to default values.

Other diagnostic registers store more details on each fault, this
includes:

» Overvoltage on a particular output or internal rail
» Undervoltage on a particular output or internal rail

The diagnostic registers are latch registers and will hold data if
a fault has occurred but recovered. These registers are reset by
writing a 1 to them.

OUTPUT ENABLE/DISABLE REGISTER

The output enable/disable register provides the user control of the
LDO outputs and isolator drivers. For LDO control, two bits must
be set high to enable an output. If only one bit is high, then the
5V outputs remain off.

WATCHDOG MODE KEY REGISTER

At times, it may be necessary to re-flash or restart the processor.
To do this, the user must put the watchdog into “Flash Mode” or
“restart”. This is done by writing a sequence of key words to the
“watchdog mode key” register. If the correct word sequence is
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not received, then the sequence must restart.

Once flash is complete, the processor must send the restart
sequence of keywords for the watchdog to exit “Flash Mode”. If
V¢ has not been removed from the ARG82801-1, the watchdog

will restart with the current configuration.

VERIFY RESULT REGISTERS

On every startup, the ARG82801-1 performs a self-test of the
UV and OV detect circuits. This test should cause the diagnostic
registers to toggle state. If the diagnostic register successfully
changes state, the verify result register will latch high. Upon

Table 5: Register Map

completion of startup, the system’s microprocessor can check the
verify result registers to see if the self-test passed.

Register DEC Bit Bit Bit Bit Bit Bit Bit Bit
HEX Address Name Address Type 7 6 5 4 3 2 1 0
0x00 STATUS_0 0 RO FF POE_OK SE NPOR_S NPOR_OK WDW_F WDQTO_F WDQA_F
0x01 STATUS_1 1 RO VCC_OK VCP_OK VREG_OK VUC_OK V5C_OK V5P1_OK V5P2_0K
RO GSVBB_UV GSU_uv GSV_Uv GSW_UV POE_S ENBAT_S
0x02 STATUS_2 2
RW1C SVBB_UV SU_uv
0x03 STATUS_3 3 RO CLK_ST_H CLK_ST_L ENB_S DBE TSD_OK LG_OK LX_OK D1_0OK
0x04 DIAG_0 4 RW1C VDD_UV VCC_UV VCP_OV VCP_UV V5P2_0V V5P2_UV
0x05 DIAG_1 5 RW1C VREG_OV VREG_UV vuc_ov VUC_uv V5C_0V V5C_UV V5P1_0V V5P1_UV
0x06 OUTPUT_ENABLE / DISABLE_0 6 RW V5P1_EN1 V5P2_EN1 V5P1_ENO V5P2_ENO
0x07 OUTPUT_ENABLE / DISABLE_1 7 RW ENVBB ENU ENV ENW
0x08 CONFIG_0 8 RW WD_SEL_1 WD_SEL_0 TRY_1 TRY_0 TIMER_3 TIMER_2 TIMER_1 TIMER_O
0x09 CONFIG_1 9 RW GD_UV_FLT | GD_EN_DLY GD_U_SEL FFn_SEL WIN_Timer_2 | WIN_Timer_1 | WIN_Timer_0 DITH_DIS
0x0A Q&A WATCHDOG 10 RW RND_5 RND_4 RND_3 RND_2 RND_1 RND_0
0x0B WATCHDOG_SECURE_KEY 1" WO Keycode entry (White only)
0x0C AMUXOUT 12 RW SEL_MUX_3 | SEL_MUX_2 | SEL_MUX_1 | SEL_MUX_0
0x0D VERIFY_RESULT_0 13 RW1C BIST_FAIL TSD_FAIL  |VREG_OV_FAIL|VREG_UV_FAIL|{ VUC_OV_FAIL | VUC_UV_FAIL | V5C_OV_FAIL | V5C_UV_FAIL
Ox0E VERIFY_RESULT_1 14 RW1C V5P1_OV_FAIL|V5P1_UV_FAIL |V5P2_OV_FAIL|V5P2_UV_FAIL
Register Types:

