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MicroSystems, LLC

A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

FEATURES AND BENEFITS

* Automotive AEC-Q100 qualified

» 2.8to0 36 V| operating range, 40 Vyy maximum

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

* Adjustable PWM switching frequency: 250 kHz to 2.4 MHz

* PWM frequency can be synchronized to external clock

* Adjustable synchronous buck regulator (1.25 Vyoum)

* 3.3V (3V3)and 5V (V)) internal LDO regulators with
foldback short-circuit protections

e 5V (V5P) internal tracking LDO regulator with foldback
short-circuit and short-to-battery protections

* TRACK sets either 3V3 or V5 as the reference for V5P

* Power-on reset (NPOR) with fixed delay of 15 ms

* Programmable watchdog timer with activation delay

» Active-low watchdog timer enable pin (WDgy;,)

 Dual bandgaps for increased reliability: BGyrgr, BGpaurt

* MODE pin sets the NPOR undervoltage threshold for V5
and V5P

* Fixed POK5V undervoltage threshold for V5 and V5P

* Logic enable input (ENB) for microprocessor control

» Two ignition enable inputs (ENBAT1 and ENBAT?2)

Continued on next page...

APPLICATIONS

o Electronic Power Steering (EPS)

0 Transmission Control Units (TCU)
0 Advanced Braking Systems (ABS)
0 Emissions Control Modules

o Other automotive applications

PACKAGE: 38-Pin eTSSOP (suffix LV)

Not to scale

DESCRIPTION

The A4408 is power management IC that uses a buck or
buck-boost pre-regulator to efficiently convert automotive
battery voltages into a tightly regulated intermediate voltage,
complete with control, diagnostics, and protections. The
output of the pre-regulator supplies a 5 V/115 mAyax
tracking/protected LDO, a 3.3 V/165 mAy,x LDO, a
5V/325mAyax LDO, and an adjustable output synchronous
buck regulator (1.25 Vyp/ 700 mApc). Designed to supply
CAN or microprocessor power supplies in high-temperature
environments, the A4408 is ideal for underhood applications.

Enable inputs to the A4408 include a logic-level (ENB) and
two high-voltage (ENBAT1 and ENBAT?2) inputs. The A4408
provides flexibility by including a TRACK pin to set the
reference of the tracking regulator to either the 5 Vorthe 3.3V
output, so the A4408 can be adapted across multiple platforms
with different sensors and supply rails. The MODE pin selects
the NPOR undervoltage threshold for the V5 and V5P outputs.

Diagnostic outputs from the A4408 include a power-on-reset
output (NPOR). POKS5V indicates the status of the 5 V and
5 Vprotected LDOs. Fault Flag 0 (FF0) and Fault Flag 1 (FF1)
retain the last fault to reset the microcontroller. Dual bandgaps,
one for regulation and one for fault checking, improve long-
term reliability of the A4408.

The A4408 contains a watchdog timer that can be programmed
to accept a wide range of clock frequencies (WD ,py). The
watchdog timer has a fixed activation delay to accommodate
processor startup. The watchdog timer has an enable/disable pin
(active low, WDgy,,) to facilitate initial factory programming
or field reflash programming.

Protection features include under- and overvoltage lockout on
all four CPU supply rails. In case of a shorted output, all linear
regulators feature foldback overcurrent protection. In addition,

Continued on next page...
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Figure 1: A4408 Simplified Block Diagram
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

FEATURES AND BENEFITS (continued)

* FFO, FF1 Fault Flags—Iast microcontroller RESET indicators

» Slew rate control pin helps reduce EMI/EMC
* Frequency dithering helps reduce EMI/EMC

* Overvoltage and undervoltage protection for all four CPU

supply rails

* Pin-to-pin and pin-to-ground tolerant at every pin
* Thermal shutdown protection
* —40°C to 150°C junction temperature range

SELECTION GUIDE

DESCRIPTION (continued)

the V5P output is protected from a short-to-battery event. Both
switching regulators include pulse-by-pulse current limit, hiccup
mode short-circuit protection, LX short-circuit protection, missing
asynchronous diode protection (VREG), and thermal shutdown.

The A4408 is supplied in a low profile (1.2 mm maximum height)
38-lead eTSSOP package (suffix “LV”) with exposed thermal pad.

