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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

FEATURES AND BENEFITS

A2-SIL™ compliant—device features for safety-critical
systems

* Automotive AEC-Q100 qualified

» Wide input voltage range, 3.8 to 40 V operating range,
50 Vi maximum

* Buck or buck/boost pre-regulator (VREG)

* Adjustable 1.25 to 3.3 V synchronous buck

* Frequency dithering and controlled slew rate helps
reduce EMI/EMC

* Four internal linear regulators with foldback short-circuit
protection, 3.3 V (3V3) and three 5 V (V5CAN, V5A,
and V5B)

e One internal 5 V linear regulator (V5P) with foldback
short-circuit and short-to-supply protection

» Power-on reset signal indicating a fault on the synchronous
buck, 3V3 or V5A regulator outputs (NPOR)

*  Window watchdog timer with fail-safe features

* Dual bandgaps for increased safety coverage and fault
detection, BGVREF, BGFAULT

* Control and diagnostic reporting through a serial
peripheral interface (SPI)

» Logic enable input (ENB) for microprocessor control

* Ignition enable input (ENBAT) with status indicator output

* OV and UV protection for all output rails

* Pin-to-pin and pin-to-ground tolerant at every pin

APPLICATIONS

Provides system power (for microcontroller/DSP, CAN,
sensors, etc.) in:

* Industrial applications

* Electronic power steering (EPS)

* Advanced braking systems (ABS)

* Transmission control units (TCU)

* Emissions control modules

* Other automotive applications

PACKAGE

38-Pin eTSSOP

DESCRIPTION

The ARGS81400 is rated up to 50 V input and provides six
total outputs. There are five LDOs and a post regulated DC/
DC switcher to power MCUs, as well as a watchdog and SPI.
Designed for high-temperature operation, the ARG81400 is
ideal for automotive and industrial applications.

The device uses a buck or buck/boost pre-regulator to efficiently
feed five linear regulators— 3.3 V /90 mA, 5 V /200 mA,
5V/30mA, 5 V/55mA, and 5 V /100 mA (short-to-supply
protected)—and anadjustable output, 600 mA synchronous buck.

Enable inputs to the ARG81400 include a logic level (ENB)
and a high-voltage (ENBAT). The ARG81400 also provides
flexibility with disable function of the individual 5 V rails
through a serial peripheral interface (SPI).

Diagnostic outputs from the ARG81400 include a power-on-
reset output (NPOR), an ENBAT status output, and a fault flag
output 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.

The ARG81400 contains a Window Watchdog timer with a
programmable detect period 0250, 500, 1000, or 2000 ps. The
watchdog timer enters an active state after NPOR transitions
high and the processor has exercised the WD Test routine. The
watchdog can be put into flash mode or be reset via secure
SPI commands.

Protection features include undervoltage and overvoltage on
all output rails. In case of a shorted output, all linear regulators
feature foldback overcurrent protection. In addition, the V5P
outputis protected from a short-to-supply event. Both switching
regulators include pulse-by-pulse current limit, hiccup mode
short-circuit protection, LX short-circuit protection, missing
asynchronous diode protection (VREG only), and thermal
shutdown.

The ARG81400 is supplied in alow-profile (1.2 mm maximum

ffix LV . .
(suffix LV) height) 38-lead eTSSOP package (suffix “LV”’) with exposed
ower pad.
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

SELECTION GUIDE
Part Number Temperature Range Package Packing [1] Lead Frame
ARG81400KLVATR —40 to 150°C 38-pin eTSSOP w/ thermal pad | 4000 pieces per 7-in reel 100% matte tin

[1] Contact Allegro for additional packing options.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS [2]

Characteristic Symbol Notes Rating Unit

VIN Vuin -0.3 to 50 \

v With current limiting resistor [3] -13 to 50 \Y

ENBAT ENBAT -031t08 v
leNBAT 175 mA

-0.3to Vyy +0.3 \

LX1 Vix1 t<250 ns -1.5 \

t<50ns Vynt3V \Y

VCP, CP1, CP2 Vvep Ve, ~0.3 10 60 v

Vepa

V5P Vysp Independent of Vy,y -11t0 50 \Y

All other pins -0.3to7 V
Junction Temperature T, -40 to 165 °C
Storage Temperature Range Tstg -40 to 150 °C

12] 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 50 V) are measured at node “A” in the following circuit configuration:

Node “A”

ARG81400

THERMAL CHARACTERISTICS: May require derating at maximum conditions; see application information
Characteristic Symbol Test Conditions [4] Value | Unit

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

[4] Additional thermal information available on the Allegro website.
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI
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ARG81400

Synchronous Buck

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,

, 5x LDO Outputs, Watchdog, and SPI

FUNCTIONAL BLOCK DIAGRAM

Bias LDO .
SU/SD
veP BUCK-BOOST PREREGULATOR
VIN
——>vee o
VREF Charge VP
VREG CLK,yy—p| PUMP i
l \
BGyer ——»  BUCK-BOOST
1 4 BGeur —>{VEPOVIWVL |\ on oy " Control
ECC = FAULT 0o VDD Detect VREG ON —3|
c | ch = veruv MPOR —»|COMP1 & SS1 Reset
. arge Fump VCP UV —>»{STOP PWM
Oscillator
BG1_UV CLK @ fosc—>] -
@ COMP1
VDD —>{ oscillator [ CLK @ fosc Vb BG1 BG. [
vrer
and >
DITH DIs—>| Clocks CLKa BGraur VSS1rsr | ?
- —» WDosc BG2 VREG
BG2_UV
BUCK REGULATOR
ENABLE and STARTUP TIMING VREG 3
DE- FALLING
GLITCH DELAY 3D
tdeur tdhoo.orr Surs VSS2mer €] Lle
ON/OFF CLK @ fosc—» SYNC.
BUCK =
_E BUCK_ON > Controller < OV/uv
L ENB_EN BGyrer —>] (w/ Hiccup Mode) < FB
MPOR
MPOR—>] < COMP2
ENB BUCK_ON COMP2 & SS2 Reset
Regulator 3v3 ON € SS2
60 kQ SU/SD —»| Sequencer | | h5¢ oN
1 TSD’ V5P Regulator
[V to-
OV/UV Detect Sport 1o
» VCORE_OK FOLDBACK ’
VCP Protection
OVUV |je——TSD MASTER IC POR
DETECT& | — s (MPOR) VREG ———
DELAYS - [ BG. —— 3| 5V Linear
e GLITCH fe—FB [« BeILW Regulator VP
le td le— V5A le——BG2_uv _| :D_
ol le———vcc_uv LDOs_ON
RST j¢———— ON/OFF le———vecP_uv
le———————— CLK iz MASTER [ VREG OV V5A Regulator
le———BG le———*vcP_ov
REF FauL X
e veo | MPOR<— (I’\o/| ;gs) e Dlymne veP FOLDBACK
le—| le— vCP |[€—*Buck_OV l
ke . 2E° le—VREG —— e VREG —)
GLITCH VSS1 BGyrer ———| 5V Linear VoA ]
[ td |€— V5B RST — Regulat 5A
le] 9 le— vscan V/SS2gst V5A_DIS egulator
le— le— V5P lJe———TsD BUCK_ON
L < V5Poise * indicates a latched fault V5B Regulator
DIAG D1
D E— Y[V VDD FOLDBACK
fe——————— "l ver———
WD_F
N SPl  le—vReG_UV UREG s
_| BG. —_— inear
V5A_DIS<*—| le—v5A_UV = Regulator V5B ]
V5B_DIS<—| V5B_DIS 9
V5P_DIS<—] [vsB LV LDOs_ON D
WINDOW WATCHDOG V5OAN DIS<—] tx;&l’{yuv -
VDD DITH_DIS<—| le—avs Uy V5CAN Regulator
—> WD_STATE MAX_TIMER <— l¢—Buck_uv vep FOLDBACK
|€——MAX_TIMER MIN_TIMER <— - ¥
R  |[€——MIN_TIMER  VALID_COUNT <—| ::VREG_OV VREG
»| WD Monitor |¢——VALID_COUNT ~ WD_FLASH <— V5A_OV BG >l 5\ Linear
|€——WD_FLASH ~ WD_RESTART < «vsBov. ___ BGuer > V5CAN
le—V5P OV V5CAN DIS Regulator
|€——WD_RESTART WD_F —>| DI D
» V5CAN_DIS vee_Uv—> le—3v3_ov - 3V3 Requlat
WDosc l¢—Buck_ov F%%‘D‘Bic?(r
ENB_EN e Uv— “—VREG_OCP vep
— Y )é?FLOV:: le—v5A_OCP
MisSING le—\v5p" VREG —]
VCORE_OK *lum ] eng_ggi BGyrer —{ 3.3 V Linear 3@
T xe ™ le—V5CAN OCP Regulator
_ 3V3_ON —>
STRn > l—3v3_ocP -
SDI > l«—FB_OCP
SDO |« le—TSD
SCK > le— ENBATS
L

ALLEGRO

microsystems

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

TYPICAL SCHEMATICS
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI
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Functional Block Diagram Modifications for Buck Only Mode
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Functional Block Diagram Using a PMOS FET for Reverse-Battery Protection Instead of a Series Schottky Diode (D))
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Functional Block Diagram Using an NMOS FET for Reverse-Battery Protection Instead of a Series Schottky Diode (D))
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

Terminal List Table

Number Name Function
VCP [I E] CP2 1 VCP Charge pump reservoir capacitor
VIN [2] [37] cP1 2,3 VIN Input voltage pins
VIN [3] [36] Lx1 4 AGND | Analog ground pin
AGND [4] - ___ \ [35] Lx1 5 ENBAT | Ignition enable input from the key/switch via a series resistor
ENBAT [5 ] i : [34] PGND 6 VCC Internal voltage regulator bypass capacitor pin
Vele [E : : E LG 7 ENBATS | Open-drain ignition status output of ENBAT
ENBATS [z : : E LX2 8 SS1 Soft-start programming pin for the buck/boost pre-regulator
ss1 [&] : i [31] VREG 9 COMP1 | Error amplifier compensation network pin for the buck/boost pre-regulator
COMP1 [E : : E V5can 10 DIAG Diagnostic pin to aid dgbug. A pulsfe tr_ain whose frequency depends on
! | the fault that occurred is sent to this pin. See fault table.
piAG [10] | PaD ¢ [29] 3v3 - :
" | 1 SDI SPI data input from the microcontroller
sor 11 | | 2] vsB 12 SDO SPI data output to the microcontroller
Sbo [E : : Z] VoA 13 STRn Chip select input from the microcontroller
STRn [E : i E vsP 14 SCK Clock input from the microcontroller
sck [14] | ! [25] comp2 15 NPOR | Active LOW, open-drain regulator fault detection output
NPOR [15] : ! [24] oviuv 16 WD_IN | Watchdog pulse train input from a microcontroller or DSP
WD_IN [16] m--mm- - 23] FB 17 ENB Logic enable input from a microcontroller or DSP
ENB [17] [22] ss2 18 DGND | Digital ground pin
DGND [E Z] FFn 19 POE Gate drive enable signal, goes low if a watchdog fault is detected or
POE [ig] [30] nERROR nERROR is low
20 nERROR | System fault input. This fault is ANDed with the watchdog fault to create
. the POE signal
PaCkag? LV, 38_-Pm eTSSOP 21 FFn Active-low open-drain fault flag, alerts the microprocessor of a fault within
Pinout Diagram the regulator
22 SS2 Soft-start programming pin for the adjustable synchronous buck regulator
23 FB Feedback pin with 1.25 V reference for synchronous buck regulator
24 OV/UV | Input to synchronous overvoltage and undervoltage sense circuit
25 COMP2 | Error amplifier compensation network pin for the adjustable synchronous
buck regulator
26 V5P 5 V/100 mA protected regulator output
27 V5A 5 V/55 mA regulator output
28 V5B 5V/30 mA regulator output
29 3V3 3.3 V/180 mA regulator output
30 5Vean 5 V/200 mA regulator output for communications
31 VREG Output of the pre-regulator and input to the linear regulators and
synchronous buck
32 LX2 Switching node for the adjustable synchronous buck regulator
33 LG Boost gate drive output for the buck/boost pre-regulator
34 PGND Power ground for the adjustable synchronous regulator/gate driver
35,36 LX1 Switching node for the buck/boost pre-regulator
37 CP1 Charge pump capacitor connection
38 CP2 Charge pump capacitor connection

- PAD Connect to ground
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — GENERAL SPECIFICATIONS ['I: valid at 3.8 V41 < VIN< 36 V,
—40°C = T, = T; = 150°C, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
GENERAL SPECIFICATIONS
After VV|N > VINSTART’ and VENB >2Vor
. Vengat > 3.5V, buck-boost mode 3.8 135 40 v
Operating Input Voltage Vyin
After Vyn > VINgarT and Vgng > 2V oor 55 135 40 v
Vengar > 3.5V, buck mode ’ '
VIN UVLO START Voltage VINgTarT | Vvin Fising 4.55 4.8 5.05 \
Vyn falling, V, >23.8Vor
VIN UVLO STOP Voltage VIN VIN ’ ENBAT 3.25 35 3.75 \
9 STOP | \eyg 22V, Vygeg = 5.2V
VIN UVLO Hysteresis VINhys | VINgTaRT — VINSTOP - 1.3 - \Y
| Vyin = 135V, Vengar 2 3.8 Vor 3 13 3 mA
. Q Veng 2 2.0V, Vyreg = 5.6 V (no PWM)
Supply Quiescent Current [1]
| Vyin = 13.5V, Vgngar £ 2.2V and _ _ 10 A
Q,SLEEP VENB <08V M
PWM SWITCHING FREQUENCY AND DITHERING
Switching Frequency fosc Dithering disabled 3.8 V41 < V<18 V 2 2.2 24 MHz
Frequency Dithering Afgsc | As a percent of foge - 10 - %
VINps.on | VIN rising 8.5 9 9.5 \
Dither/Slew START Threshold :
VIN falling - 17 - \Y
VIN VIN fallin 7.8 8.3 8.8 \Y
Dither/Slew STOP Threshold DS.OFF 9
VIN rising - 18 - \%
VIN Dithering/Slew Hysteresis - 700 - mV
CHARGE PUMP (VCP)
Vyep — Vuins Vyin 2 5.5V, buck mode 4.1 6.6 - \Y
Output Voltage Vver | Vyep — Vi Vuin = 3.8 V, Vgeg = 5.35 V, buck- 3.1 38 B v
boost mode ’ ’
Switching Frequency fsw.cp - 65 - kHz
VCC PIN VOLTAGE
Output VOItage VVCC VVREG =535V - 4.65 - \%
SYSTEM CLOCK
Internal Clock Frequency fsys - 1 - MHz
Internal Clock Tolerance fsys.toL -4 - 4 %
THERMAL PROTECTION
Thermal Shutdown Threshold 2] Trsp T, rising 165 - - °C
Thermal Shutdown Hysteresis [2] Thys - 15 - °C

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.