RO = Read-Only

RW = Read or Write

RW1C = Read or Write 1 to clear

WO = Write-Only
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ARG82801-1

0x00: STATUS REGISTER 0

15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1 0
5-bit Address 8-bit Data
Type NU
STATUS_0 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
FF POE_OK SE NPOR_S |[NPOR_OK| WDW_F |WDQTO_F| WDQA_F
0 0 0 0 0 RO P
0 0 0 0 0 0 0 0 0
Power-on enable signal matches what
FF Fault Flag POE_OK ARGB82801-1 is demanding
0 No Fault Default 0 Fault Default
1 Fault 1 No Fault
SE Serial Error Flag [1] NPOR_S Power-On Reset Internal Logic Status
0 No Fault Default 0 NPOR is Low Default
1 Fault 1 NPOR is High
NPOR Ok | NPOR Signal matches what device WDW_F Window Watchdog Fault Flag
is demanding
0 Fault Default 0 No Fault or Window Watchdog is Default
disabled
1 No Fault 1 Fault
WDQTO_F Q&A Watchdog Timeout Fault Flag WDQA_F Q&A Watchdog Answer Fault Flag
0 Q&A watchdog off or No fault Default 0 Q&A watchdog off or No fault Default
1 Q&A watchdog Timeout fault 1 Q&A watchdog Answer fault

[11 SE Fault: If more than sixteen rising edges on SCK are detected while STRn is LOW or if STRn goes HIGH and there are fewer than sixteen rising edges on SCK.

0x01: STATUS REGISTER 1

15 | 14 [ 13 [ 12 1 10 9 8 7 6 5 4 3 2 1 0
5-bit Address 8-bit Data
Type NU
STATUS_1 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
o 0 0 0 ) RO VCC_OK | VCP_OK |VREG_OK| VUC_OK | V56C_OK |V5P1_OK|V5P2_OK P
0 0 0 0 0 0 0 0 0
VCC_OK VCC Output Rail is OK VCP_OK Charge Pump Output Rail is OK
0 Fault (UV) Default 0 Fault (VCP1-UV, VCP1-OV or VCP2-UV) Default
1 No Fault 1 No Fault
VREG_OK VREG Output Rail is OK VUC_OK VUC Output Rail is OK
0 Fault (UV or OV) Default 0 Fault (UV or OV) Default
1 No Fault 1 No Fault
V5C_OK V5C Output Rail is OK V5P1_OK V5P1 Output Rail is OK
0 Fault (UV or OV) Default 0 Fault (UV or OV) Default
1 No Fault 1 No Fault
V5P2_OK V5P2 Output Rail is OK
0 Fault (UV or OV) Default
1 No Fault
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ARG82801-1

0x02: STATUS REGISTER 2

15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Type NU
Ad A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
STATUS 2
RO GSVBB_UV| GSU_UV | GSV_UV | GSW_UV POE_S |ENBAT_S
0 0 0 1 0 RW1C SVBB_UV| SU_UV
0 0 0 0 0 0 0 0 0
GSVBB_UV GVBB - SVBB Undervoltage Status GSU_uv GU - SU Undervoltage Status
OK (Undervoltage is NOT detected or OK (Undervoltage is NOT detected or
0 ENVBB=0) Default 0 ENU=0) Default
1 Undervoltage 1 Undervoltage
GSV_uv GV - SV Undervoltage Status GSW_uv GW - SW Undervoltage Status
OK (Undervoltage is NOT detected or OK (Undervoltage is NOT detected or
0 ENV=0) Default 0 ENW=0) Default
1 Undervoltage 1 Undervoltage
SVBB_UV SVBB - GND Undervoltage Status SU_uv SU - GND Undervoltage Status
. OK (Undervoltage is NOT detected or
0 OK (Undervoltage is NOT detected) Default 0 GD_U_SEL=0) Default
1 Undervoltage 1 Undervoltage (GD_U_SEL=1)
POE_S Power-On E";t:'tz's“‘e’“a' Logic ENBAT_S Battery Enable (ENBAT) Status
0 POE is Low Default 0 ENBAT is Low Default
1 POE is High 1 ENBAT is High
0x03: STATUS REGISTER 3
15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Type NU
STATUS_3 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
o o o ; ’ RO CLK_ST_H|CLK_ST_L| ENB_S DBE TSD_OK | LG_OK LX_OK D1_OK
0 0 0 0 0 0 0 0 0
CLK ST H Indicates the inte_mal clock is stuck CLK ST L Indicates the internal clock is stuck
- = high - = low
0 Internal Clock is not stuck high Default 0 Internal Clock is not stuck Low Default
1 Internal Clock is stuck high 1 Internal Clock is stuck Low
ENB_S Logic Enable (ENB) Status DBE EEPROM Dual Bit Error Flag [1]
0 ENB is low Default 0 No Fault Default
1 ENB is high 1 Fault
Thermal Shutdown Pre-Regulator Boost Gate Drive
TSD_OK (Overtemperature) Detection Flag LG_OK Output (LG) Status
0 Overtemperature is detected Default 0 Fault on LG is detected Default
1 OK (Overtemperature is NOT detected) 1 OK (LG is working correctly)
LX OK Pre-Regulator SW-Node (LX) Fault D1 OK Pre-Regulator Asynchronous Diode
- Detection Flag - (D1) Missing Detection Status
0 Fault on LX is detected Default 0 Fault (D1 missing is detected) Default
1 OK (LX is working correctly) 1 OK (D1 missing is NOT detected)