Part Number

Package

Packing [1] Lead Frame

A4408KLVTR-T

38-pin eTSSOP with thermal pad

4000 pieces per 7-inch reel 100% matte tin

1 Contact Allegro for additional packing options.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS [2]

Characteristic Symbol Notes Rating Unit

VIN VuiN -0.3t0 40 \Y

With current limiting resistor 3] -13 to 40 \Y

ENBAT1, ENBAT2 Venaarc -03t08 v
lEnBATX 75 mA

-0.3to Vyy+0.3 \Y

LX1, SLEW t <250 ns -1.5 \Y

t<50ns Vynt 3V \Y

VCP, CP1, CP2 -0.3to 50 \Y

V5P Vysp Independent of Vy,y -1t0 40 \

All other pins -0.3to7 \%

Junction Temperature T, -40 to 150 °C

Storage Temperature Range Tsig -40 to 150 °C

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

3 The higher ENBAT1 and ENBAT2 ratings (—13 V and 40 V) are measured at node “A” in the following circuit configuration:

Node "“A”

VEN

ENBATX

A4408

GND

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

Characteristic Symbol Test Conditions [4] Value | Unit
Junction to Pad Thermal Resistance Reauc eTSSOP-38 (LV) Package 30 °C/wW
4 Additional thermal information available on the Allegro website.
Allegro MicroSystems, LLC 2
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1
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Figure 2: Functional Block Diagram/Typical Schematic
Buck-Boost Mode (fosc =2 MHz)

1 For optimal no-load operation.
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1
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Figure 3: Functional Block Diagram Modifications for Buck Only Mode, fogc =2 MHz
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Figure 4: Thermal Derating for Buck-Boost Operation Down to 3 V
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ver [1] 38] cp2 Terminal List Table
VIN [2] [37] cP1 Number | Name Function
VIN [3] [36] LX1 1 VCP Charge pump reservoir capacitor
GND [4] bbb [35] Lx1 2,3 VIN Input voltage
MODE [B] | ' [ stew 4,9 GND | Ground
|
vee[s] I [33]Le 5 MODE | Sets UV threshold for V5/V5P in NPOR logic. MODE pin does not affect
SS9 E : : zl VREG Eor}‘l(srzl/Ptgr;Shold GII\ID/IOW;NPORUV is set h|gh at VV5X(UV,L1)' Open/
! igh— is set low at .
comp1 [E] " : 31 vs ¢] uv V5x(UV,L2)
: | 6 VCC Internal voltage regulator bypass capacitor pin
eno[o] 1 [30] Lx2
| ! 7 SS1 Soft-start programming pin for buck-boost pre-regulator
TRACK[10] | PaD | [29] Lx2
NPOR [Ti] I \ 5] PonD 8 COMP1 | Error amplifier compensation network pin for buck-boost pre-regulator
|
! : 10 TRACK | Tracking control: Open/High — V5P tracks 3V3, GND/Low — V5P tracks V5
Poksv [12] ! 1 [27] PeND
: ! 1" NPOR Active-low, open-drain regulator fault detection output
FFo[13] I [26] comp2
| ! 12 POK5V | Power OK output indicating when either V5 or V5P rail is undervoltage
FF1[14] ' [25] 1V25/FBapy ;
| ! (UV). POK5Vyy, threshold is always at Vysypok L)-
FSET/SYNC [15] : : 24] ss2 13, 14 FFO, FF1 | Open-drain, latched Fault Flag (FFx) outputs indicate last type of fault
ENBAT1 [16] i 23] vsP to reset microcontroller. FFO and FF1 bits are only valid if NPOR has
first transitioned high. FFO and FF1 latches are reset when all A4408
ENBATZ [17] 22] WDenn enable inputs are low and soft-start voltages have decayed below reset
ENB [18] [21] WD, thresholds. See Table 2 for more details.
3vs [19] [20] WD 15 FSET/ | Frequency setting and synchronization input
SYNC
Package LV, 38-Pin eTSSOP 16 ENBAT1 | Ignition enable input from key/switch via 1 kQ of resistance
Pinout Diagram 17 ENBAT2 | Ignition enable input from key/switch via 1 kQ of resistance
18 ENB Logic enable input from microcontroller
19 3V3 3.3 V regulator output
20 WDIN Watchdog refresh input (rising edge triggered) from microcontroller or
DSP
21 WDADJ | Watchdog wait/delay time is programmed by connecting Rpp, from this
pin to ground
22 WDENnN | Watchdog enable pin: Open/Low — WD is enabled, High — WD is disabled
23 V5P 5V tracking/protected regulator output
24 SS2 Soft-start programming pin for adjustable synchronous buck regulator
25 1v25/ Feedback pin for 1.25 V (or adjustable) synchronous buck regulator
FBadj
26 COMP2 | Error amplifier compensation network pin for 1.25 V synchronous
regulator
27,28 PGND Power ground for adjustable synchronous regulator and its gate driver
29, 30 LX2 Switching node for adjustable synchronous buck regulator
31 V5 5V regulator output
32 VREG Output of buck-boost and input for LDOs and adjustable synchronous
buck regulator
33 LG Boost gate drive output for buck-boost pre-regulator
34 SLEW Slew rate adjustment for rise time of LX1
35, 36 LX1 Switching node for buck-boost pre-regulator