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

1 The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vygp — Vyiy > VCPyy 1 and Vygeg > VREGy 4 are satisfied before VIN is reduced.
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS —- BUCK AND BUCK-BOOST PRE-REGULATOR SPECIFICATIONS [1I:
Valid at 3.8 V4 < VIN £ 36 V, —40°C < T, = T, < 150°C, unless otherwise specified

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. | Unit
OUTPUT VOLTAGE SPECIFICATIONS
Buck Output Voltage — Regulating |  Vygea | Vuw=135V,ENB=1,01A<lgec<12A | 525 | 535 | 545 | v
PULSE-WIDTH MODULATION (PWM)
PWM Ramp Offset PWM1orrs | Veowmps for 0% duty cycle - 400 - mV
LX1 Rising Slew Rate Control 2] LX1gise | Vuin = 13.5V, 10% to 90%, lyreg = 1A - 1.4 - Vins
LX1 Falling Slew Rate [ LX1earr | Vuin = 13.5V,90% to 10%, lyreg = 1A - 1.5 - Vins
Buck Minimum ON-Time ton MIN,BUCK - 85 160 ns
Buck Maximum Duty Cycle Dmaxsuck | Vun<7.8V - 100 - %
Boost Maximum Duty Cycle Duaxgst | After Vyy > VINgrarT, Vyiny = 3.8V - 65 - %
COMP1 to LX1 Current Gain 9MpowWER1 - 4.57 - AN
Slope Compensation [2] Sgq 1.1 1.62 2.15 Alus
INTERNAL MOSFET
Vyn =135V, T;=-40°C 2, Ibg=0.1A - 60 75 mQ
MOSFET On-Resistance Rpson Vyn =135V, T;=25°C B Ipg=0.1A - 95 110 mQ
Vyin =135V, T;=150°C, Ipg=0.1A - 160 190 mQ
Vengar =22V, Veng < 0.8 ;/ Vix1 =0V, Vyn _ _ 10 uA
MOSFET Leakage lreTike 10V, 40C < T, <85°%C
' \_/ENBAT s 2-3 V, Veng S 0-08 V, Vixs =0V, Vyy _ 50 150 uA
=16V, -40°C < T; < 150°C
ERROR AMPLIFIER
Open Loop Voltage Gain AVOL1 - 60 - dB
Vggq = 750 mV 520 720 920 pANV
Transconductance IMEA1
Vggq = 500 mV 260 360 460 pAINV
Output Current lEA1 - 75 - PA
) VIN<8.5V 1.2 1.52 2.1 \Y
Maximum Output Voltage EA1vo(max) VIN> 95V 08 122 17 v
Minimum Output Voltage EA1vo(min) - - 300 mV
HICCUP1 =1 or FAULT1 =1 or
COMP1 Pull Down Resistance Rcompi Vengat £2.2 V and Vg < 0.8V, latched until - 1 - kQ

Vss1 < VSS1rst

[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.

14l The lowest operating voltage is only valid if the conditions V5 > Vyy starT @nd Vycp — Vyiy > VCPyy 1 and Vyreg > VREGy 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — BUCK AND BUCK-BOOST PRE-REGULATOR SPECIFICATIONS (continued) [l
Valid at 3.8 V41 < VIN < 36 V, —40°C < T, = T, < 150°C, unless otherwise specified

Characteristic | Ssymbol | Test Conditions | Min. | Typ. | Max. | unit
BOOST MOSFET (LG) GATE DRIVER
LG High Output Voltage ViG.oN Vyn =6V, Vygeg =5.35V 4.6 - 55 \
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 =5.35 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
SS1 Offset Voltage VSS1orrs | Vsgq rising due to ISS1gy - 400 - mV
Vgg falling due to HICCUP1 =1 or
SS1 Fault/Hiccup Reset Voltage VS8S1gst | FAULT1 =1 or Vgngar £2.2V and 140 200 275 mV
Veng 0.8V
SS1 Startup (Source) Current ISS1gy Vsgq =1V, HICCUP1 = FAULT1 =0 -15 -20 -25 HA
SS1 Hiccup (Sink) Current ISS1hc | Vsg1 =0.5V, HICCUP1 = 1 7.5 10 12.5 pA
SS1 Delay Time tSS1,DLY Css1 =22nF - 440 - VS
SS1 Ramp Time tss1 Css1=22nF - 880 - us
i . FAULT1 =1 or Vgngar < 2.2 V and B B
SS1 Pull-Down Resistance RPDgsg1 Veng < 0.8 V, latched until Vas; < VSS1gsr 3 kQ
ovs VVREG <1.34V typ|Ca| and VCOMP1 = f /
EA1 B osc/8 B B
VO(max)
ovs VVREG <1.34V typlcal and VCOMF’1 < f /4
EA1 - OsC - -
SS1 PWM Frequency Foldback fawi ss VO(max)
1.34V < VVREG <2.68V typ|Ca| and VCOMP1 < f /
EA1 B osc/2 B B
VO(max)
VVREG 2268V typlCaI and VCOMP1 <EA1 VO(max) - fosc - -
HICCUP MODE
Hiccup1 OCP Enable Threshold Vhicien | Vsst rising - 23 - \
Vss1 > Viictens Vvres < 1.95 Vrvp, Veowp = _ 30 _ PWM
. A1V0(max) CyCIeS
HlCCUp1 OCP PWM Counts tH|C1,0CP
Vss1 > Vuicten: Vvreg > 1.95 Vryp, Veowp = _ 120 _ PWM
EA1yo(max) cycles
CURRENT PROTECTIONS
Pulse-by-Pulse C ¢ Limit | VIN<8.5V 3.83 4.2 4.77 A
ulse-by-Pulse Current Limi i
Y LTt TN > 9.5 v 2.49 2.8 3.11 A
LX1 Short-Circuit Current Limit ILimLx1 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.
[l The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vycp — Vyiy > VCPyy 1 and Vygeg > VREGy 4 are satisfied before VIN is reduced.
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — ADJUSTABLE SYNCHRONOUS BUCK REGULATOR [1I:
Valid at 3.8 V41 < VIN < 36 V, —40°C < T, = T, < 150°C, unless otherwise specified

Characteristic | symbol | Test Conditions | Min. | Typ. Max. Unit
MISSING ASYNCHRONOUS DIODE (D1) PROTECTION
—40°C<T,=T,;<85°C -1.72 -14 -1.0 \Y%
Detection Level Vp opEN
' —40°C<Tp=T;<150°C -1.72 -14 -0.85 \Y
Time Filtering [2] tp,oPEN 50 - 250 ns
FEEDBACK REFERENCE VOLTAGE
Reference Voltage | Veg 1.226 1.250 1.274 \Y
PULSE-WIDTH MODULATION (PWM)
PWM Ramp Offset PWM2oges | Veompz for 0% duty cycle - 440 - mV
High-Side MOSFET Minimum
ON-Time tON(M|N) - 65 105 ns
High-Side MOSFET Minimum t Does not include total gate driver non-overlap _ 100 130 ns
OFF-Time OFF(MIN) | time, tyo
Gate Driver Non-Overlap Time [2] tno - 15 - ns
COMP2 to LX2 Current Gain IMpoWER2 - 1 - ANV
Slope Compensation [2] Se, 0.19 0.26 0.33 Alus
INTERNAL MOSFETS
Tp=25°C 3, Ipg = 100 mA - 225 300 mQ
High-Side MOSFET On-Resistance RDSon (Hs)
Ips = 100 mA - - 500 mQ
LX2 Node Rise/Fall Time [ tRELX2 Vyreg = 5.5V - 12 - ns
Vensar S22V, Veng 0.8V, Vix, =0V, _ _ 2 A
S Vyreg = 5.5V, -40°C < T, < 85°C 3] H
High-Side MOSFET Leakage ['] Ipss (Hs)
Vensar £2.2V, Veng 0.8V, Vix, =0V, _ 3 15 uA
VVREG =55 V, -40°C < TJ <150°C
Tp=25°C 3, Ipg = 100 mA - 165 195 mQ
Low-Side MOSFET On-Resistance RDSon (Ls)
Ips = 100 mA - - 280 mQ
Vensar £2.2V, Vg £ 0.8V, _ _ 1 A
, Vixo =55V, —40°C < T, < 85°C 3] H
Low-Side MOSFET Leakage ['] Ibss (Ls)
Vengar £2.2V, Vg\g 0.8V, _ 4 10 uA
Vix2 =5.5V,-40°C < T;<150°C
I 5 Duty cycle = 5% 792 925 1056 mA
Pulse-by-Pulse Current Limit LIM2,5% Yoy >
Iim2,90% | Duty cycle = 90% 528 705 880 mA
- . V| x2 stuck low for more than 60 ns, hiccup _ VyReG — _
LX2 Short-Circuit Protection VimLx2 mode after 2x detection 12V \

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.

14l The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vycp — Vyiy > VCPyy 1 and Vyreg > VREG 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — ADJUSTABLE SYNCHRONOUS BUCK REGULATOR (continued) [11:
Valid at 3.8 V41 < VIN < 36 V, —40°C < T, = T, < 150°C, unless otherwise specified

Characteristic | Ssymbol | Test Conditions | Min. | Typ. | Max. | unit
ERROR AMPLIFIER
Feedback Input Bias Current [] Ieg ADY VCOMP2_= 0.8V, Veg ap, regulated so that - -150 -350 nA
’ lcomp2 =0 A
Open Loop Voltage Gain [2] AVOL2 - 60 - dB
ICOMP2 =0A, VSSZ > 500 mV 520 720 920 IJAN
Transconductance IMEepo
0V <Vggp <500 mV - 250 - pANV
Source and Sink Current lEa2 Veompz =0.8V - 150 - HA
Maximum Output Voltage EA2y0(max) 1.04 1.3 1.56 \
Minimum Output Voltage EA2y0(min) - - 150 mV
HICCUP2 = 1 or FAULT2 =1 or
COMP?2 Pull-Down Resistance Rcomp2 Vengar £ 2.2 V and Vg < 0.8V, latched until - 1.3 - kQ
Vss2 < VSS2rst
SOFT-START
SS2 Offset Voltage VSS2prrs | Vsgp rising due to ISS2g, 120 200 270 mV
Vsso falling due to HICCUP2 =1 or
SS2 Fault/Hiccup Reset Voltage VSS2gst FAULT2 =1 or Vgngar < 2.2 V and - 100 120 mV
Veng 0.8V
SS2 Startup (Source) Current ISS2g Vgsp = 1V, HICCUP2 = FAULT2 =0 -15 -20 -25 pA
SS2 Hiccup (Sink) Current 1ISS24c | Vss2 =0.5V, HICCUP2 = 1 5 10 15 pA
S§S2 to Synchronous Buck Output
Delay leme P tSS2,DLY Cssz =10 nF - 100 - us
Sy_nchronous Buck Soft-Start Ramp tss Cesp = 101F B 400 _ us
Time
i . FAULT2 =1 or Vgngar £2.2 V and _ _
S§S2 Pull-Down Resistance RPDgs, Veng < 0.8 V, latched until Vas, < VSS2gsr 2 kQ
VFB <450 mV typlcal - fosc/4 - -
SS2 PWM Frequency Foldback fawz.ss 450 mV < Vg < 780 mV typical - fosc/2 - -
VFB > 780 mV typlcal - fosc - -
HICCUP MODE
Hiccup2 OCP Enable Threshold Vhic2en | Vssz rising - 1.8 - Vv
PWM
Vss2 > Vhic2en: Vs <450 mVryp - 30 - cycles
Hiccup2 OCP Counts thicz.ocp WM
Vss2 > Vhiczens Vrs > 450 mVryp - 120 - cycles

[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.
31 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 > Vyy starT @nd Vygp — Vyiy > VCPyy 1 and Vyreg > VREGy 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS - LINEAR REGULATOR SPECIFICATIONS [11: valid at 3.8 V4 < VIN < 36 V,
—40°C = T, = T; < 150°C, unless otherwise specified