[ DBE Fault: it means that a dual bit error occurred loading the trim data from EEPROM.
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ARG82801-1

0x04: DIAG REGISTER 0

15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Type NU
DIAG_0 Ad A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
VDD_UV | VCC_UV | VCP_OV | VCP_UV |V5P2_0V | V5P2_UV
0 0 1 0 0 RW1C
0 0 0 0 0 0 0 0 0
VDD_UV VDD Output Undervoltage Detection vCcC_uv VCC Output Undervoltage Detection
0 OK (Undervoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Undervoltage is detected 1 Undervoltage is detected
VCP_OV VCP Output Overvoltage Detection VCP_UV VCP Output Undervoltage Detection
OK (VCP1 Overvoltage is NOT OK (VCP1 and VCP2 Undervoltage is
0 detected) Default 0 NOT detected) Default
1 VCP1 Overvoltage is detected 1 VCP1 or VCP2 Undervoltage is detected
V5P2_OV V5P2 Output Overvoltage Detection VR5P2_UV V5P2 Rail Over Undervoltage
Detection
0 OK (Overvoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Overvoltage is detected 1 Undervoltage is detected
0x05: DIAG REGISTER 1
15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Type NU
DIAG_1 Ad A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
VREG_OV |VREG_UV| VUC_OV | VUC_UV | V5C_OV | V5C_UV [V5P1_0OV | V5P1_UV
0 0 1 0 1 RW1C
0 0 0 0 0 0 0 0 0
VREG_OV VREG Output Overvoltage Detection VREG_UV VREG Output Undervoltage Detection
0 OK (Overvoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Overvoltage is detected 1 Undervoltage is detected
vuc_ov VUC Output Overvoltage Detection VUC_uv VUC Output Undervoltage Detection
0 OK (Overvoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Overvoltage is detected 1 Undervoltage is detected
V5C_OV V5C Output Overvoltage Detection V5C_UV V5C Output Undervoltage Detection
0 OK (Overvoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Overvoltage is detected 1 Undervoltage is detected
V5P1_0OV V5P1 Output Overvoltage Detection V5P1_UV V5P1 Output Undervoltage Detection
0 OK (Overvoltage is NOT detected) Default 0 OK (Undervoltage is NOT detected) Default
1 Overvoltage is detected 1 Undervoltage is detected
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0x06: OUTPUT ENABLE/DISABLE REGISTER 0

15 | 14 [ 13 | 12 | n 10 9 8 7 6 5 4 3 2 1 0
Output 5-bit Address T NU 8-bit Data
e
Enablel | aq A3 A2 Al A0 s D7 D6 D5 D4 D3 D2 D1 DO
V5P1_EN1|V5P2_EN1 V5P1_ENO|V5P2_ENO
REGISTER_0| 0 0 1 1 0 RW _ | ! - P
0 0 0 0 0 0 0 0 0
V5P1_EN1 V5P1_ENO Enable V5P1 V5P2_EN1 V5P2_ENO Enable V5P2
0 0 V5P1 is Disabled Default 0 0 V5P2 is Disabled Default
0 1 V5P1 is Disabled 0 1 V5P2 is Disabled
1 0 V5P1 is Disabled 1 0 V5P2 is Disabled
1 1 V5P1 is Enabled 1 1 V5P2 is Enabled
0x07: OUTPUT ENABLE/ DISABLE REGISTER 1
15 | 14 [ 13 | 12 | n 10 9 8 7 6 5 4 3 2 1 0
Output 5-bit Address T NU 8-bit Data
e
Enable/ |74 A3 A2 Al AO i D7 D6 D5 D4 D3 D2 D1 DO
Disable
REGISTER_1 ENVBB ENU ENV ENW
- 0 0 1 1 1 RW P
0 0 0 0 0 0 0 0 0
ENVBB Enable GVBB-Gate driver ENU Enable GU-Gate driver
0 Disabled Default 0 Disabled Default
1 Enabled 1 Enabled
ENV Enable GV-Gate driver ENW Enable GW-Gate driver
0 Disabled Default 0 Disabled Default
1 Enabled 1 Enabled
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0x08: CONFIGURATION REGISTER 0