37,38 CP1, CP2 | Charge pump capacitor connections

- PAD Exposed thermal pad
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Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

A4408

ELECTRICAL CHARACTERISTICS — BUCK AND BUCK-BOOST PRE-REGULATORI]:
Valid at 3.6 V21 < V,,,y <36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. | Typ. Max. Unit
GENERAL SPECIFICATIONS
After VV|N > VV|N(START)’ and VENB >2Vor
. Vengatx > 3.5V, Buck-Boost Mode 28 135 36 v
Operating Input Voltage Vyin
After VV|N > VV|N(START)’ and VENB >2Vor 57 13.5 36 v
VENBATX >3.5 V, Buck Mode : ’
VIN UVLO START Voltage VVIN(START) Vy\ rising 5.1 54 5.7 \Y
VIN UVLO STOP Voltage VV|N(STOP) VV|N falllng 2.53 2.64 2.78 \Y
VIN UVLO HyStereSiS VV|N(HYS) VV|N(START) - VV|N(STOP) - 2.7 - \Y%
| Vyin = 13.5V, Vengary 2 3.6 V or _ 13 _ mA
) Q Veng 22V, Vyreg = 5.6 V (no PWM)
Supply Quiescent Current[1]
| Vyin = 13.5V, Vengarx £ 2.2 V and 10 A
Q(SLEEP) Veng 0.8V - - M
PWM SWITCHING FREQUENCY AND DITHERING
ReseT = 8.66 kQ 1.8 2.0 22 MHz
Oscillator Frequency fosc Reser = 19.1 kQ Bl - 1.0 - MHz
Rrser = 52.3 kQ Bl 343 400 457 kHz
VVREG >27 V, VV|N rising, fOSC — fosclz 18.7 19.5 20.3 \Y
PWM Switching Frequency ¢ VReg > 2.7 V, Vy falling, fosc/2 — fosc - 18.5 - \
Foldback Thresholds W VReG > 2.7V, Vy rising, fosc/2 — fosc - 7.5 - v
VREG >27 V, VV|N falling, fOSC — fosc/z 6.7 7.0 7.4 \Y
Frequency Dithering Afosc As a percent of fog¢ - 12 - %
Dither/Slew Start Threshold ViNDs,0N) 8.5 9.0 9.5 \Y
Dither/Slew Stop Threshold ViN(DS,0FF) 7.8 8.3 8.8 \
VIN Dithering/Slew Hysteresis VIN(DS,HYS) - 700 - mV
CHARGE PUMP (VCP)
Vvep = Vi Vuin = 13.5V, Vygeg = 5.5V,
IVCP =6.5 mA, VCOMP1 = VCOMP2 =0 V, 41 6.6 - \Y
VENB =33V
Output Voltage Vyep
Vvep — Vi Vyin = 6.5V, Vygeg = 5.5V,
IVCP =6.5 mA, VCOMP1 = VCOMPZ =0 V, 3.6 4.4 - \Y
VENB =33V
Switching Frequency fswicp) - 65 - kHz
VCC PIN VOLTAGE
Output VOItage VVCC VVREG =535V - 4.65 - \%
THERMAL PROTECTION
Thermal Shutdown Threshold [3] Trsp T, rising 155 170 185 °C
Thermal Shutdown Hysteresis [3] Thyvs - 20 - °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).