Characteristic | symbol | Test Conditions | Min. Typ. Max. Unit
V5CAN, V5A, V5B AND V5P LINEAR REGULATORS
V5CAN Accuracy and Load Regulation Vyscan 10 mA < lyscan < 200 mA, Vyreg =5.25V 4.9 5 5.1 \
V5CAN Output Capacitance Range 2 | Cqoyryscan 1 - 15 uF
V5A Accuracy and Load Regulation Vysa 5 mA < lysp <55 MA, Vygeg =5.25V 4.9 5 5.1 \Y
V5A Output Capacitance Range [2] Coutvsa 1 - 15 uF
V5B Accuracy and Load Regulation Vysp 5 mA<lysg <30 MA, Vyrgg =5.25V 4.9 5 5.1 Vv
V5B Output Capacitance Range [2] CouTvss 1 - 15 uF
V5P Accuracy and Load Regulation Vysp 5 mA < lysp <100 MmA, Vyggg =5.25V 4.9 5 5.1 \Y
V5P Output Capacitance Range 2] CouTvsp 1 - 15 uF
V5CAN OVERCURRENT PROTECTION
V5CAN Current Limit [1] V5CAN, | Vyscan =5 V -220 -310 - mA
V5CAN Foldback Current [1] V5CANesk | Vyscan =0V -40 -80 -140 mA
V5A OVERCURRENT PROTECTION
V5A Current Limit [1] VA M | Vysa=5V -60 -100 - mA
V5A Foldback Current [1] V5Argk | Vysa=0V -15 -30 -45 mA
V5B OVERCURRENT PROTECTION
V5B Current Limit [] V5B m Vysg =5V -40 -90 - mA
V5B Foldback Current [1] V5Bjgk | Vysg =0V -5 -20 -35 mA
V5P OVERCURRENT PROTECTION
V5P Current Limit [1] V5P m Vysp =5V -110 -155 - mA
V5P Foldback Current [] V5P ek Vysp =0V -20 -40 -60 mA
V5CAN, V5A, V5B, AND V5P STARTUP TIMING
V5CAN Startup Time [21 tyscaN.START | Cuscan < 2.9 HF, Load = 200 Q £5% (25 mA) - 0.4 1 ms
V5A Startup Time [2] tysasTaRT | Cvsa < 2.9 pF, Load = 200 Q +5% (25 mA) - 0.6 1 ms
V5B Startup Time [2] tyse.starT | Cvsg < 2.9 WF, Load = 333 Q 5% (15 mA) - 0.8 1 ms
V5P Startup Time [2] tysc.sTarT | Cysp < 2.9 UF, Load = 100 Q 5% (50 mA) - 0.5 1 ms
3V3 LINEAR REGULATOR
3V3 Accuracy and Load Regulation Vav3 5 mA<l3y3 <90 mA, Vygeg =5.25V 3.23 3.30 3.37 \
3V3 Output Capacitance Range [2] Coutava 1.0 - 15 uF
3V3 OVERCURRENT PROTECTION
3V3 Current Limit [1] 3V3m | Vavs=3.3V -110 -155 - mA
3V3 Foldback Current [1] 3V3kek Vay3 =0V -20 -50 -80 mA
3V3 STARTUP TIMING
3V3 Startup Time [2] tavasTarT | Cavs < 2.9 uF, Load = 66 Q £5% (50 mA) - 0.5 0.8 ms
3V3 to Synchronous Buck Startup tava.BUCK ;r/ime:f:(/) m when 3V3 = Vays yyy to when - - 1 ms

FB = VFB,UVH

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.
131 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
1 The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vycp — Vyiy > VCPyy i and Vygeg > VREGy 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — CONTROL INPUTS [11: Valid at 3.8 V4 < VIN < 36 V, —40°C < T, = T, < 150°C,

unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
IGNITION ENABLE (ENBAT) INPUT
V \Y risin 2.9 3.1 35 \
ENBAT Thresholds ENsATH | TENsaT TOTG
VENBAT,L VENBAT falllng 2.2 2.6 2.9 \Y
ENBAT Hysteresis Vengathys | VensarH — VENBATL - 500 - mV
. Vengat = 5.5 V via a 1 kQ series resistor - 50 100 HA
ENBAT Bias Current [1] IENBAT BIAS X X X
' Vengar = 0.8 V via a 1 kQ series resistor 0.5 - 5 HA
ENBAT Pull-Down Resistance RenBAT Venpar < 1.2V - 600 - kQ
LOGIC ENABLE (ENB) INPUT
V| V risin - - 2 V
ENB Thresholds =B Eng 89
VENB,L VENB falllng 0.8 - - \Y
ENB Bias Current [1] IENB,|N VENB =33V - - 175 uA
ENB Resistance Rens - 60 - kQ
ENB/ENBAT FILTER/DEGLITCH
Enable Filter/Deglitch Time EN g piLT 10 15 20 us
nERROR INPUT
VherRORH | VnERROR fising - - 2
nERROR Thresholds :
VherrorL | Vnerror 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).

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.
14l The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vycp — Vyiy > VCPyy 1 and Vyreg > VREG 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS [1I: valid at 3.8 VI41 < VIN < 36 V, —40°C S T, = T, < 150°C,

unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
3V3 AND SYNCHRONOUS BUCK OV/UV PROTECTION THRESHOLDS
V V33 risin 3.41 3.51 3.6 \Y
3V3 OV Thresholds V30V H 3vs M9
V3v3’ov’|_ st3 falllng - 3.49 - \Y
3V3 OV Hysteresis Vavsovhys | Vava.ovd — Vavaovi 10 20 40 mV
V V33 risin - 3.12 - V
3V3 UV Thresholds V3LVA 3vs M9
V3V3,UV,L nga falllng 3 3.1 3.19 V
3V3 UV Hysteresis Vavauvhys | Vavauve = Vavauvl 10 20 40 mV
Synchronous Buck OV Thresholds VBUCK,0VH Vovuy rising 1.29 1.327 1.36 \
V V risin 1.157 1.192 1.225 V
Synchronous Buck UV Thresholds BUCK.UVA VIV - 9
VBUCK,UV,L VOV/UV falllng 1.147 1.182 1.217 \Y
SynChrOnOUS Buck UV HyStereSiS VBUCK,UV,HYS VOV/UV,UV,H — VOV/UV,UV,L 5 10 20 mV
V5CAN, V5A, V5B AND V5P OV/UV PROTECTION THRESHOLDS
V5CAN, V5A, V5B and V5P OV Vvs,0vH Vys rising 5.15 5.33 5.5 v
Thresholds Vys.ovL Vys falling - 5.30 - \%
V5CAN, V5A, V5B and V5P OV
Hysteresis Vysovhys | VvsovH = Vvsovl 15 30 50 mV
V5CAN, V5A, V5B and V5P UV Vvs,uvH Vys rising - 4.7 - v
Thresholds Vys.uvL Vys falling 45 4.68 4.85 %
V5CAN, V5A, V5B and V5P UV
Hysteresis Vysuviys | Vvsuve — Vvsuvl 15 30 50 mV
V5P Output Disconnect Threshold Vysppisc Vysp rising - 7.2 - \
VREG, VCP, AND BG THRESHOLDS
VREG \ rising, LX1 PWM disabled 5.5 5.62 5.75 V
VREG Non-Latching OV Threshold ovin | Yvree 1o
VREGqy 1 | Vygreg falling, LX1 PWM enabled - 5.53 - \
VREG Non-Latching OV Hysteresis VREGgoy1 ys | VREGoy1 4 — VREGoy1 - 100 - mV
VREG Latching OV Threshold VREGoyv2 1 | Vvree rising, all regulators latched off - 6.55 - \
VREGy Vyreg rising, triggers rise of 3V3 linear 4.14 4.38 4.62 Vv
VREG UV Thresholds ' regulator
VREGUV,L VVREG falllng bl 4.28 bl Vv
VREG UV Hysteresis VREGyyhys | VREGyH — VREGy - 100 - mvV
VCP OV Thresholds VCPoyH Vycp rising, latches all regulators off 11 12.5 14 \Y
VCP Vycp rising, PWM enabled 3 3.2 34 \
VCP UV Thresholds ekl vep 159
VCPyy. | Vicp falling, PWM disabled - 2.8 - Vv
VCP UV HyStereSiS VCPUV,HYS VCPUV,H - VCPUV,L - 400 - mV
BGREF and BGFAULT UV Thresholds [2] BGXUV BGVREF or BGFAULT riSing 1 1.05 11 \%

[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.
1l The lowest operating voltage is only valid if the conditions VN > Vyy starT @nd Vygp — Vyiy > VCPyy 1 and Vyreg > VREGy 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS (continued) [1I: Valid at 3.8 V41 < VIN < 36 V,

—40°C = Ty = T; = 150°C, unless otherwise specified

Characteristic | symbol | Test Conditions | Min. Typ. Max. Unit
NPOR TURN-ON AND TURN-OFF DELAYS
Time from when 3V3, synchronous buck
NPOR Turn-On Delay tdnpor.ON output, and V5A are all in regulation to NPOR 15 20 25 ms
being asserted high
NPOR OUTPUT VOLTAGES
NPOR Output Low Voltage VNPORL E’:SR"; E'\r'nB:‘T high, VIN 2 2.5V, - 150 400 mvV
NPOR Leakage Current [] InpORLKG | VNPOR = 3.3V - - 2 pA
FAULT FLAG OUTPUT VOLTAGES (FFn)
FFn Output Voltage VerL \E/\':s; 21 gi/'?r:FBéTzsz\a”d FFnis tripped, - 150 400 mv
FFn Leakage Current lee kG Veg=3.3V - - 2 HA
IGNITION STATUS (ENBATS)
ENBATS Output Voltage VOengats,Lo | lensats =2 MA, Vengar < VEnsaTL - - 400 mv
ENBATS Leakage Current [1] lenBATS Vengars = 33V - - 2 pA
OV FILTERING/DEGLITCH TIME
Overvoltage Detection Delay | OVigriit | Overvoltage detection delay time | 10 | 15 | 20 | us
UV FILTERING/DEGLITCH TIME
UV Filter/Deglitch Times |  Wgrir | Undervoltage detection delay time | 10 | 15 | 20 | s

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

1 The lowest operating voltage is only valid if the conditions Vy,y > Vyy starT @nd Vycp — Vyiy > VCPyy i and Vygeg > VREGy 4 are satisfied before VIN is reduced.
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — WINDOW WATCHDOG TIMER (WWDT) [I: Valid at 3.8 VI4 S VIN < 36 V,
—40°C = Ty = T; = 150°C, unless otherwise specified

Characteristic | symbol | Test Conditions | Min. Typ. Max. Unit
WD_IN VOLTAGE THRESHOLDS AND CURRENT
WD V fallin 0.8 - - \
WD,y Input Voltage Thresholds INLO 2D N 9
WD|N,H| VWDJN riSing - - 2 \
WD,y Pull-Down Resistance [2] Rwp N - 50 - kQ

WD_IN TIMING SPECIFICATIONS

Default setting. Modified by register config_0,

WD,y Period twoin bits 7 and 6 - 250 - us
WD,y Pulse High Time twoinHI 50 - - us
WD,y Pulse Low Time twoiN,LO 50 - - us
GATE DRIVE ENABLE (POE)

POE Output Voltage Veoe L lpoe =4 MA - 150 400 mV
POE Output Voltage VpoEH lpog =—3.5 mA 2.85 - - \

Time from POE going low due to watchdog

Power Supply Disable Delay tPS_DISABLE | fauit to V5CAN starts to decay

40 50 60 ms

t Time from POE going low due to watchdog
Anti-Latchup Timeout ANTL fault to when enable control is removed from - 10 - s
LATCHUP | the ENB pin

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.