11 Typical number at the internal clock is center value, need to keep enough margin for 5% tolerance of the clock.

15 | 14 [ 13 | 12 | n 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Type NU
CONFIG_0 Ad A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
D_SEL_1WD_SEL_0| TRY_1 TRY_O | TIMER_3 | TIMER_2 | TIMER_1 | TIMER_0O
0 1 0 0 0 RW
0 0 0 0 0 0 0 0 0
WD_SEL_1 WD_SEL_0 Watchdog
0 0 Default (WD waiting for config) Default
0 1 Window watchdog only
1 0 Q&A watchdog only
1 1 Both (Window and Q&A)
TRY_1 TRY_O Acceptable Number of Mis-Refresh
0 0 0 Default
0 1 1 time
1 0 3 times
1 1 7 times
Timer3 Timer2 Timer1 Timer0 Min. Timeout [1] Max. Timeout [1]
0 0 0 0 0.5ms 1ms Default
0 0 0 1 1ms 2ms
0 0 1 0 2ms 4 ms
0 0 1 1 4 ms 8 ms
0 1 0 0 8 ms 16 ms
0 1 0 1 12 ms 24 ms
0 1 1 0 16 ms 32 ms
0 1 1 1 24 ms 48 ms
1 0 0 0 32ms 64 ms
1 0 0 1 40 ms 80 ms
1 0 1 0 64 ms 128 ms
1 0 1 1 72 ms 144 ms
1 1 0 0 80 ms 160 ms
1 1 0 1 96 ms 192 ms
1 1 1 0 128 ms 256 ms
1 1 1 1 144 ms 288 ms
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0x09: CONFIGURATION REGISTER 1

15 | 14 [ 13 | 12 | n 10 9 8 7 6 5 4 3 2 1 0
5-bit Address 8-bit Data
Type NU
CONFIG_1| A4 A3 A2 A A0 D7 D6 D5 D4 D3 D2 D1 DO
GD_UV_FLT|GD_EN_DLY| GD_U_SEL | FFn_SEL [WIN_Timer_2[WIN_Timer_1[WIN_Timer_0| DITH_DIS
0 1 0 0 1 RW P
0 0 0 0 0 0 0 0 0

Bit D7, D6, GD_U_SEL: Select Gate Drive UV filter and enable/disable delay
GD_UV_FLT GD_EN_DLY Undervoltage Detection Enable Delay
Delay Time

0 0 Slow Slow

1 X Fast -

X 1 - Fast

Select Gate Drive GU/SU Node Function
GD_U_SEL i i
_U_ ENU Gate Driver Enable/Disable SU-UV Note
Delay (typ)
0 10 ms Disabled GU/SU is used for phase isolator Default
1 1.5ms Enabled GU/SU is used for VBAT disconnect
FFn_SEL Signal on FFn Pin
0 Fault-Low Default
1 50 Hz (Nominal) clock signal output; independent from fault flag
WIN_Timer_2 WIN_Timer_1 WIN_Timer_0 Window Watchdog Error Timeout (Min.) [l | Window Watchdog Error Timeout (Max.) [']
0 0 0 0.5ms 4 ms Default
0 0 1 1ms 8 ms
0 1 0 2ms 16 ms
0 1 1 4 ms 32ms
1 0 0 6 ms 42 ms
1 0 1 8 ms 64 ms
1 1 0 10 ms 80 ms
1 1 1 125 ms 100 ms
1] Typical number at the internal clock is center value, need to keep enough margin for +5% tolerance of the clock.
DITH_DIS Disable Dithering Function
0 Dithering is enabled Default
1 Dithering is disabled
0x0A: Q& A WATCHDOG REGISTER
[ 5 [ 1 [ 13 | 22 [ n [ 0o | o [ 8 | 7 | & [ 5 | 4« | 3 [ 2 | 1 | o |
RND 5 | RND 4 | RND_3 | RND_2 | RND_1 | RND_0
Q&A WD 0 1 0 1 0 RwW P
0 0 0 0 0 0 0 0 0
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0x0B: WATCHDOG SECURE KEY REGISTER

[ 5 | 14 | 13 | 22 [ n [ 90 [ o [ 8 [ 7 [ 6 | 5 | a4 | 3 | 2 | 1 [ o]
WD KEY 7 | KEY.6 | KEY 5 | KEY.4 | KEY 3 | KEY. 2 | KEY 1 | KEY 0
SECURE | 0 1 0 1 1 e P
KEY 0 0 0 0 0 0 0 0 0

Three 8-bit words must be sent in the correct order to enable flash mode, config mode, Watchdog restart, or disable the watchdog for debugging purpose. If an
incorrect word is received, then the register resets and the first word has to be resent.