2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Vyep = Vyin > Vepuvhy @nd Vyree > Vvreguv,hy are satisfied before Vyy is reduced.
3 Ensured by design and characterization, not production tested.

Continued on next page...
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — BUCK AND BUCK-BOOST PRE-REGULATOR (continued) [11:
Valid at 3.6 VI21 < V,;y < 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<lpec<125A | 525 | 535 | 545 | v
PULSE-WIDTH MODULATION (PWM)
PWM Ramp Offset Vewmiorrs | Yeomps for 0% duty cycle - 400 - mV
VV|N = 1_35 V, 10% to 90%, IVREG =1 A, _ 0.9 _ Vins
N Rsiew = 22.1 kQ
LX1 Rising Slew Rate Control [3] LX1rise - -
VV|N = 135 V, 10% to 90 /D, IVREG =1 A, _ 0.3 _ Vins
RgLew = 150 kQ
LX1 Falling Slew Rate [3] LXTearr | Vuin = 135V, 90% to 10%, lyreg = 1A - 15 - Vins
Buck Minimum On-Time tON(MlN,BUCK) - 85 160 ns
Buck Maximum Duty Cycle Duaxuck) - 100 - %
. Duingsm) B! | After Vyiy > VyingsTart) Vvin = 65V - 20 - %
Boost Duty Cycle (LG Pin) b Aftor Ve > V. Vo —35v = o1 P %
MAX(BST) er Vyin VIN(START)> VVIN = - o
COMP1 to LX1 Current Gain IMpowWER1 - 4.5 - ANV
_ fosc =2 MHz 1.04 1.48 1.92 Alus
Slope Compensation & Set fosc =400 kHz 0.22 0.33 0.44 Alus
0osCc = : : .
INTERNAL MOSFET
Vyn = 135V, T, = —40°C B, Ipg = 0.1 A - 50 65 mQ
MOSFET On-Resistance Roson | Vyin=13.5V, T;=25°C 4, Ipg = 0.1A - 75 90 mQ
Vyn = 13.5V, T, = 150°C, Ipg = 0.1A - 150 180 mQ
Vengarc S 2.2V and Veng 0.8V, Viyy =0V, B ~ 10 A
Vi = 16 V, =40°C < T, < 85°C 4] H
MOSFET Leakage FeTuke) [ <22V and Veyg < 0.8V, Vi, =0 V.
ENBéTx =& - ENB = PN LX1 ’ _ 50 150 pA
Vyi = 16 V, =40°C < T, < 150°C
ERROR AMPLIFIER
Open-Loop Voltage Gain 3] AyoL1 - 60 - dB
Vggq =750 mV 550 750 950 ANV
Transconductance IMEA1 Vorr = 500 mY 975 375 500 AN
ss1 =
Output Current lEA1 - 175 - HA
Maximum Output Voltage VEA1(VO,max) 1.3 1.7 21 \
Minimum Output Voltage VEA1(VO,min) - - 300 mV
. HICCUP1 = 1 or FAULT1 = 1 or Vegngary £ 2.2V B B
COMP1 Pull-Down Resistance Rcomp1 and Vg < 0.8 V, latched until Vsg; < Vest(gsn) 1 kQ

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).

2 The lowest operating voltage is only valid if the conditions Vyy > VyinsTarT) @nd Ve = Vyin > Vepuvn) @nd Vyres > Vvreguv,h) are satisfied before Vyy is reduced.