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

14l The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vi > VCPyy i and Vygeg > VREGy  are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

ELECTRICAL CHARACTERISTICS — COMMUNICATIONS INTERFACE [1I: valid at 3.8 V41 < VIN< 36 V,

—40°C = T, = T; = 150°C, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
SERIAL INTERFACE (STRn, SDI, SDO, SCK)
Input Low Voltage Vi - - 0.8 \
Input High Voltage V4 All logic inputs 2 - - V
Input Hysteresis Vinys All logic inputs 250 550 - mV
Input Pull-Down SDI, SCK Reps OV<VIN<5V - 50 - kQ
Input Pull-Up To VCC Ipy STRn - 50 - kQ
Output Low Voltage VoL lop =1mATll - 0.2 0.4 \
Output High Voltage Vou loL = =1 mATll 2.8 Vpp — 0.2 - \%
Output Leakage [l ILk.spo 0V <Vgppg<55V,STRn=1 -1 - 1 WA
Clock High Time tsckH Ain figure 4 50 - - ns
Clock Low Time tsckL B in figure 4 50 - - ns
Strobe Lead Time tsTLD C in figure 4 30 - - ns
Strobe Lag Time tsTic D in figure 4 30 - - ns
Strobe High Time tsTRH E in figure 4 300 - - ns
Data Out Enable Time tspoe Fin figure 4 - - 40 ns
Data Out Disable Time tspop G in figure 4 - - 30 ns
D:;ellli%,ut Valid Time From Clock tspoy H in figure 4 _ _ 40 ns
Data_Out Hold Time From Clock tspon Jin figure 4 5 _ _ ns

Falling

Data In Setup Time To Clock Rising tspis Kiin figure 4 15 - - ns
Data In Hold Time From Clock Rising tspiH L in figure 4 10 - - ns
Wake Up From Sleep ten - - 2 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.
31 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 > Vyy starT @nd Vycp — Vyiy > VCPyy 1 and Vyreg > VREGy 4 are satisfied before VIN is reduced.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,

Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

[ E— < pre gl :4—’:4—1
| : : : : Tt [/ [ |
SCK : i i
I I 4 I 4 \ I I
| | | | | h 1 ]
| | K 'L | '
U
: : e :
T T | T | === T
SDI bOX X D15 X X X D14 X X X X DO X X
: : — :
I I I
Fy | WJi G,
- el ——
1 | | T 1 |
Sbo —Z¢—<: ! D15' ! :Xi D14' X DO’ E Z
| | 1 |
I — --- i !
handl
H
Figure 1: Serial Interface Timing
X = don’t care; Z = high-impedance (tri-state)
Table 1: Startup and Shutdown Logic (signal names consistent with Functional Block Diagram)
Regulator Control Bits
ARG81400 Status Signal
(0=OFF, 1=ON) atus Signals
AI:’IG:I;ZOO SYNC \\//g% SYNC V5B
VCR)EG ‘gﬁ’ aﬁgsgA and EN MPOR VREGUV 3V3UV aﬁ;’ggA V5P, and NPOR
V5CAN V5CAN UV
ON uv
ON
RESET 0 0 0 0 0 1 0 0 0 0 0
OFF 0 0 0 0 0 0 1 1 1 1 0
STARTUP 1 0 0 0 1 0 1 1 1 1 0
! 1 1 0 0 1 0 0 1 1 1 0
! 1 0 0 0 1 1 0
! 1 1 1 0 1 0 0 0 0 1 1
RUN 1 1 1 1 1 0 0 0 0 0 1 g
15 us m
DEGLITCH 1 1 1 1 0 0 0 0 0 0 0
SHUTTING
DOWN 1 1 1 1 0 0 0 0 0 0 0
! 1 1 0 1 1
1 1 1 1 v
OFF 0 1 1 1 1

X =DON’T CARE
EN = ENBAT + ENB

MPOR = VCC_UV + VCP_UV + BG1_UV + BG2_UV + TSD + VCP_OV (latched) + D1yyssig (latched) + I 1y 1 x; (latched)
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

STARTUP TIMING DIAGRAM

13.5V
VIN
EN <<——ENB OR ENBAT = HIGH
SS
V8Sorrs
COMP 4/
LX1
- 1ssw=
VREG tsi&w VVReG,UVH
Vava v
3Vv3
1.3V
foscl4
fosc/2
LX2
tss2
Buck VEs,uvH
Output
VusauvH
V5A
3V3 OK*
Buck OK* tava Buck— |<—
V5A OK* tavavsa — |<—
NPOR ON* |
td NPoR ON
NPOR

Figure 2: Startup Timing Diagram
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

SHUTDOWN TIMING DIAGRAM

VIN

ENB |
AND ‘
ENBAT |
|
|
|
|

3V3, Sync Buck tout FALL

or VBA UV \

All Outputs

A
v

NPOR

All outputs start to decay EN4 gy 1 seconds after ENB and ENBAT are low.

Time for outputs to drop to zero, toyrparr, various for each output and depends on load current and capacitance.
NPOR falls when 3V3, Sync Buck or V5A reaches its UV point.

Figure 3: Shutdown Timing Diagram
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

Table 2: Summary of Fault Mode Operation

FAULT TYPE ARG81400 LATCHED SYNC RESET
and RESPONSE FAULT? vcc VCP VREG | BUCK 3v3 |V5CAN| V5A V5B V5P NPOR FFn POE DIAG SPI wD METHOD
CONDITION TO FAULT ) O/P
Latching Faults
Results in an
MPOR after 1
CPUMP OV detection, so all Yes No effect ? off off off off off off off Low Low Low 102 kHz On On None
regulators are
shut off
Results in an
VREG overvoltage MPOR after 1 sﬁgsjdé);r:e
v, detection, so all Yes No effect | No effect off off off off off off off Low Low Low 204 kHz On On A
Recovzi < Vvree regulators are ENor Vin /
replace IC
shut off
Results in an
VREG asynchronous MPOR after 1 Place D1
. V! L detection, so all Yes No effect | No effect off off off off off off off Low Low Low 315 kHz XX XX then cycle EN
diode (D1) missing
regulators are or VIN
shut off
Results in an
MPOR after
Asynchronous diode m;ggg;?e Remove the
(D1) short circuited current Yes No effect | No effect | off off off off off off off Low Low Low | 409kHz |  xx X short then
or LX1 shorted to exceeds cycle EN or
ground VIN
ILIM,LX1 so all
regulators are
shut off
If OV condition
persists for Check for
more than -
Vovuy overvoltage | tdOV then set Yes No effect | No effect off off off off off off off Low Low Low 512 kHz XX XX ti:?‘ricgl‘;ug;
NPOR Low N
and shut off all
regulators
FB pin will be
FB pin is open pulled_ high, Yes No effect | No effect | No effect Low off off off off off Low Low Low 512 kHz XX XX Connec_t the
LX2 will stop FB pin
switching
Non-Latching Faults
Vin UVLO Cs In reset No Ramping | Vin off off off off off off off Low Low Low Low - - None
BG1 UVLO Ic |55:2t;eset No Ramping Vin off off off off off off off Low Low Low Low XX XX None
BG2 UVLO Ic Isstlg‘;eset No Ramping Vin off off off off off off off Low Low Low Low XX XX None
VCC UVLO 1 s t';‘t;ese‘ No ON Vin off off off off off off off Low Low Low Low xx xx None
VCC short llimit 1c iss:;\t;eset No uvLO Vin off off off off off off off Low Low Low Low XX XX None
CPUMP UVLO Ic |sst|2t;eset No ON Ramping off off off off off off off Low Low Low Low XX XX None
Stop PWM Low if 3V3,| Low if V5
VREG over voltage op * Vovuys or | or V5P
VREG switching of No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low Low No effect | No effect None
oviH < Vvres LX1 V5Aare | aretoo
too Low Low
VREG will
decay to 0V,
LX1 will switch
at maximum
VREG, pin open duty cycle so No No effect | No effect off off off off off off off Low Low Low Low No effect | No effect Connect t_he
circuit the voltage VREG pin
on the output
capacitors will
be very close
to VBAT
Continue to
VREG shorted PWM but turn .
Low if 3V3
to ground Vggy < off LX1 when . . . . . . ’
. . off if Vreg | off if Vreg | off if Vreg | off if Vreg | off if Vreg | off if Vreg | Voy,uv o Remove the
Vhict.ens Vres < the high side No No effect | No effect | Shorted <UVLO | <UvLO | <UvLO | <uvLO | <UvLO | <UVLO | VBA are Low Low Low No effect | No effect short circuit
1.95V, Veompt # MOSFET 100 Low
EA1yomax) current
exceeds ILIM1
VREG overcurrent Lowif3V3.
Vsst > Vet ens Enters hiccup . . . . . . N
Vges < 1.95V, mode after 30 No No effect | No effect | Shorted oiflJfVVche)g oiflJfVVche)g oiflJfVVche)g oiflJfVVche)g oiflJfVVche)g oiflJfVVche)g V\%k‘a”reor Low Low Low | No effect | No effect Decrliaaze the
Veompt = OCP faults t00 Low
EAlvomax)
VREG overcurrent Low if 3V3
Vss1 > Viictens Enters hiccup " " " ; ; » ’
Vges > 1.95V, mode after 120 No No effect | No effect | Shorted oileij\/Lrgg oileij\/Lrgg oileij\/Lrgg oileij\/Lrgg oileij\/Lrgg oileij\/Lrgg vvoé’k‘;’rgr Low Low Low | No effect | No effect Decrlecs)z;ze the
Veompt = OCP faults t00 Low
EATvomax)

Continued on next page...
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

Table 2: Summary of Fault Mode Operation (continued)

FAULT TYPE ARG81400 LATCHED SYNC RESET
and RESPONSE vcc VvCcP VREG | BUCK 3V3 |V5CAN| V5A V5B V5P NPOR FFn POE DIAG SPI WD

FAULT? METHOD
CONDITION TO FAULT O/P
Closed loop
control will
try to raise
the voltage
Voyuuy undervoltage but may be No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low Low Low Low No effect | No effect
constrained by
the foldback or
pulse-by-pulse

current limit

Decrease the
load

ovir\::z‘r(r:eﬁtjslk Enters hiccup
SS2 | mode after 120 No No effect | No effect | No effect Low No effect | No effect | No effect | No effect | No effect Low Low Low Low No effect | No effect

> Vhozen Ves > | " ocp faults load
450 mV

Decrease the

Continue to

FBshortedto | PWMbuttum

round Vg, < | Cff LX2 when Remove the

g $s2 the high-side No No effect | No effect | No effect Low No effect | No effect | No effect | No effect | No effect Low Low Low Low No effect | No effect N

Vhiczens Vs < MOSFET short circuit
4

50 mV
current

exceeds ILIM2

Closed loop
control will
try to raise
the voltage
3V3 undervoltage but may be No No effect | No effect | No effect | No effect Low No effect | No effect | No effect | No effect Low Low Low Low No effect | No effect
constrained by
the foldback or
pulse-by-pulse
current limit
If OV condition
persists for S Check for
3V3 overvoltage more than tdoy No No effect | No effect | No effect | No effect v No effect | No effect | No effect | No effect Low Low Low Low No effect | No effect S
'3V3,0V.H short circuits
then set NPOR ,0V.|
Low

Foldback - - ;
current limit Lowif | Lowif | Lowif Decrease the
3V3 overcurrent will reduce the No No effect | No effect | No effect | No effect | Falling | No effect | No effect | No effect | No effect | 3V3 < 3V3 < 3V3 < Low No effect | No effect load
output voltage Vavauve | Vavauve | Vavauve
Closed loop
control will
try to raise
:)huel \r/::yagz No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | UVLO | No effect Low No effect Low No effect | No effect Decrliaaze the
constrained by
the foldback
current limit

If OV condition

V5P over voltage or persists for N Check for
g more than No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect No effect Low No effect Low No effect | No effect | short circuits

shorted o Vbat | 440 then set Vuseoun on V5P

FF Low

Foldback Low if
V5P overcurrent Wﬁr:zﬁ;gge No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | Falling | No effect | V5P are | No effect Low No effect | No effect
too Low

output voltage

Closed loop
control will
try to raise
:ahlﬁ vmoaltyagz No No effect | No effect | No effect | No effect | No effect | No effect Low No effect | No effect Low Low Low Low No effect | No effect Decrliaaze the
constrained by
the foldback
current limit
If OV condition
persists for S Check for
V5A overvoltage more than No No effect | No effect | No effect | No effect | No effect | No effect v No effect | No effect Low Low Low Low No effect | No effect | short circuits
tdoy then set VSAOVH on V5A
POK5V Low

Foldback Low if Low if Low if
V5A overcurrent (_:urrent fimit No No effect | No effect | No effect | No effect | No effect [ No effect | Falling | No effect | No effect VA< VA< VA< Low No effect | No effect Decrease the
will reduce the Vysa, Vysa, Vysa, load
output voltage VL VL VL
If OV condition
persists for SV, Check for
V5CAN overvoltage more than No No effect | No effect | No effect | No effect | No effect VSCAN, | No effect | No effect | No effect | No effect Low No effect Low No effect | No effect | short circuits
tdOV then set OVH on V5CAN
POK5V Low

Decrease the
load

V5P undervoltage

Decrease the
load

V5A undervoltage

Continued on next page...

23

Allegro MicroSystems

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

microsystems www.allegromicro.com




Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

Table 2: Summary of Fault Mode Operation (continued)

FAULT TYPE ARG81400 LATCHED SYNC RESET
and RESPONSE FAULT? vcc vCcP VREG | BUCK 3V3 |V5CAN| V5A V5B V5P NPOR FFn POE DIAG SPI WD METHOD
CONDITION TO FAULT ) O/P
Closed loop
control will
try to raise
VSCAN the voltage No No effect | No effect | No effect | No effect | No effect Low No effect | No effect | No effect | No effect Low No effect Low No effect | No effect Decrease the
undervoltage but may be load
constrained by
the foldback
current limit
Foldback Low if
current limit . V5CAN Decrease the
V5CAN overcurrent y No No effect | No effect | No effect | No effect | No effect | Falling | No effect | No effect [ No effect | No effect | . No effect Low No effect | No effect
will reduce the is too load
output voltage Low
If OV condition
persists for SV, Check for
V5B overvoltage more than No No effect | No effect | No effect | No effect | No effect VSCAN. | No effect | No effect | No effect | No effect Low No effect Low No effect | No effect | short circuits
tdoy then set OVH on V5CAN
POK5V Low
Closed loop
control will
try to raise
V5B undervoltage tbhli vmoa";gz No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect Low No effect Low No effect | No effect Decrliaaze the
constrained by
the foldback
current limit
Foldback .
current limit Lowif Decrease the
V5B overcurrent will reduce the No No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | V5Bis | No effect Low No effect | No effect load
output voltage too Low
e
Thermal shutdown regulak‘)rs are No No effect | No effect | No effect off off off off off off off Low Low Low No effect | No effect | ARG81400
cool
shut off
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Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
ARG81 400 Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

TIMING DIAGRAMS (not to scale)
*is for “and”, + is for “or”

COMPx

I I
I I
I I
- EAxvomaxy = === -——--—---- 1‘ o T 7
I | I |
I ) | I I
== -PWMxopps = = === === == = = o= - === === ="="=—"=—"=—"=—"=-"=-"=-=-=- I
I I
—r-- -
Il

I
T—t—-—-=" T
Il

LXx

VREG 13V

(VFB) _Q47V) I N LT,

“EAxvomax) =T T T T T s o s s oo s s mmmm—

SSx e Ve S§XBSI::___I _____ Fmm—fmde—»
| ] | ] ]
1 1 1 1 1
ENHICx o | _ 1 P B D
1 1 1 1
| : | | : |
HICx : : . : : N
]
! X 120x OCP ,
OCPx ' L L
|
1
]
1

COMPx

fosc/4| fosc/2 .