Flash Mode Config Mode Watchdog Restart Watchdog Disable
WORD1 0xD3 0xD3 0xD3 0xD3
WORD2 0x33 0x33 0x33 0x33
WORD3 0xCC 0xCD 0xCE O0xCF

0x0C: ANALOG MUX OUTPUT REGISTER

[ 5 [ 1 [ 13 | 12 [ n [ 0o | o [ 8 | 7 | & [ 5 | 4« | 3 [ 2 | 1 | o |
amuxoutl o ) ) . . W SEL MUX 3]SEL MUX 2[SEL MUX 1[SEL MUX O]
0 0 0 0 0 0 0 0 0
SEL_MUX_3 | SEL_MUX_2 | SEL_MUX_1 | SEL_MUX_0 MUX Output (Signal Divided Ratio)

0 0 0 0 VREG (1/2) Default

0 0 0 1 VUC (1/2)

0 0 1 0 V5C (1/2)

0 0 1 1 V5P1 (1/2)

0 1 0 0 V5P2 (1/2)

0 1 0 1 ENBAT (1/8)

0 1 1 0 BG1 (11)

0 1 1 1 BG2 (11)

1 0 0 0 TEMP (n/a)

Output (MV) = 1440 mV - 3.92 mV/°C x T, (°C)

1 0 0 1 VIN (1/10)

1 0 1 0 VCP1 (1/12)

1 0 1 1 VCP2 (1/12)
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0x0D: VERIFY REGISTER 0

15 | 14 | 13 [ 12 1 10 9 8 7 6 5 4 3 2 1
5-bit Address 8-bit Data
Ad A3 A2 A1 A0 Type NU D7 D6 D5 D4 D3 D2 D1 DO
VERIFY_0
VREG_OV_ | VREG_UV_| VUC_OV_ | VUC_UV_ | V5C_OV_ | V5C_UV_
0 1 1 0 1 RW1C BISTFAL | TSD_FAL FAIL FAIL FAIL FAIL FAIL FAIL
0 0 0 0 0 0 0 0 0
BIST_FAIL Built-In Self-Test Result Flag TSD_FAIL Thermal Sh“'d°;'|’:gse'f'Tes' Result
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed
VREG_OV_FAIL VREG Overvoltage Self-Test Result VREG_UV_FAIL VREG Undervoltage Self-Test Result
Flag Flag
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed
VUC_OV_FAIL VUC Overvoltage Self-Test Result VUC_UV_FAIL VUC Undervoltage Self-Test Result
Flag Flag
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed
V5C_OV_FAIL V5C Overvoltage Self-Test Result VEC_UV_FAIL V5C Undervoltage Self-Test Result
Flag Flag
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed
0xOE: VERIFY REGISTER 1
[ 15 [ 14 | 13 | 12 [ n 0 | 9 s | 7 | e [ 5 | a4 | 3 R |
V5P1_OV_ | V5P1_UV_ | V5P2_OV_ | V5P2_UV_
VERIFY 1 0 1 1 1 0 RW1C FAIL FAIL FAIL FAIL
0 0 0 0 0 0 0 0 0
V5P1_OV_FAIL V5P1 Overvoltage Self-Test Result V5P1_UV_FAIL V5P1 Undervoltage Self-Test Result
Flag Flag
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed
V5P2_OV_FAIL V5P2 Overvoltage Self-Test Result V5P2_UV_FAIL V5P2 Undervoltage Self-Test Result
Flag Flag
0 Self-test passed Default 0 Self-test passed Default
1 Self-test failed 1 Self-test failed

ALLEGRO

microsystems

Allegro MicroSystems

955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.

www.allegromicro.com

37



ARG82801-1

Fully Integrated PMIC for Safety-Related Systems

with Buck or Buck-Boost Pre-Regulator,
4x Linear Regulators, 4x Gate Drivers, and SPI

DESIGN AND COMPONENT SELECTION

The following section briefly describes the component selection
procedure for the ARG82801-1.

Setting up the Pre-Regulator

This section discusses the component selection for the
ARG82801-1 pre-regulator. It covers the charge pump circuit,
inductor, diodes, boost MOSFET, and input and output capaci-
tors. It will also cover loop compensation.

Charge Pump Capacitors

The charge pump circuits require two capacitors: VCP1, a 2.2 pF
connected from pin VCP1 to VIN and 1 pF connected between
pins CP1C1 and CP1C2; and VCP2, a 1 pF connected from pin
VCP2 to VCP1 and 0.22 pF connected between pins CP2C1 and
CP2C2. These capacitors should be high-quality ceramic capaci-
tors, such as an X5R or X7R, with a voltage rating of at least 16 V.