3 Ensured by design and characterization, not production tested.

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

Continued on next page...
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — BUCK AND BUCK-BOOST PRE-REGULATOR (continued) []:
Valid at 3.6V < Vy,y < 36 VI2], -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. Unit
BOOST MOSFET (LG) GATE DRIVER
LG High Output Voltage ViGon) Vyin =6V, Vygeg =5.35V 4.6 - 55 \
LG Low Output Voltage Vicorr | Vuin = 135V, Vypeg = 5.35 V - 0.2 0.4 v
LG Source Current 1 lL(oN) Vyn=6V,Vyreg =535V, V| g =1V - -300 - mA
LG Sink Current ! Loorr) | Vum =135V, Vyrea =535V, Vg =1V - 150 - mA
SOFT-START
SS1 Offset Voltage Vssiorrs) | Vss1 rising due to Issq(su) - 400 - mV
SS1 Fault/Hiccup Reset Voltage Vssi(rsT) \O’FS\S;E Li:::f’ sd;fzti’/ ::]%CVL;S; < glé’:/FAum =1 140 200 275 mv
SS1 Startup (Source) Current Iss1(su) Vgsgq =1V, HICCUP1 = FAULT1 =0 -10 -20 -30 pA
SS1 Hiccup (Sink) Current lssiic) | Vsst = 0.5 V, HICCUPT = 1 5 10 15 uA
SS1 Delay Time tssioryy | Csst =22 nF - 440 - us
S§S1 Ramp Time tss1 Css1=22nF - 880 - us
$S1 Pull-Down Resistance Repss) \':/'::1"11\/:811 or IC disabled, latched unti - 3 - kQ
(RST)
0V <Vygeg < 1.3 Vryp, Veompt = VEATVO(max) - fosc/8 - -
SS1 PWM Frequency Foldback fow1(ss) 07 = Yvnea = 13 Yrvm Yoouet < Vearvorman - loso - -
1.3 Vryp < Vygreg < 2.7 Vryp - fosc/2 - -
Vvres > 2.7 Vrvp - fosc - -
HICCUP MODE
Vsst > Viicieny Vvree < 1.3 Vrve Veowe = _ 30 _ PWM
Hiccup1 OCP PWM Counts thct(oce) Veatvomay oveles
Vss1 > Vyicieny Vvres > 1-3 Vrvp Veowe = _ 120 _ PWM
VEA1VO(max) cycles
CURRENT PROTECTIONS
Pulse-by-Pulse Current Limit ILiM1 ton,min) Vi =70 V. fon = tongumy 41 46 > A
Vi > 7.0V, ton = tongiy 25 2.8 3.3 A
LX1 Short-Circuit Current Limit ILmxy Latched fault 6.0 7.0 - A
MISSING ASYNCHRONOUS DIODE (D1) PROTECTION
Detection Level Vp(oPEN) -1.9 -1.5 -1.0 \Y
Time Filtering [3! tooPEN) 50 - 250 ns

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).

2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Vyep = Vyin > Vepuvny @nd Vyree > Vvreguv,hy are satisfied before Vyy is reduced.

3 Ensured by design and characterization, not production tested.
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — ADJUSTABLE SYNCHRONOUS BUCK REGULATORU!!I:
Valid at 3.6 VI[21 < V,;y < 36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions Min. | Typ. | Max. | unit
FEEDBACK REFERENCE VOLTAGE
Feedback Voltage Accuracy | Viv25/FBadj | 50 MA < l4y05 < 700 mA 1.23 | 1.25 | 1.27 | \
PULSE-WIDTH MODULATION (PWM)
PWM Ramp Offset VPWMZ(OFFS) VCOMP2 for 0% duty Cycle - 350 - mV
High-Side MOSFET Minimum On-Time tonminy - 65 105 ns
High-Side MOSFET Minimum O-Time | topruuny | poc o Mo (012! gate drivernon-overiap - 100 125 ns
» INo
Gate Driver Non-Overlap Time [l tno - 15 - ns
COMP2 to LX2 Current Gain 9MpowER?2 - 3.7 - AN
_ fosc =2 MHz 0.45 0.63 0.81 Alps
Slope Compensation [3] Sk —
fosc =400 kHz 0.12 0.14 0.19 Alus
INTERNAL MOSFETS
o . Tp=25°C [, Ipg = 100 mA - 200 235 mQ
High-Side MOSFET On-Resistance Rpson(Hs)
Ips = 100 mA - - 400 mQ
LX2 Node Rise/Fall Time [3] tR/F(LXZ) VVREG =55V - 12 - ns
Vengarc < 2.2V and Veng 0.8V, V iy, =0V, ~ ~ ) A
o Vyreg = 5.5V, -40°C < T, < 85°C 4] H
ngh-Slde MOSFET Leakage [2] IDSS(HS) < < _
VENBATX <2.2Vand VENB <0.8 V, VLX2 =0 V, _ 3 15 HA
VVREG =55 V, -40°C < TJ <150°C
_ . Tp=25°C [, Ipg = 100 mA - 55 65 mQ
Low-Side MOSFET On-Resistance Rpson(Ls)
Ips = 100 mA - - 110 mQ
Vensar S 2.2V and Veng 0.8V, Viyo =55V, ~ ~ ] A
. —40°C<T,;<85CHl y
Low-Side MOSFET Leakage [2] IDSS (LS) < < _
Vengarx € 2.2V and Veng 0.8V, Viyp =55V, ~ 8 25 uA
-40°C <T; < 150°C
ERROR AMPLIFIER
Feedback Input Bias Current 21 l1v25/FBA; YCOMPZ_zooAS V. Veg(apy) regulated so that - ~150 -350 nA
comp2 =
Open-Loop Voltage Gain [3] Aol - 60 - dB
ICOMPZ =0 UA, VSSZ > 500 mV 515 900 1350 HAN
Transconductance IMEepo
0V <Vggy <500 mV - 250 - pANV
Source and Sink Current lEa2 Veompz =15V - 150 - HA
Maximum Output Voltage VEA2VO(max) 1.00 1.25 1.50 \
Minimum Output Voltage VEA2vO(min) - - 150 mV
HICCUP2 =1 or FAULT2 =1 or
COMP?2 Pull-Down Resistance Rcomp2 Vengatx £ 2.2 V and Vgyg < 0.8V, latched until - 1.5 - kQ
Vss2 < VssarsT)