LXx
27V | I R
(0.78V) 4 - =L - N =
VREG 13V_' _ _ = ) N L

(VFB) 0.47V)!

Figure 5: Hiccup Mode Operation with VREG or Synchronous Buck Overloaded (R oap = 0.5 Q)
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

FUNCTIONAL DESCRIPTION

Overview

The ARG81400 pre-regulator can be configured as a buck
converter or buck-boost. Buck-boost is suitable for when appli-
cations need to work with extremely low battery voltages. This
pre-regulator generates a fixed 5.35 V and can deliver up to 1.2 A
to power the internal or external post-regulators. These post-regu-
lators generate the various voltage levels for the end system.

The ARG81400 includes six internal post-regulators: five linear
regulators and one adjustable output synchronous buck regulator.

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:

1. Pulse-by-pulse and hiccup mode current limit

2. Undervoltage and overvoltage detection and reporting
3. Shorted switch node to ground

4. Open freewheeling diode protection

5. High voltage rating for load dump

Bias Supply

The bias supply (VCC) is generated by an internal linear regula-
tor. 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
ARGR81400. These features include:

1. Input voltage undervoltage lockout
Output undervoltage detection and reporting
Overcurrent and short-circuit limit

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

A I

Short protection of the series pass device. If the internal lin-
ear regulator shorts to VIN this protection will ensure that the
ARG81400 enters a safe mode.

Charge Pump

A charge pump doubler provides the voltage necessary to drive
high-side n-channel MOSFETs in the pre-regulator and linear
regulators. Two external capacitors are required for charge pump
operation. During the first cycle of the charge pump action the
flying capacitor, between pins CP1 and CP2, is charged either
from VIN or VREG, whichever is highest. During the second
cycle the voltage on the flying capacitor charges the VCP capaci-
tor. The VCP minus VIN voltage is regulated to around 6.6 V

The charge pump incorporates some safety features:

1. Undervoltage and overvoltage detection and reporting

2. Overcurrent safe mode protection
Bandgap

Dual bandgaps are implemented within the ARG81400. One
bandgap is dedicated to the voltage regulation loops within each
of the regulators, VCC, VCP, VREG and the six 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 ARG81400.

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 regula-
tion, 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 ARG81400. A high sig-
nal on either of these pins enables the regulated outputs of the
ARG81400. One Enable (ENB) is logic-level compatible. The
second enable (ENBAT), is battery-level rated and can be con-
nected to the ignition switch through a resistor.

A logic-level battery enable status (ENBATS) pin provides the
user with a low-level signal of what the ENBAT input is doing.
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

Synchronous Buck

The ARG81400 integrates both the high-side and low-side
switches necessary for implementing a synchronous buck
converter. It is powered by the pre-regulator output. A 1.25 V
feedback pin is provided to allow adjustment of the output from
1.25 to 3.3 V. A simple voltage divider sets the output voltage. If
1.25 V is required, then no divider is necessary and the converter
output can be connected directly to the feedback pin. If the syn-
chronous buck converter is configured as 1.25 V, then a minimum
load of 100 pA is required. This can either be the system load or
an additional 10 kQ from 1.25 V output to ground.

The synchronous buck requires an LC filter on its switch node to
compete the regulation function.

Protection and safety functions provided by the synchronous
buck are:

Pulse-by-pulse and hiccup mode current limit
Undervoltage and overvoltage detection and reporting
Shorted switch node to ground

Open feedback pin protection

A

Shorted high-side switch protection, OVP shuts down pre-
regulator

Linear Regulators

The ARG81400 has five linear regulators, one 3.3V, three 5V and
one protected SV.

All linear regulators provide the following protection features:

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

The protected 5 V regulator includes protection against connec-
tion to the battery voltage. This makes this output most suitable
for powering remote sensors or circuitry where short-to-battery is
possible.

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

Fault Detection and Reporting

There is extensive fault detection within the ARG81400, as dis-
cussed previously. There are two fault reporting mechanisms used
by the ARG81400: through hardwired pins and through a serial
communications interface (SPI).

Two hardwired pins on the ARG81400 are used for fault report-
ing. The first pin, NPOR, reports on the status of the 3V3, the
V5A, and synchronous buck outputs. This signal goes low if

either of these outputs 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 ARG81400 exists. The FFn pin can be used
by the processor as an alert to check the status of the ARG81400
via SPI and see where the fault occurred.

The ARG81400 also includes a diagnostic pin, DIAG, to aid
system debugging in the event of a failure. A series of pulses
with 50% duty cycle will be sent to this pin. Their frequency will
indicate what fault occurred within the ARG81400.

Fault DIAG
LX1 or D1 short-to-ground Low
Charge pump overvoltage 102 kHz
VREG overvoltage VREGgy, 1 < Vyres 204 kHz
VREG asynchronous diode (D1) missing 409 kHz
Synchronous buck overvoltage 512 kHz

Startup Self-Test

The ARG81400 includes self-test which is performed during
the startup sequence. This self-test verifies the operation of the
undervoltage and overvoltage detect circuits for the main outputs.

In the event the self-test fails, the ARG81400 will report the
failure through SPI.

Undervoltage Detect Self-Test

The undervoltage (UV) detectors are verified during startup of
the ARG81400. 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
corresponding 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 fol-
lowing UV detectors are tested: VREG, 3V3, V5A, V5B, V5P,
VS5CAN, and the synchronous buck.

Overvoltage Detect Self-Test

The overvoltage (OV) detectors are verified during startup of

the ARG81400. 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, 3V3, V5A, V5B, V5P, V5CAN,
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ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

and the synchronous buck.

Overtemperature Shutdown Self-Test

The overtemperature shutdown (TSD) detector is verified on
startup of the ARG81400. A voltage is applied to the compara-
tor 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
overtemperature 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 ARG81400 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

The watchdog circuit within the ARG81400 will monitor a tem-
poral signal from a processor for its period between pulses. If the
signal does not meet the requirements, the ARG81400 watchdog
will put the system into a safe state. It does this by setting the
power-on enable (POE) pin Low, removing enabling function of
ENB pin for the ARG81400 and disabling the VSCAN output.
See Figure 6 for a simplified block diagram of the watchdog
circuit.

The watchdog function (see Figure 7) uses two timers and two
counters to validate the incoming temporal signal. The user has
some ability to program the counters and timer windows through
SPIL

The first counter counts the rising edges of the temporal signal. If
the correct count is completed after the minimum timer expires and
before the maximum timer expires, then the second (valid) counter
is incremented. Once the valid counter has incremented the pro-
grammed number of counts, the watchdog issues a watchdog OK
(WD _IN OK) signal. This signal, along with NPOR, 3V3 enable,
synchronous buck enable, and nERROR, enables the POE.

If the edge count reaches its final value before the minimum timer
or after the maximum timer expires, the valid counter decrements.
Once the valid counter reaches zero, the watchdog fault signal

issues a fault has occurred. The POE is driven low; after a timeout
period, the VSCAN output is disabled, and after a further timeout,
enabling of the ARG81400 via the ENB pin is no longer possible.

If insufficient edges are received before the maximum timer

expires, the valid counter decrements and the minimum and
maximum counters are reset and start to count again. If an edge is
subsequently received the timers reset once again to synchronize
on the incoming pulses. The valid counter is not decremented in
this instance (see cases C and G on pages 32 and 36, respectively.)

The number of edge counts, valid counts, and timer windows can
be programmed through SPI. The min and max timer nominal
values in milliseconds are calculated by the following equations:

tWD,MIN = kEDGE X WD_[N_PER]OD_M]N
tWD,MAX = kEDGE X WD_[N_PER[OD_MA_X

where kppgp is the edge count number programmed through
SPI (default is 2),

WD _IN PERIOD MIN is the min timer value in microseconds
programmed in SPI, and

WD_IN PERIOD MAX is the min timer value in microsec-
onds programmed in SPI.

Tolerance on typ, pn and typ pax 1 related to the system clock
tolerance, fgyg ror in %, by the following equations:

100
100 — fsys ror

100
100 + fysror

MAX TOL = 1 =+4.1%

MIN TOL = -1 =-3.8%

The watchdog also has provision to be placed in “flash mode”.
While in flash mode the watchdog keeps the POE signal low

but does not disable the VSCAN or the ENB function. This is
required should the processor need to be re-flashed. Flash mode
is accessed through secure SPI commands. To exit “flash mode”,
the watchdog must be restarted via separate secure SPI com-
mands. If the ARG81400 has not lost power during flash mode,
then the watchdog will restart with the previous configuration. If
power was lost during flash mode, then the watchdog configura-
tion will be reset to default.

On startup, the watchdog (WD _IN) must receive a series of valid
and qualified pulse trains, per the programmed EDGE_COUNT
and VALID COUNT registers, followed by a series of invalid
qualified pulses. Once a second series of valid and qualified pulses
are received before the power supply disable time (tpg pisaBLE)
expires, then the watchdog enters the active state and the WD_F
signal on SPI becomes active (see Figure 6). During the test state,
WD _F is not active and FFn does not alert a watchdog fault. When
the watchdog is waiting for the second series of pulse on WD _IN,
it sets the valid counter to one half its programmed value. This aids
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in speeding up startup of a system using the ARG81400. Once the If the watchdog has indicated invalid WD _IN pulses, it latches
WD _IN pulses have met all criteria and POE is released, then the the POE signal low. Once the power supply disable time
valid counter reverts to its correct programmed value. If the second  (tpg pisaprLE) €xpires, then the watchdog will disable the VSCAN.

series of pulses is not received before the tpg pigapr g time, then After the anti-latchup timeout, txnT paTcHup then the watchdog
the watchdog will enter watchdog fault mode. It will set the POE will remove Enable control via the ENB pin. The only way to
signal low, disable the VSCAN, and after ton7; 1 aTcrup remove prevent this would be to restart the watchdog either through SPI
enable control via ENB. - or shutting down and restarting the ARG81400.

The processor can restart the watchdog by using a secure SPI
command.

> > en e

> POE Test l€—
‘VSCAN_EN
|nERROR= |
r—_l—BUCK_ON
POE ! 3V3_ON
—‘_l—NPOR
WD_IN QSigIr.I? ! Watchdog Monitor WD_Enable_Output
ualifier WD_IN_OK
W y
r= = == T - - —=—=" - = = = - -1 - - = - = b b |
| — v v |
| WD_PERIOD | MIN_TIMER MAX_TIMER |POE_OK POE_S WD_F WD_State |
| EDGE_COUNT VALID_COUNT WD_Restart Flash Mode |
b e e e e e e e e e e e e e e e e e e e e e e e - E— e o —— —— —— — —— 4

Figure 6: Watchdog Block Diagram
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FIGURE 7 A-H: WATCHDOG VALID SIGNAL TIMING DIAGRAMS

NPOR WD_IN OK
-«

——— e e = >
Start Edge WINDOW  WINDOW
\ OPEN CLOSE

WD_IN

R

|
|
“““““““ RN ) e e
| n |
L1l

| |

| E
. | | [
COUNT =2 . BN I
VALID
COUNT =2

_____________________________________ -

WD_IN_OK i« VALID_COUNT % t1 o .

CASE A: EDGE = 2, VALID =2, WD_IN OK
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WD_IN OK WD_IN STUCK HIGH or LOW
L

WINDOW  WINDOW
OPEN CLOSE

t2 = EDGE_COUNT x
WD_IN_PERIOD_MAX
-
|
|
1 | "
N
COUNT =2 1l | | | | e
VALID |
COUNT = 2
______________________________________ e
WD_|N_OK < VALID_COUNT x t2 ,
______________________________________ e

CASE B: EDGE = 2, VALID = 2, WD_IN STUCK HIGH
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NPOR " \wp N OK WD_IN SLOW
_________________ ™ __,
WINDOW  WINDOW Attempt to re-sync
OPEN ICLOSE | | / | |

| | | | | | +

WD_IN

______ RN R RN RN,
| 2 ® 2 t2 = EDGE_COUNT x

MIN WD_IN_PERIOD_MAX
TIMER | | t3max = WD_IN_PERIOD_MIN —¢
-LLLJJ | | | € = smallest At the WD can resolve

-——»

- 4

.