PWM Switching Frequency

The switching frequency of the ARG82801-1 is fixed at 2.2 MHz
nominal. The ARG82801-1 includes a frequency foldback
scheme that starts when Vyy is greater than 18 V. Between 18 V
and 36V, the switching frequency will foldback from 2.2 MHz
typical to 1 MHz typical. The switching frequency for a given
input voltage above 18 V and below 36 V is:

1.2

f;‘W =34 W X VVIN (MHZ) (])

\

) \

\

22

1.4

1.2

Typical Switching Frequency (MHz)

\

0 5 10 15 20 25 30 35 40
Input Voltage (V)

Figure 7: Typical Switching Frequency
versus Input Voltage

Pre-Regulator Output Inductor

For peak current-mode control, it is well known that the system
will become unstable when the duty cycle is above 50% without
adequate Slope Compensation (Sg). However, the slope com-
pensation in the ARG82801-1 is a fixed value. Therefore, it is
important to calculate an inductor value so the falling slope of
the inductor current (Sg) will work well with the ARG82801-1’s
slope compensation.

Equation 2 can be used to calculate a range of values for the
output inductor for the buck-boost. In equation 2, slope compen-
sation can be found in the Electrical Characteristic table, Vp is the
asynchronous diode’s forward voltage, Sg is in A/us, and L will
be in pH:

(Viree + Vi) 2 X (Vigeg + Vi)
- 2 < L < - - @
S, sL= S, 2)

If equation 2 yields an inductor value that is not a standard value,
then the next closest available value should be used. The final
inductor value should allow for 10%-20% of initial tolerance and
20%-30% for inductor saturation.

Due to topology and frequency switching of the ARG82801-1
pre-regulator, the inductor ripple current varies with input voltage
per Figure 8 below:

2
1.8 i
ol
1.4 \
1.2
1 \
0.8
0.6
0.4
0.2

0

Inductor Peak Current (A)

0 5 10 15 20 25 30 35 40
Input Voltage (V)

Figure 8: Typical Peak Inductor Current versus Input
Voltage for 0.8 A Output Current and 10 pH Inductor
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The inductor should not saturate given the peak operating current
during overload. Equation 3 calculates this current. In equation 3,
Vymnax) is the maximum continuous input voltage, such as

16 V, and Vg is the asynchronous diode’s forward voltage.

Sy % (Vigeo + Vi)
Lppax = ILIM(Ion,min)max - £ e e 3)

0.9 X fo x ( VVIN(MAX) + V)

After an inductor is chosen, it should be tested during output
overload and short-circuit conditions. The inductor current should
be monitored using a current probe. A good design should ensure
the inductor or the regulator are not damaged when the output

is shorted to ground at maximum input voltage and the highest
expected ambient temperature.

Inductor ripple current can be calculated using equation 4 for
buck mode, and equation 5 for buck-boost mode.

(Viv—="Virec) * Vireo
Al = (4)
Jow X L X Vi

Vv % Dgoosr
A[L(B/B) = W (5)

Pre-Regulator Output Capacitors

The output capacitors filter the output voltage to provide an
acceptable level of ripple voltage. They also store energy to help
maintain voltage regulation during a load transient. The voltage
rating of the output capacitors must support the output voltage
with sufficient design margin.

The output voltage ripple (AVygrgg ) is a function of the output
capacitors parameters: Cq, ESR¢g, ESLc(.

AVyrpe= AL, X ESRco +

(6)
Vi =V,
v~ Vireg ESLey +
L
AL
8 X fow X Co

The type of output capacitors will determine which terms of
equation 6 are dominant. For ceramic output capacitors, the
ESR¢q and ESL(q are virtually zero, so the output voltage ripple
will be dominated by the third term of equation 6.

Mo = o e )

To reduce the voltage ripple of a design using ceramic output
capacitors, simply increase the total capacitance, reduce the
inductor current ripple (i.e. increase the inductor value), or
increase the switching frequency.

The transient response of the regulator depends on the number
and type of output capacitors. In general, minimizing the ESR of
the output capacitance will result in a better transient response.
The ESR can be minimized by simply adding more capacitors in
parallel or by using higher quality capacitors. At the instant of a
fast load transient (di/dt), the output voltage will change by the
amount:

di
AVypeg = Alyoup X ESRco + % X ESLco S)

After the load transient occurs, the output voltage will deviate
from its nominal value for a short time. This time will depend
on the system bandwidth, the output inductor value, and output
capacitance. Eventually, the error amplifier will bring the output
voltage back to its nominal value.

The speed at which the error amplifier will bring the output volt-
age back to its setpoint will depend mainly on the closed-loop
bandwidth of the system. A higher bandwidth usually results in a
shorter time to return to the nominal voltage. However, a higher
bandwidth system may be more difficult to obtain acceptable gain
and phase margins. Selection of the compensation components
(Rz, C4, Cp) are discussed in more detail in the Compensation
Components section of this datasheet.