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).

2 The lowest operating voltage is only valid if the conditions Vyy > VyinstarT) @nd Vyep = Vuin > Vepuvny @nd Vyres > Vvresuv,n are satisfied before Vyy is reduced.
3 Ensured by design and characterization, not production tested.
4 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

Continued on next page...
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — ADJUSTABLE SYNCHRONOUS BUCK REGULATOR!'] (continued):
Valid at 3.6 VI21 < V,;y < 36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. | Unit
SOFT-START
SS2 Offset Voltage VSSz(OFFS) Vssz rising due to Issz(su) 120 200 270 mV
. Vgso falling due to HICCUP2 = 1 or FAULT2 =1 B
SS2 Fault/Hiccup Reset Voltage Vssa(rsT) or Vengar, < 2.2 V and Veyg < 0.8 V 100 120 mV
SS2 Startup (Source) Current Issa(su) Vggso =1V, HICCUP2 = FAULT2 =0 -10 -20 -30 PA
SS2 Hiccup (Sink) Current IssaHic) Vggp = 0.5V, HICCUP2 =1 5 10 20 WA
SS2to V1vz5 Delay Time tSSZ(DLY) CSSZ =10 nF - 100 - VS
V1vz5 Ramp Time tssz Css2 =10 nF - 600 - us
} . FAULT2 =1 or Vgngarx € 2.2 V and B B
SS2 Pull-Down Resistance Rpp(ss2) Veng < 0.8V, latched until Vg, < Vssags) 2 kQ
VivosiFaad] < 450 mVyyp - fosc/4 - -
SS2 PWM FreqUenCy Foldback fswz(ss) 450 mVTYP < V1V25/FBadj <780 mVTyp - fosclz - -
Viv2s/FBadj > 780 mMVyyp - fosc - -
HICCUP MODE
Hiccup2 OCP Enable Threshold Vhicoen) | Vsse rising - 23 - \
PWM
Vss2 > Vhicoeny VivesiFsadj < 450 mVyyp - 30 - cycles
HiCCUp2 OCP Counts tH|C2(OCP) PWM
Vss2 > VhicaEny VivesFead > 450 mVryp - 120 - cycles
CURRENT PROTECTIONS
High-Side MOSFET Pulse-by-Pulse _ ro
Current Limit |L|M2(5%) Duty CyCIe =5% 1.8 2.1 2.7 A
Low-Side MOSFET Reverse
ILim2es) - 500 - mA

Current Limit

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).

2 The lowest operating voltage is only valid if the conditions Vi > ViyinsTarT) @nd Ve = Vyin > Vepuvny @nd Vyres > Vvreguv,n) are satisfied before Vyy is reduced.