EDGE |

COUNT =2 1] 1]

________ —_— | S — —_— >
VALID |

COUNT =2

__________________________________________ —_— >
WD_IN_OK ) (VALID_COUNT x t2) + t3 , _

CASE C: EDGE = 2, VALID = 2, WD_IN SLOW
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WINDOW  WINDOW
OPEN CLOSE

W
Y

3

y

L’_L _LL‘ t1 = EDGE_COUNT x WD_IN_PERIOD

\_\_\_ t4 < EDGE_COUNT x WD_IN_PERIOD_MIN

————————————————— -I————————————— e
EDGE I |

COUNT =2 eree e -
VALID

COUNT =2
____________________________________________ ’
WD INOK _________ — -

VALID_COUNT x t4

CASE D: EDGE = 2, VALID = 2, WD_IN FAST
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NPOR WD_IN OK
S S > .
Start Edge WINDOW  WINDOW
\ OPEN | | CLOSE | |
!
won T LT |+L__ T1_. I

| t1 = EDGE_COUNTS x WD_IN_PERIOD | |
| |

EDGE

COUNT = 1 ] | | |
-
VALID
COUNT =2
_____________________________________ >
WD_IN_OK < VALID_COUNT x t1 o .

CASE E: EDGE =1, VALID =2, WD_IN OK
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WD_IN OK WD_IN STUCK HIGH or LOW
_ > _

WINDOW  WINDOW
OPEN | CLOSE

t2 = EDGE_COUNT x
WD_IN_PERIOD_MAX

-
——>
-——>

VALID |

COUNT =2

______________________________________ —_—— >

VALID NT x t2
WD_IN_OK < _COUNT > .

CASE F: EDGE =1, VALID =2, WD_IN STUCK HIGH
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WD_IN OK WD_IN SLOW
— < — »
_______________________________________________________ >
WINDOW  WINDOW Attempt to re-sync
OPEN CLOSE

t2 = EDGE_COUNT x
MIN WD_IN_PERIOD_MAX
TIMER t3max = WD_IN_PERIOD_MIN — ¢
-LLLJJ € = smallest At the WD can resolve

——————— —— P
MAX
TIMER
————————— ——
EDGE
COUNT =1

-——
VALID
COUNT =2
__________________________________________ —_—— .>
WD_lN_OK « (VALID_COUNT x t2) + t3 5 .

CASE G: EDGE =1, VALID =2, WD_IN SLOW
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NPOR b INOK WD_IN FAST
_______________________________________________________ >
WINDOW  WINDOW
OPEN | CLOSE

| A
WD_IN | |
—_——— —_——— — N P —_—— —_—— e o —— >

b t1 DO
MIN t1 = EDGE_COUNT xWD_IN_PERIOD
TIMER
t4 < EDGE_COUNT x
-|_\_\_L | WD_IN_PERIOD_MIN

________ ISR — S
MAX |
TIMER —"\_\_\_L
----------------- 4|—'-'i---—-—--—-- .
EDGE | |
COUNT =1 | |
e ———————— | ————————————————— | ——————————————————————————————————————————— . e e e e e e o e >
VALID
COUNT =2
____________________________________________ >
WD_IN_OK « R .

VALID_COUNT x t4

CASE H: EDGE =1, VALID = 2, WD_IN FAST
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Idle Test Complete
Test Running
Hunt | Test Lock ¥ Hunt Running Watchdog
NPOR
WD Update WD Update
wo_i L EILIREERER
WD Test WD Run
WD_IN.OK | :
| 1
| | |
POE | |
< tps,pisaBLE
WD_F
V5CAN Enable tps.DIsABLE

tps DisABLE™N ' :
Timer |

Anti-Latchup

tANTI LATCHUP

Figure 8: Watchdog Timing at Startup
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SERIAL COMMUNICATION INTERFACE

The ARG81400 provides the user with a three-wire synchronous
serial interface that is compatible with SPI (Serial Peripheral
Interface). A fourth wire can be used to provide diagnostic feed-
back 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, allowing
multiple SDI slave units to use common SDI, SCK and SDO con-
nections. Each slave then requires an independent STRn connec-
tion.

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 are 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 ARG81400 has 12 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. Maxi-
mum data size is eight bits so Bit<8:1> represents the data word.
The last bit in a serial transfer, Bit<0>, is a parity bit that is set to
ensure odd parity in the complete 16-bit word. Odd parity means
that the total number of 1s in any transmission should always be
an odd number. This ensures that there is always at least one bit

ALLEGRO

MSB LSB
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
A4 A3 A2 A1 A0 W/R 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 " 10 9 8 7 6 5 4 3 2 1 0
VREG_|BUCK_| VCC_ | VCP_ V5CAN_
FF SE |ENBATS| WD_F |TSD_OK OK oK OK OK V5P_OK|V5B_OK|V5A_OK OK 3V3_OK 0 P
Diagnostics
Pattern at SDO Pin after SDI Read

MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FF SE |[ENBATS| WD_F |TSD_OK VROEKG— B%CKK— D7 D6 D5 D4 D3 D2 D1 DO P

Diagnostics 8-Bit Data
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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, then 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 ARG81400 provides 3 status registers. These registers are
read-only. They provide real-time status of various functions
within the ARG81400.

These registers report on the status of all six system rails. They
also report on internal rail status, including the charge pump,
VREG, VCC, and VDD rails. The general fault flag and watch-
dog 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 ARG81400 allows configuration of the window watchdog
period, timing, and pulse validation parameters. The window
watchdog is programmable to accept a clock with a period of
either 250, 500, 1000, or 2000 ps.

An edge counter increments on every rising edge received at
WD _IN. The EDGE COUNT register stores the number of edges

that must occur after the minimum timer has expired and before
the maximum timer has expired. The valid counter increments
upwards on a successful edge count or decrements on an unsuc-
cessful edge count. Once the valid counter reaches the VALID
COUNT upward counts, the pulses on WD _IN are considered
valid and the watchdog fault, WD_F, goes low.

The number of watchdog edges counted before incrementing the
valid counter can be selected. This also sets the timer value. The
minimum and maximum timers can be adjusted from nominal in
0.6% steps. The number of positive counts before the valid signal
state changes can also be set.

EDGE_COUNT [0:1], 2-bit integer to set the number of edges
before the valid counter is incremented.

WD _IN PERIOD MIN [0:2], 3-bit integer to adjust the mini-
mum timer nominal value in 0.6% steps.

WD _IN PERIOD MAX[0:2], 3-bit integer to adjust the maxi-
mum timer nominal value in 0.6% steps.

VALID COUNT [0:1] 2-bit integer to set the number of up
counts on the valid counter before declaring a valid pulse train
on WD_IN.

The watchdog configuration registers can be written to at any
time. The watchdog will update during either hunt states when
it receives the first pulse on WD_IN, as shown in Figure 8 WD
update. If the user wants to change the watchdog configuration
after the hunt states, then a WD_RESTART is required.

The ARG81400 uses frequency dithering for the two switching
regulators to help reduce EMC noise. The user can disable this
feature through the SPI. Default is enabled.

DIAGNOSTIC REGISTERS

There are multiple diagnostic registers in the ARG81400. These
registers can be read to evaluate the status of the ARG81400.
The high-level registers will tell 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 registers.

* All six outputs

*  ARGRS81400 bias voltage

e Charge pump voltage

* Pre-regulator voltage

e Overtemperature

*  Watchdog output

» Shorts on LX pins or open diode on pre-regulator

Note some of these faults will cause the ARG81400 to shut down,
which might shutdown the microprocessor monitoring the SPI. In
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this event, the only way to read the fault would be to have alter-
native power to the microprocessor so it can read the registers. If
VCC of the ARG81400 shuts down, all stored register informa-
tion is lost and the registers revert back to default values.

Other diagnostic registers store more detail on each fault; these
include:

* Overvoltage on a particular output or internal rail

* Undervoltage on a particular output or internal rail

e Overcurrent on a rail

The diagnostic registers are latch registers and will hold data if a
fault has occurred but recovered. So during startup, these regis-
ters will record a UV event on all outputs. On first read, these UV
events will be reported. It is recommended to reset these registers
after startup to ensure full fault reporting. These registers are
reset by writing a 1 to them.

DISABLE REGISTER

The disable register provides the user control of the 5 V outputs.
Two bits must be set high to disable an output. If only one bit is
high, then the outputs remain on. Note VSCAN requires a watch-

Register Map

dog reset to re-enable its output. Set register 0x06 bit 0 and bit 4
to 0; issue watchdog reset through register 0x07.

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 writing a sequence of key words to the
“watchdog_mode key” register. If the correct word sequence is
not received, then the sequence must restart.

Once flash is complete, the processor must send the restart
sequence of key words for the watchdog to exit “Flash Mode”. If
VCC has not been removed from the ARG81400, the watchdog
will restart with the current configuration.

VERIFY RESULT REGISTERS

On every startup, the ARG81400 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
completion of startup, the system’s microprocessor can check the
verify result registers to see if the self-test passed.

HEX Register DEC Type Bit Bit Bit Bit Bit Bit Bit Bit
Address Name Address 7 6 5 4 3 2 1 0
0x00 status_0 0 RO FF POE_OK VCC_OK VDD_OK V5P_OK V5B_OK V5A_OK V5CAN_OK
0x01 status_1 1 RO NPOR_OK WD_F TSD_OK VCP_OK VREG_OK 3V3_OK BUCK_OK
0x02 status_2 2 RO CLK_Hi CLK_Lo NPOR_S POE_S ENBATS WD_STATE
0x03 diag_0 3 RwW1C V5A_OV V5A_UV V5CAN_OV | V5CAN_UV V5P_OV V5P_UV V5B_OV V5B_UV
0x04 diag_1 4 RwW1C VDD_OV VDD_UV VREG_OV VREG_UV 3v3_ov 3V3_Uuv BUCK_OV BUCK_UV
0x05 diag_2 5 RW1C LX2_OK LX1_OK D1_OK VCC_UV VCP_OV VCP_UV
0x06 output_disable 6 RW V5P_DIS1 V5A_DIS1 V5B_DIS1 [V5CAN_DIS1| V5P_DISO V5A_DISO V5B_DISO |V5CAN_DISO
WO Keycode Entry (Write Only)
0x07 watchdog_mode_key 7
RO 0 0 0 0 0 0 0 Unlocked
0x08 config_0 8 RW WD_IN_PERIOD WD_IN_PERIOD_MAX WD_IN_PERIOD_MIN
0x09 config_1 9 RW DITH_DIS VALID_COUNT EDGE_COUNT
0x0A verify_result_0 10 RW1C V5A_OV_OK | V5A_UV_OK [V5CAN_OV_OK|V5CAN_UV_OK| V5P_OV_OK | V5P_UV_OK | V5B_OV_OK | V5B_UV_OK
0x0B verify_result_1 11 RwW1C BIST_PASS TSD_OK [VREG_OV_OK[VREG_UV_OK| 3V3_OV_OK | 3V3_UV_OK |[BUCK_OV_OK[BUCK_UV_OK

Register Types:
RO = Read-Only
RW = Read or Write
RW1C = Read or Write 1 to clear
WO = Write-Only
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0X00. STATUS REGISTER 0:

D7 D6 D5 D4 D3 D2 D1 DO
FF POE_ OK | VCC_OK | VDD _OK | V5P_OK | V5B OK | V5A OK |V5CAN_OK
0 0 0 0 0 0 0 0
Address 00000

Read-only register

Data

FF [D7]: Fault flag. 0 = no fault, 1 = fault

POE OK [D6]: Power-on enable signal matches what ARG81400 is demanding, 0 = fault, 1 = no fault
VCC_OK [D5]: Internal VCC rail is OK, 0 = fault, 1 = no fault

VDD OK [D4]: Internal VDD rail is OK, 0 = fault, 1 = no fault

V5P_OK [D3]: Protected 5V rail is OK, 0 = fault, 1 = no fault

V5B _OK [D2]: 5V rail B is OK, 0 = fault, 1 = no fault

V5A OK [D1]: 5V rail A is OK, 0 = fault, 1 = no fault

V5CAN_OK [DO0]: CAN bus 5V rail is OK, 0 = fault, 1 = no fault

— —_—

0X01. STATUS REGISTER 1:

D7 D6 D5 D4 D3 D2 D1 Do
NPOR OK | WD _F TSD OK | VCP OK | VREG OK | 3V3 OK | BUCK OK
0 0 0 0 0 0 0 0
Address 00001
Read-only register
Data

NPOR_OK [D6]: NPOR signal matches what ARG81400 is demanding, 0 = fault, 1 = no fault
WD _F [D5]: Watchdog is active, 0 = watchdog off or no fault, 1 = watchdog fault

TSD_OK [D4]: Thermal shutdown status, 0 = overtemperature event, 1 = temperature OK
VCP_OK [D3]: Charge pump rail is OK, 0 = fault, 1 = no fault

VREG_OK [D2]: Pre-regulator voltage is OK, 0 = fault, 1 = no fault

3V3 OK [D1]: 3.3 Vrail is OK, 0 = fault, 1 = no fault

BUCK_OK [DO0]: Synchronous buck adjustable rail is OK, 0 = fault, 1 = no fault

42

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

‘ALLEGRO

microsystems



ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

0X02. STATUS REGISTER 2:

D7 D6 D5 D4 D3 D2 D1 DO
CLK_Hi CLK Lo | NPOR_S POE_S ENBATS |WD_state 2| WD_state_1|WD_state 0
0 0 0 0 0 0 0 0
Address 00010

Read-only register

Data

CLK _Hi [D7]: Indicates if watchdog clock input is stuck high, 0 = CLK is not stuck high, 1 = clock is stuck high
CLK Lo [D6]: Indicates if watchdog clock input is stuck low, 0 = CLK is not stuck low, 1 = clock is stuck low

NPOR_S [D5]: Power-on reset internal logic status, 0 = NPOR is low, 1

=NPOR is high

POE_S [D4]: Power-on enable internal logic status, 0 = POE is low, 1 = POE is high
ENBATS [D3]: Battery-enable status, reports the status of the high-voltage enable pin ENBAT on the ARG81400, 0 = ENBAT is

low, 1 = ENBAT is high

WD state x [D2:DO0]: Shows the state that the watchdog is currently in, see table for the different states.