Ceramic Input Capacitors

The ceramic input capacitor(s) must limit the voltage ripple at the
VIN pin to a relatively low voltage during maximum load. Equa-
tion 8 can be used to calculate the minimum input capacitance,

C > IVREG(MAX)X 025 (9)
7090 x £, x 50 mV

where Iyrpgmax) is the maximum current from the pre-regulator,

I VREG(MAX) — Lingar + Loy + 20 mA

(10)

where I} ;npar 1S the sum of all the internal linear regulators
output currents, I,y is any extra current drawn from the VREG
output to power other devices external to the ARG82801-1.

A good design should consider the DC bias effect on a ceramic
capacitor—as the applied voltage approaches the rated value, the
capacitance value decreases. The X5R and X7R type capacitors
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should be the primary choices due to their stability versus both
DC bias and temperature. For all ceramic capacitors, the DC bias
effect is even more pronounced on smaller case sizes, so a good
design will use the largest affordable case size.

Also for improved noise performance, it is recommended to add
smaller sized capacitors close to the input pin and the D1 anode.
Use a 0.1 uF 0603 capacitor or less.

Buck-Boost Asynchronous Diode (D1)

The highest peak current in the asynchronous diode (D1) occurs
during overload and is limited by the ARG82801-1. Equation 3
can be used to calculate this current.

The highest average current in the asynchronous diode occurs
when Vyqy is at its maximum, Dggogt = 0%, and Dgycx = mini-
mum (10%),

Livg = 0.9 X Lpecoux (11)

where Iyrpgmax) 18 calculated using equation 10.

Boost MOSFET (Q1)

The RMS current in the boost MOSFET (Q1) occurs when Vyy
is at its minimum and both the buck and boost operate at their
maximum duty cycles (approximately 64% and 58%, respec-
tively),

Al ° AL’
0I(RMS) VDBOOST X[(IPEAK - %/9 + %’W)] (]2)

1

where Al /g and Ipgak are derived using equations 3 and 5,
respectively.

Boost Diode (D2)

In buck mode, this diode will simply conduct the output current.
However, in buck-boost mode, the peak currents in this diode
may increase a lot. The ARG82801-1 limits the peak current to
the value calculated using equation 3. The average current is
simply the output current.

Pre-Regulator Compensation Components
(Rz, Cz, Cp)

Although the ARG82801-1 can operate in buck-boost mode at
low input voltages, it still can be considered a buck converter

when looking at the control loop. The following equations can be
used to calculate the compensation components.

First, select the target crossover frequency for the final system.

While switching at over 2 MHz, the crossover is governed by

the required phase margin. Since a type Il compensation scheme
is used, the system is limited to the amount of phase that can be
added. Hence, a crossover frequency, f, in the region of 55 kHz
is selected. The total system phase will drop off at higher cross-
over frequencies. The R, selection is based on the gain required
at the crossover frequency and can be calculated by the following
simplified equation:

_13.36><7r><fc><C0
T gMpower X gMy

z

(13)

where f¢ is in kHz, Cq (actual capacitance at 5.35 V DC bias) is
in pF, and Ry will be in kQ. The gmpawrr (in A/V) and gmg, (in
pLA/V) can be found in the Electrical Characteristic table.

The series capacitor, C,, along with the resistor, Ry, set the
location of the compensation zero. This zero should be placed
no lower than % the crossover frequency and should be kept to a
minimum value. Equation 14 can be used to estimate this capaci-
tor value.

4

€27 <R,

(14)

where ¢ is in kHz, Ry is in kQ, and C; will be in pF.

Determine if the second compensation capacitor (Cp) is required.
It is required if the ESR zero of the output capacitor is located at
less than half of the switching frequency or the following rela-
tionship is valid:

1 Jow
27 %xCy < ESRey 2 (13)

If this is the case, then add the second compensation capacitor
(Cp) to set the pole at the location of the ESR zero. Determine the
Cp value by the equation:

_ Cour X ESRco

&=="% (16)

where Cg is in puF, ESRq is in m, Ry is in kQ, and C will be
in pF.

An Excel-based design tool is available from Allegro that accepts
customer specifications and recommended values for both power
and compensation components. The pre-regulator bode plot in
Figure 9 was generated with this tool. The bandwidth of this sys-
tem (f-) is 56 kHz, the phase margin (PM) is 67 degrees, and the
gain margin (GM) is 21 dB.
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Pre-Regulator Bode Plot
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Figure 9: Bode Plot for Pre-Regulator
Rz =18.2 kQ, C; = 3.3 nF, Cp =47 pF
Lo =4.7 pH, Co = 3 x 10 pF (16V/X7R/1206) MLCC

Linear Regulators

The four linear regulators only require a single ceramic capacitor
located near ARG82801-1 terminals to ensure stable operation.
The range of acceptable values is shown in the Electrical Charac-
teristics table. A 2.2 uF capacitor per regulator is recommended.