3 Ensured by design and characterization, not production tested.

4 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS - V5 and V5P LINEAR REGULATOR (LDO) [I:
Valid at 3.6 VI[21 <V, < 36 V, =40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic |  symbol | Test Conditions | Win. Typ. Max. Unit
V5 AND V5P LINEAR REGULATORS
V5 Accuracy and Load Regulation Vys 10 mA < ly5 <325 mA, Vyrgg = 5.25V 4.9 5.0 5.1 \Y
V5 Output Capacitance [3] Cour(vs) 1.0 - 22 uF
V5P Accuracy and Load Regulation Vysp 10 mA<lysp < 115 mMA, Vygeg =5.25V 4.9 5.0 5.1 V
V5P Output Capacitance [3] Cout(vsp) 1.5 22 41 uF
Vycp = 8.60 V, TRACK = 1, ly5 = 265 mA,
VV5x(M|N1) Ivsp =35 mA, |3v3 =75 mA, |1vz5 =250 mA 4.82 _ _ v
(5.5Vgar) | 1) Ta=150°C, Vyy =5.26 V, Vygeg = 5.14 V :
V5 and V5P Minimum Output 2) To=-40°C B, Vyy = 5.04 V, Vyggg = 4.97 V
Voltage, Buck Only Mode [%] Vyep = 7.70 V, TRACK = 1, ly5 = 265 mA,
Vysx(MiN2) lysp = 35 MA, l3y3 =75 MA, l1yo5 = 250 mA

(45 VBAT) 1) TA = 150°C, VVIN =4.26 V, VVREG =414V 3.65 - - \Vi

2) Ty = —40°C B, Vi = 4.04 V, Vye = 3.97 V
VV|N =28 V, VVREG =525 V, VVCP 275 V1

V5 and V5P Minimum Output

Voltage, Buck-Boost Mode [314] Vusx(MiNg) ;2555’1(;0 1rr,1k/,5| 1=v§51(=) ?(Q) I!%/ZP =10 mA, 4.82 4.90 - \
V5P TRACKING
V5P/3V3 Tracking Ratio Vysp + Vavs 1508 | 1515 | 1523 -
V5P/3V3 Tracking Accuracy TRACKay3 |33\>/3 N }e::*:fésmVATRACK =1 -05 - +0.5 %
V5P/V/5 Tracking Accuracy TRACKys ﬁ/:’PV: TV\S’V;’ ;55£AV' TRACK =0, 25 - +25 mv
V5P OVERCURRENT PROTECTION
V5P Current Limit (1 lmwse) | Vwsp =5V 210 285 - mA
V5P Foldback Current [1] IFgK(vsP) Vysp =0V -30 -60 -90 mA
V5 OVERCURRENT PROTECTION
V5 Current Limit [1] ILimvs) Vys =5V -420 -500 - mA
V5 Foldback Current [] IreK(vs) Vys =0V -40 =75 -180 mA
V5P AND V5 STARTUP TIMING
V5P Startup Time [ tsuvsp) | Cvsp < 2.9 uF, Load = 45 Q £5% (110 mA) _ 175 565 us
V5 Startup Time 3] tsuvs) Cys5<2.9 yF, Load = 16 Q +5% (310 mA) - 150 530 us

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

2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Ve = Vyin > Vepuvny @nd Vyres > Vvreguv,n) are satisfied before Vyy is reduced.