WD_state_2 WD_state_1 WD_state_0 Watchdog State
0 0 0 Idle
0 0 1 Flash
0 1 0 Test Hunt
0 1 1 Test Lock
1 0 0 Test Complete
1 0 1 Running Hunt
1 1 0 Running
1 1 1 Watchdog
0X03. DIAGNOSTIC REGISTER 0:
D7 D6 D5 D4 D3 D2 D1 DO
V5A_0OV V5A_UV | V5CAN_OV | V6CAN_UV | V5P_OV V5P_UV V5B_OV V5B_UV
0 0 0 0 0 0 0 0
Address 00011

Read register, write 1 to clear

Data

V5A OV [D7]: 5 V rail A overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

V5A UV [D6]: 5 V rail A undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred
V5CAN_OV [D5]: 5 V CAN bus rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred
V5CAN _UV [D4]: 5V CAN bus rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

[
V5P OV [D3]:
I

Protected 5 V rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

V5P UV [D2]: Protected 5 V rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

V5B_OV [D1
V5B UV

DO

I:
I:

5 V rail B overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred
5 V rail B undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

microsystems

‘ALLEGRO

43
Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



ARG81400

Multi-Output Regulator with Buck or Buck/Boost Pre-Regulator,
Synchronous Buck, 5x LDO Outputs, Watchdog, and SPI

0X04. DIAGNOSTIC REGISTER 1:

D7 D6 D5 D4 D3 D2 D1 DO
VDD OV | VDD_UV | VREG OV | VREG_UV | 3V3 OV | 3V3 UV | BUCK OV | BUCK UV
0 0 0 0 0 0 0 0

Address 00100
Read register, write 1 to clear
Data

VDD OV [D7]: Internal VDD rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

VDD UV [D6]: Internal VDD rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

VREG_OV [D5]: Pre-regulator voltage rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

VREG UV [D4]: Pre-regulator voltage rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

3V3 OV [D3]: 3.3 V rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

3V3 UV [D2]: 3.3 V rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

BUCK OV [D1]: Synchronous buck adjustable voltage rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred
BUCK UV [DO0]: Synchronous buck adjustable voltage rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

0X05. DIAGNOSTIC REGISTER 2:

D7 D6 D5 D4 D3 D2 D1 DO
LX2 OK | LX1_OK D1_OK VCC UV | vCcP OV | vcP uv
0 0 0 0 0 0 0 0
Address 00101
Read register, write 1 to clear
Data

LX2 OK [D6]: Adjustable synchronous buck switch node is OK, 0 = fault on LX2, 1 = LX2 is working correctly
LX1 OK [DS5]: Pre-regulator switch node is OK, 0 = fault on LX1, 1 = LX1 is working correctly

D1_OK [D4]: Pre-regulator freewheeling diode is OK, 0 = diode is open circuit, 1 = diode is working correctly
VCC_UV [D2]: Internal VCC rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred

VCP_OV [D1]: Charge pump voltage rail overvoltage occurred, 0 = rail OK, 1 = overvoltage occurred

VCP_UV [DO0]: Charge pump voltage rail undervoltage occurred, 0 = rail OK, 1 = undervoltage occurred
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ARG81400

0X06. OUTPUT DISABLE REGISTER:

D7 D6 D5 D4 D3 D2 D1 DO
V5P_DIS1 V5A_DIS1 V5B_DIS1 |V5CAN_DIS1| V5P_DISO V5A_DISO V5B_DISO [V5CAN_DISO
0 0 0 0 0 0 0 0
Address 00110
Read or write register

Data
V5P _DIS [D7:D3]: Disable protected 5 V output, 11 = disabled, x0 = enabled, 0x = enabled
V5A DIS [D6:D2]: Disable 5 V rail A output, 11 = disabled, x0 = enabled, 0x = enabled
V5B DIS [D5:D1]: Disable 5 V rail B output, 11 = disabled, x0 = enabled, 0x = enabled

V5CAN_DIS [D4:D0]: Disable 5 V CAN bus rail, 11 = disabled, x0 = enabled, 0x = enabled;
A watchdog reset is required to re-enable VSCAN if it was disabled.

0X07. WATCHDOG MODE KEY REGISTER:

D7 D6 D5 D4 D3 D2 D1 DO
KEY 7 KEY 6 KEY 5 KEY 4 KEY 3 KEY 2 KEY 1 KEY_ 0
0 0 0 0 0 0 0 0
Address 00111
Write register

Data

KEY [D7:DO0]: Three 8-bit words must be sent in the correct order to enable flash mode or restart the watchdog. If an incorrect
word is received, then the register resets and the first word has to be resent.

Flash Mode Restart
WORD1 0xD3 0xD3
WORD2 0x33 0x33
WORD3 0xCC 0xCD
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0X08. CONFIGURATION REGISTER 0:

D7 D6 D5 D4 D3 D2 D1 DO
WD_PER 1 | WD_PER_0 | WD_MAX_2 | WD_MAX_1 | WD_MAX_0 | WD_MIN_2 | WD_MIN_1 | WD_MIN_O
0 0 0 1 1 0 1 1

Address 01000

Read or write register

Data

WD PER [D7:D6]: 2-bit word to select the nominal incoming watchdog period

WD_PER_1 WD_PER_0 WD_IN_PERIOD (ps)
0 0 250
0 1 500
1 0 1000
1 1 2000

DEFAULT setting

WD MAX [D5:D3]: 3-bit word to adjust the watchdog maximum timer set point

ALLEGRO

microsystems

WD_IN_PERIOD_MAX (Typical)
D_MAX_2 WD_MAX_1 WD_MAX_0

250 500 1000 2000
0 0 0 260.0 520.0 1040 2080
0 0 1 261.5 523.0 1046 2092
0 1 0 263.0 526.0 1052 2104
0 1 1 264.5 529.0 1058 2116 DEFAULT setting
1 0 0 266.0 532.0 1064 2128
1 0 1 267.5 535.0 1070 2140
1 1 0 269.0 538.0 1076 2152
1 1 1 270.5 541.0 1082 2164

WD _MIN [D2:DO0]: 3-bit word to adjust the watchdog minimum timer set point
WD_IN_PERIOD_MIN (Typical)
D_MIN_2 WD_MIN_1 WD_MIN_0

250 500 1000 2000
0 0 0 240.0 480.0 960.0 1920
0 0 1 238.5 477.0 954.0 1908
0 1 0 237.0 474.0 948.0 1896
0 1 1 235.5 471.0 942.0 1884 DEFAULT setting
1 0 0 234.0 468.0 936.0 1872
1 0 1 2325 465.0 930.0 1860
1 1 0 231.0 462.0 924.0 1848
1 1 1 229.5 459.0 918.0 1836
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0X09. CONFIGURATION REGISTER 1:

D7 D6 D5 D4 D3 D2 D1 DO
DITH_DIS | VALID_1 VALID_0 EDGE_1 EDGE_0
0 0 0 0 0 0 0 1
Address 01001

Read or write register

Data

DITH_DIS [D4]: This bit allows the user to disable the dither function for the switching converters, 0 = dither enabled, 1= dither
disabled.

VALID [D3:D2]: 2-bit counter to set the number of counts before a valid watchdog signal is set or reset.

VALID_1 VALID_0 Valid Counts
0 0 2 DEFAULT Setting
0 1 3
1 0 4
1 1 5

EDGE [D1:D0]: 2-bit counter to set the number of edges to count before incrementing the VALID counter. The EDGE value also
sets the minimum and maximum nominal timers. The minimum and maximum timers will be based on the number of edge counts
plus the delta stored in WD_MIN and WD _MAX.

EDGE_1 EDGE_0 Edge Counts
0 0 1
0 1 2 DEFAULT Setting
1 0 3
1 1 4
0XO0A. VERIFY RESULT REGISTER 0:
D7 D6 D5 D4 D3 D2 D1 DO
V5A_OV_OK | V5A_UV_OK [V5CAN_OV_OK|V5CAN_UV_OK| V5P_OV_OK | V5P_UV_OK | V5B_OV_OK | V5B_UV_OK
0 0 0 0 0 0 0 0

Address 01010

Read register, write 1 to clear

Data

V5A OV_OK [D7]: 5V rail A overvoltage self-test passed, 0 = test failed, 1 = test passed
V5A UV _OK [D6]: 5V rail A undervoltage self-test passed, 0 = test failed, 1 = test passed
V5CAN_OV_OK [D5]: 5 V CAN bus rail overvoltage self-test passed, 0 = test failed, 1 = test passed
V5CAN UV _OK [D4]: 5 V CAN bus rail undervoltage self-test passed, 0 = test failed, 1 = test passed
V5P_OV_OK [D3]
V5P _UV_OK [D2]: Protected 5V rail undervoltage self-test passed, 0 = test failed, 1 = test passed
V5B OV_OK [D1]: 5V rail B overvoltage self-test passed, 0 = test failed, 1 = test passed
V5B_UV_OK [DO]:

Protected 5V rail overvoltage self-test passed, 0 = test failed, 1 = test passed

5V rail B undervoltage self-test passed, 0 = test failed, 1 = test passed
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0X0B. VERIFY RESULT REGISTER 1:

D7 D6 D5 D4 D3 D2 D1 DO
BIST_PASS TSD OK |VREG_OV_OK|VREG_UV_OK| 3V3_OV_OK | 3V3_UV_OK |BUCK_OV_OK|BUCK_UV_OK
0 0 0 0 0 0 0 0
Address 01011

Read register, write 1 to clear

Data

BIST PASS [D7]: Self-test status, 0 = self-test failed, 1 = self-test passed

TSD_OK [D6]: Thermal shutdown circuit passed self-test, 0 = test failed, 1 = test passed

VREG_OV_OK [D5]: Pre-regulator voltage rail overvoltage self-test passed, 0 = test failed, 1 = test passed

VREG_UV_OK [D4]: Pre-regulator voltage rail undervoltage self-test passed, 0 = test failed, 1 = test passed

3V3 OV _OK [D3]: 3.3 V rail overvoltage self-test passed, 0 = test failed, 1 = test passed

3V3 UV _OK [D2]: 3.3 V rail undervoltage self-test passed, 0 = test failed, 1 = test passed

BUCK OV _OK [D1]: Synchronous buck adjustable voltage rail overvoltage self-test passed, 0 = test failed, 1 = test passed
BUCK UV_OK [D0]: Synchronous buck adjustable voltage rail undervoltage self-test passed, 0 = test failed, 1 = test passed
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DESIGN AND COMPONENT SELECTION

The following section briefly describes the component selection
procedure for the ARG81400.

Setting up the Pre-Regulator

This section discusses the component selection for the
ARG81400 pre-regulator. It covers the charge pump circuit,
inductor, diodes, boost MOSFET, and input and output capaci-
tors. It will also cover soft-start and loop compensation.

Charge Pump Capacitors

The charge pump requires two capacitors: a 1 pF connected from
pin VCP to VIN and 0.22 pF connected between pins CP1 and CP2
These capacitors should be a high-quality ceramic capacitors, such
as an X5R or X7R, with a voltage rating of at least 16 V.

PWM Switching Frequency

The switching frequency of the ARG81400 is fixed at 2.2 MHz
nominal. The ARG81400 includes a frequency foldback scheme
that starts when Vpy is greater than 18 V. Between 18 V and 36 V,
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
Sy =34~ 75 x Vi (MHz) (1)

\

2 \

\

2.2

14

1.2

Typical Switching Frequency (MHz)

\

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

Figure 9: Typical Switching Frequency
versus Input Voltage

Pre-Regulator Output Inductor (L1)

For peak current mode control, it is well known that the system
will become unstable when the duty cycle is above 50% with-
out adequate Slope Compensation (Sg). However, the slope
compensation in the ARG81400 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 ARG81400’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 com-
pensation can be found in the Electrical Characteristic table, V¢
is the asynchronous diodes forward voltage, S is in A/ps, and L
will be in pH:

(VREG + V) _ . _ 2x(VREG+Vy)

2
SEI SE2 ( )

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 toler-
ance and 20%-30% for inductor saturation.

Due to topology and frequency switching of the ARG81400 pre-
regulator, the inductor ripple current varies with input voltage per
Figure 10 below:

2
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Figure 10: 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), Vinmax is the maximum continuous input voltage, such as
16V, and V. is the asynchronous diode forward voltage.

Sz X (VREG + 1,
Ippxs = 4.6 A— = ( ) 3)

09 ><‘f‘S'W X (I/IN,A/IAX + VF)

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— VREG) x VREG
Al = 4)
Jsw X L1 X Vpy

Viv X Dgoosr
= TTooet 5
Muw= =21 ©

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 (AVqyr) is a function of the output
capacitors parameters: C, ESRcg, ESL¢(.

AVoyr = Al X ESRq +
ur L fe ©)
Viv * Vour
LI
Al

8 X fow x Co

X ESLco +

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

Al

AVREG = ——————
8 X for x Co )

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:

g
AVREG = Al % ESReo + ;; x ESLco )

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, C;, 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 > [VREG,MAXX0'25 (9)
"T0.90 x £, x 50mV

where Iyreg max 1 the maximum current from the pre-regulator,

6.7 * s suck | 55 4 (10)

[VREG,MAX = [L[NEAR + IAUX + V
SYNC _BUCK

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 ARG81400, Igync
suck and Vgyne puck are the output current and voltage of the |
synchronous buck converter.
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A good design should consider the de-bias effect on a ceramic
capacitor—as the applied voltage approaches the rated value, the
capacitance value decreases. The X5R and X7R type capacitors
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.