Also, since the V5P1 and V5P2 are used to power remote cir-
cuitry, their load may include external wiring. The inductance
of this wiring may cause LC-type ringing and negative spikes
on the V5P1 (V5P2) pin if a “fast” short-to-ground occurs. It

is recommended a small Schottky diode be placed close to the
V5P1 (V5P2) pin to clamp this negative spike. The MSS1P5 (or
equivalent) is a good choice.

Internal Bias (VCC)

The internal bias voltage should be decoupled at the VCC pin
using a 1 pF ceramic capacitor. It is not recommended to use this
pin as a source.

Signal Pins (NPOR, FFn, POE)

The ARGS82801-1 has many signal-level pins. The NPOR, FFn,
and ENBAT are open-drain outputs and require external pull-up
resistors. Allegro recommends sizing the external pull-up resis-
tors so each pin will sink less than 2 mA when it is a logic low.
The POE signal is push-pull output and does not require external
pull-up resistor.
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PCB LAYOUT RECOMMENDATIONS

The input ceramic capacitors must be located as close as possible
to the VIN pins. In general, the smaller capacitors (0402, 0603)
must be placed very close to the VIN pin. The larger capacitors
should be placed within 0.5 inches of the VIN pin. There must
not be any vias between the input capacitors and the VIN pins.

The pre-regulator asynchronous diode (D1), input ceramic
capacitors, and RC snubber must be routed on one layer and
“star” grounded at a single location with multiple vias.

The pre-regulator output inductor (L1) should be located close to
the LX pins. The LX trace widths (to L1, D1) should be relatively
wide and preferably on the same layer as the IC.

The pre-regulators output ceramic capacitors should be located
near the VREG pin. There must be 1 or 2 smaller ceramic capaci-
tors as close as possible to the VREG pin.

The four charge pump capacitors must be placed as close as pos-

sible to VCP1, CP1C1/CP1C2 and VCP2, CP2C1/ CP2C2.

The ceramic capacitors for the LDOs (VUC, V5C, V5P1, and
V5P2) must be placed near their output pins. The V5P1 and V5P2
outputs must have a 1 A/40 V Schottky diode located very close
to their pins to limit negative voltages.

The VCC bypass capacitor must be placed very close to the VCC
pin.

The COMP network of pre-regulators (R, C,, and Cp) must be
located very close to the COMP pin.

The thermal pad under the ARG82801-1 must connect to the
ground plane(s) with multiple vias.

The boost MOSFET (Q1) and the boost diode (D2) must be
placed very close to each other. Q1 should have thermal vias to a
polygon on the bottom layer. Also, there should be “local” bypass
capacitors from D2 cathode to Q1 source.
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PACKAGE OUTLINE DRAWING

For Reference Only — Not for Tooling Use
(Reference Allegro DWG-0000379, Rev. 3 and JEDEC MO-153 BDT-1)
Dimensions in millimeters
NOT TO SCALE
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

IR AR S

--—-4 3.00+0.10 4.400.10 6.40+0.20 —+ Mt

o l 4

EEELIIHEEEEELL ,,

L ¥

1.00 REF

0.60 +0.15

oD tace 4 v g ::OQSE:‘I?IEG PLANE
i {0.90:0.05 1.20*MAX SEATING I‘\GAUGE PLANE
L o PLANE
ARARARARARAAAARAAAR
CEEEEEEEEEEEEEERELL
200 600 /O\ Standard Branding Reference View

Line 1, 2, 3 = 13 Characters

Line 1: Part Number
Line 2: Logo A, 4 digit Date Code

Line 3: Assembly Lot Number
| i - Y
A Terminal #1 mark area
|

Exposed thermal pad (bottom surface)

A Reference land pattern layout (reference IPC7351 SOP50P640X120-39M);
All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary

A EQB_LalQuI_Rﬂf_e_Le_D_C_eJLIEW to meet application process requirements and PCB layout tolerances; when

mounting on a multilayer PCB, thermal vias at the exposed thermal pad land
can improve thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)

@ Branding scale and appearance at supplier discretion
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Figure 10: Package LV, 38-Pin eTSSOP
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Revision History
Number Date Description

— December 4, 2018 Initial release

1 December 18, 2019 | Minor editorial updates

January 6, 2022 Updated package drawing (page 43)

January 16, 2023 Updated registers to current standard (uppercase) (pages 29-37)
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