Buck-Boost Asynchronous Diode (D1)

The highest peak current in the asynchronous diode (D1) occurs
during overload and is limited by the ARG81400. Equation 3 can
be used to calculate this current.

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

Liyg = 0.9 X Iygpgamx

(11)

where Iyrpg max is 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 maxi-
mum duty cycles (approximately 64% and 58%, respectively),

A[BB : AIBB
IQLRMS :’\/DBOOST X[V(IPEAKI - 2/) + 1_2/] (12)

where Al g and Ippa; 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 ARG81400 limits the peak current to the
value calculated using equation (3). The average current is simply
the output current.

Pre-Regulator Soft-Start and Hiccup Mode
Tlmlng (Css1)

The soft-start time of the buck-boost converter is determined by
the value of the capacitance at the soft-start pin, Cqgq;.

If the ARG81400 is starting into a very heavy load, a very fast

soft-start time may cause the regulator to exceed the pulse-by-
pulse overcurrent threshold. This occurs because the total of the
full load current, the inductor ripple current, and the additional
current required to charge the output capacitors (Icg = Cq *
Vour/ tgs) is higher than the pulse-by-pulse current threshold, as
shown in Figure 11.

Output
Capacitor
Current, |,

Figure 11: Output Current (Ico) during Startup

To avoid prematurely triggering hiccup mode the soft start time,
tgg1, should be calculated according to equation 13,

o

ty, = VREG x (13)
ICO

where Vqy is the output voltage, Cg is the output capacitance,
Ico is the amount of current allowed to charge the output capaci-
tance during soft-start (recommend 0.1 A <I-g < 0.3 A). Higher
values of I~ ensure that hiccup mode is not falsely triggered.
Allegro recommends starting the design with an I of 0.1 A and
increasing it only if the soft-start time is too slow.

Then CSS1 can be selected based on equation (14),

ISSIg, < t
Cs31 > % (14)
If a non-standard capacitor value for Cqg; is calculated, the next
larger value should be used.

The voltage at the soft-start pin will start from 0 V and will be
charged by the soft-start current, ISS1g;. However, PWM switch-
ing will not begin instantly because the voltage at the soft-start
pin must rise above the soft-start offset voltage (VSS1gggg). The
soft-start delay (tgg; prray) can be calculated using equation (15),

V8S1 oprs
ISS1gy,

tsstperay = Cssy %

(15)
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When the ARG81400 is in hiccup mode, the soft-start capacitor
sets the hiccup period. During a startup attempt, the soft-start pin
charges the soft-start capacitor with ISS1g; and discharges the
same capacitor with ISS1y;~ between startup attempts.

Pre-Regulator Compensation Components
(RZ! CZ! CP)

Although the ARG81400 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.

ARG81400

COMPx
Cp

1

Rz

Cz

L

Figure 12: ARG81400 Compensation Components

First, we need to select the target crossover frequency for our
final system. While we are switching at over 2 MHz, the cross-
over is governed by the required phase margin. Since we are
using a type Il compensation scheme, we are limited to the
amount of phase we can add. Hence, we select a crossover
frequency, fi, in the region of 55 kHz. The total system phase
will drop off at higher crossover frequencies. The Ry selection is
based on the gain required at the crossover frequency and can be
calculated by the following simplified equation:

1336 x 7w X fo x Cy
27 gMpowsrr X GMipa (16)

The series capacitor, C,, along with the resistor, R, 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 (17) can be used to estimate this
capacitor value.

4
G2 xR, < fi (17)
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 Jsw
2% Cy < ESReg ~ 2 (18)

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 ESR

Cr R (19)

Finally, we take a look at the combined bode plot of both the
control-to-output and the compensated error amp—see the red
curves shown in Figure 13. Careful examination of this plot
shows that the magnitude and phase of the entire system are sim-
ply the sum of the error amp response (blue) and the control to
output response (green). As shown in Figure 13, the bandwidth of
this system (f-) is 50 kHz, the phase margin is 71.5 degrees, and
the gain margin is 30 dB.
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Figure 13: Bode Plot of the Complete System (red curve)
Rz =8.25kQ, C;=2.2 nF, Cp =10 pF
Lo =10 uH, Co =2 x 10 yF Ceramic

Synchronous Buck Component Selection

Similar design methods can be used for the synchronous buck,
however, the complexity of variable input voltage and boost
operation are removed.
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Setting the Output Voltage, RFB1 and RFB2

If the output of the synchronous buck is connected directly to the
FB pin, then the output will be regulated to Vyg or 1.25 V nomi-
nal. The OV pin should also be connected to the output to provide
open feedback protection.

The ARG81400 also allows the user to program the output volt-
age. This is achieved by adding a resistor divider from its output
to ground and connecting the center point to FB, see Figure 14
below.

A second divider, ROV1 and ROV?2, using the same values as
RFBI1 and RFB2 respectively, should be connected to the OV pin
of the ARG81400 as shown in Figure 14.

ARG81400

VSY NC_BUCK

Figure 14: Programing the ARG81400 Synchronous
Buck Output

The resistors can be selected based on the following equation, set
Reps = Royy = 10 kQ. Vgyne puck i the required output voltage.

VSYNC BUCK

=Roy =

X Rppy— Rpp, (20)

FB

Synchronous Buck Output Inductor (L2)

Equation 21 can be used to calculate a range of values for the out-
put inductor for the synchronous buck regulator. In equation 21,
slope compensation Sg, be found in the electrical characteristic
table.

VS YNC BUCK

SEZ

<2< 2 X Vsyve puck @1
SEZ
If equation (21) 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 toler-
ance and 20%-30% for inductor saturation.

0.25

\
|

0.2

0.15

0.1

Inductor Peak Current (A)

0.05

e==\/SYNC_BUCK=1.3 V

e==\/SYNC_BUCK=3.3 V
0 + +

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

Figure 15: Typical Peak Inductor Current versus Input Volt-
age for 0.18 A Output Current and 10 pH Inductor

The inductor should not saturate given the peak current at over-
load according to equation 22. The synchronous buck uses the
same switching frequency, fgy, as the pre-regulator.

Se2 X Vsyne puck

Treue = 24 A= 5 = VREG

(22)

After an inductor is chosen, it should be tested during output
short-circuit conditions. The inductor current should be moni-
tored 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.

Once inductor value is known the ripple current can be calcu-

lated:

A] — (VREG— VSYNCfBUCK) X VSYNCfSYNC
L2 Fow X L2 X VREG

(23)

Synchronous Buck Output Capacitors

Similar criteria as the pre-regulator can be used in selecting the
output capacitors. Ceramic output capacitors should be used so
for a given output voltage ripple the minimum output capacitor
value can be calculated using equation (24).

Al

C,>
0= 8 X fop X AVsyve uck

24
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Synchronous Buck Compensation Components

Again, similar techniques as used with the pre-regulator can be
used to compensate the synchronous buck.

For the synchronous buck, we select a crossover frequency, fc.,
in the region of 50 kHz. The Ry selection is based on the gain
required at the crossover frequency, and can be calculated by the
following simplified equation:

Vswve suck % 2w X fo X Co

Vg % gMpowera X &M

R, = (25)

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 (26) can be used to estimate this
capacitor value

4

Cz>27rXRZ><fC

(26)

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 Jsw

27 % Cy X ESRey 2 27

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 ESR

(28)

Finally, we take a look at the combined bode plot of both the
control-to-output and the compensated error amp—see the red
curves shown in Figure 16. The bandwidth of this system (f-) is
51 kHz, the phase margin is 75°, and the gain margin is > 30 dB.
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Figure 16: Bode Plot of the Complete System (red curve)
R;=2.74 kQ, C; = 4.7 nF, Cp =10 pF
Lo =10 pH, Co = 10 uF Ceramic

Synchronous Buck Soft-Start and Hiccup
Mode Timing

The soft-start time of the synchronous buck is determined by the
value of the capacitance at the soft-start pin, Cggp.

If the ARG81400 is starting into a very heavy load, a very fast
soft-start time may cause the regulator to exceed the pulse-by-
pulse overcurrent threshold. To avoid prematurely triggering hic-
cup mode, the soft-start time, tgq,, should be calculated according
to equation (29),

[

ICO

tss» = Vewne puck * (29)
Where Vgyne guck 18 the output voltage, C, is the output
capacitance, I, is the amount of current allowed to charge the
output capacitance during soft-start (recommend 20 mA < Iq <
30 mA). Higher values of I result in faster soft-start time and
lower values of I~ ensure that hiccup mode is not falsely trig-
gered. We recommend starting the design with an I~ of 20 mA
and increasing it only if the soft-start time is too slow.

Then Cqg, can be selected based on equation (30),

[SSZSU X tSSl

8552 > 08 (30)

If a non-standard capacitor value for Cqg, is calculated, the next
larger value should be used.

The voltage at the soft-start pin will start from 0 V and will be
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charged by the soft-start current, ISS2g;. However, PWM switch-
ing will not begin instantly because the voltage at the soft-start
pin must rise above the soft-start offset voltage (VSS2npgg). The
soft start delay (tss» peray) can be calculated using equation (31),

VSS2
tssoppray = Cssz % ISS;:,FS (31

When the ARG81400 is in hiccup mode, the soft-start capacitor
sets the hiccup period. During a startup attempt, the soft-start pin
charges the soft-start capacitor with ISS2¢; and discharges the
same capacitor with ISS2;~ between startup attempts.

Linear Regulators

The five linear regulators only require an ceramic capacitor to
ensure stable operation. The capacitor can be any value between
1 and 15 pF. A 2.2 uF capacitor per regulator is recommended.

Also, since the V5P is used to power remote circuitry, its load can
include long cables. The inductance of these cables may cause
negative spikes on the V5P pin if a short occurs. It is recom-
mended to use a small diode to clamp this negative spike. A
MSS1P5 is recommended.

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, ENBATS, FFn, POE, DIAG)

The ARG81400 has many signal level pins. The NPOR, FFn,
and ENBATS are open-drain outputs and require external pull-up
resistors. The DIAG and POE signals are push-pull outputs and
do not require external pull-up resistors.
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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 input ceramic capacitors, ARG81400 VIN and
LX1, and asynchronous diode (D1), must be routed on one layer.
This loop should be as small as possible, see below. The snub-
ber (RN1 and CN1) should be placed close to D1. A single star
point ground connected to the ground plane using multiple vias is
recommended.

15 _13:1 L.‘(l‘ 10

D1
S83P4

The pre-regulator output inductor (L1) should be located close to
the LX1 pins. The LX1 trace widths (to L1, D1) should be rela-
tively 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.

31

VREG

The synchronous buck output inductor should be located near
the LX2 pins. The trace from the LX2 pins to the output inductor
(L2) should be relatively wide and preferably on the same layer
as the IC.

The two synchronous buck feedback resistors (RFB1, RFB2)
must be located near the FB pin. The output capacitors should be
located near the load. The output voltage sense trace (to RFB1)
must connect at the load for the best regulation, trace A in figure
below goes to load.
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The two charge pump capacitors must be placed as close as pos- COMP? 22
sible to VCP and CP1/CP2.

¥4

’z".ﬁk‘ f'&’p?lc_L
i g

The ceramic capacitors for the LDOs (3V3, V5A, V5B, V5P, and
V5CAN) must be placed near their output pins. The V5P output
must have a 1 A /40 V Schottky diode (D3) located very close to
its pin to limit negative voltages.

-
-
-
-

The thermal pad under the ARG81400 must connect to the
ground plane(s) with multiple vias.

The VCC bypass capacitor must be placed very close to the VCC GO0
2
The COMP network for both buck regulators (CZx, RZx, CPx) 888
must be located very close to the COMPx pin. 500
QO

COMP1
sS1 8 4
000
VEE T
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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 anode to Q1 source.
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INPUT/OUTPUT STRUCTURES (to be confirmed)

FFn, DIAG, NPOR, 3V3, V5A, V5B, V5CAN, VCP, CP1, CP2
VREG, ENB, ENBAT, ENBATS, FB, OV, o1
COMP1, COMP2, SS1, SS2, WD_IN,
nERROR, VCC, LG, POE ‘ =

P|
VCP
9V
58V

LX2 LX1

_H_‘ —H—< VIN

} 52V AN J E'

L

2
»f

e TF Lpgy T,
H

SDO VDD SDI, SCK
VDD
500
SDO
9V
STRn Input V5P AGND, PGND

VDD VDD

>
+—i—

AGND PGND
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PACKAGE OUTLINE DRAWING

For Reference Only — Not for Tooling Use
(Reference 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
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All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary
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)

Figure 30: Package LV, 38-Pin eTSSOP
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Revision History

Number Date Description
- March 23, 2017 Initial Release
1 June 22 2017 Corrected Description (page 1), revised A2-SIL™ status to pending (page 1), and updated
’ Synchronous Buck UV Thresholds (page 15).
2 January 3, 2018 Updated Selection Guide table (page 2).
3 March 20, 2018 Revised A2-SIL™ status to compliant (page 1).
4 February 11, 2019 Minor editorial updates
5 April 24, 2019 Updated Functional Block Diagrams (page 6), Figure 13 (page 52), and Figure 16 (page 54).
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