3 Ensured by design and characterization, not production tested.

4 See B/B schematic, CP helper circuit required when Vy, < 6 V.
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS - 3V3 LDO and CONTROL INPUTS [11:
Valid at 3.6 VI[21 < V,;y < 36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
3V3 LINEAR REGULATORS
3V3 Accuracy and Load Regulation Vayvs 10 mA < I3y3 < 165 mA, Vyreg = 5.25V 3.23 3.30 3.37 \
3V3 Output Capacitance 3] Coutava) 1.0 - 22 uF
Vycp = 8.80 V, TRACK = 1, ly5 = 265 mA,
Vavaming | lysp =35 MA, lgyz = 75 A, I35 = 250 mA 3.23 3.30 - \Y
(55Vgar) | 1) Ta=150°C, Vi =5.26 V, Vipeg = 5.14 V
3V3 Minimum Output Voltage, Buck 2) Ty =—40°C B, Vyy = 5.04 V, Vygeg = 4.97 V
Only Mode I3 Vycp = 6.80 V, TRACK = 1, ly5 = 265 mA,
V3V3(M|N2) Ivsp =35 mA, |3v3 =75 mA, |1vz5 =250 mA 320 _ _ V
(45 VBAT) 1) TA = 150°C, VV|N =4.26 V, VVREG =414V
2) TA =-40°C [3], VV|N =4.04 V, VVREG =397V
3V3 OVERCURRENT PROTECTION
3V3 Current Limit [1] IL|M(3V3) V3va =33V -185 -260 - mA
3V3 Foldback Current [1] IFBK(3V3) V3V3 =0V -15 -40 -65 mA
3V3 STARTUP TIMING
3V3 Startup Time [3] | tsuevsy | CavaS29WF Load=33Q5% (100mA) | - 170 550 us
IGNITION ENABLE (ENBAT1 AND ENBAT2) INPUTS
V V risin 2.9 3.3 3.5 \
ENBAT1, ENBAT2 Thresholds ENBATX(H) | ENBAT 99
VENBATX(L) VENBATX falllng 2.2 2.6 2.9 \
ENBAT1, ENBAT2 Hysteresis VengatxHys) | VEnBATxH) — VENBATX(L) - 700 - mV
T,=25°CM4,V =351V - 28 45 A
ENBAT1, ENBAT2 Bias Current @ | lengarysins) [— C - EneA =
TJ =150°C, VENBATX =351V - 35 55 uA
ENBAT1, ENBAT2 Resistance RENBATX VENBATX <12V - 650 - kQ
LOGIC ENABLE (ENB) INPUT
V \Y risin - - 2.0 \Y
ENB Thresholds ENBH) Eng 9
VENB(L) VENB falllng 0.8 - - \
ENB Bias Current [1] IENB(|N) VENB =33V - - 175 uA
ENB Resistance Reng Veng = 0.8V - 60 - kQ
ENB/ENBATX FILTER/DEGLITCH
Enable Filter/Deglitch Time t4EN(FILT) 10 15 20 us
ENB/ENBATX SHUTDOWN DELAY
Measure ty po(orr) from the falling edge of
LDO Shutdown Delay taLpo(oFF) ENB and ENBAT1 and ENBAT?2 to time when 15 50 100 us
all LDOs begin to decay

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).

2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Vycp = Vyin > Vepuvny @nd Vyree > Vvreguv,h) are satisfied before Vyy is reduced.
3 Ensured by design and characterization, not production tested.
4 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.

i Allegro-

i MicroSystems, LLC
| 14

Allegro MicroSystems, LLC 1 3
115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

1.508.853.5000; www.allegromicro.com



A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS - 3V3 LDO and CONTROL INPUTS [] (continued):

Valid at 3.6 VI[21 < V,;y < 36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

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

TRACK AND MODE INPUTS

Viu V \ orV, risin - - 2.0 \
TRACK and MODE Thresholds TH, "M TRACK OF Tmope 11119

VTL, VML VTRACK or VMODE falllng 0.8 - - \%
TRACK and MODE Bias Current [1] IfTRACKv - -50 - pA

BMODE

FSET/SYNC INPUT
FSET/SYNC Pin Voltage Vesetisyne | No external SYNC signal - 800 - mV
FSET/SYNC Open Circuit I . )

(Undercurrent) Detection Time trsemisyncucy | PWM switching disabled upon detection - 3 - us
FSET/SYNC Short Circuit - . .

(Overcurrent) Detection Time trsemisyncocy | PWM switching disabled upon detection - 3 - us
Sync. Minimum Frequency fsyncminy 250 - - kHz
SynC. ngh Threshold VSYNC(|H) VSYNC riSing - - 2.0 \
Sync. Low Threshold Vsyncqu) Vsync falling 0.5 - - \
Sync. Input Duty Cycle DCsvynec - - 80 %
Sync. Input Pulse Width twsyNe 200 - - ns
Sync. Input Transition Times [ tisync - 10 15 ns
SLEW INPUT
SLEW Pin Operating Voltage VsLew - 800 - mV
SLEW Open Circuit (Undercurrent) .

Detection Time tsLEw(uc) PWM latched off if open - 3 - us
SLEW Short Circuit (Overcurrent) .

Detection Time tsLew(oc) PWM latched off if shorted - 3 - ys
SLEW Bias Current ['] IsLew - -100 - nA

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).

2 The lowest operating voltage is only valid if the conditions Vy > VvingsTarT) @nd Vyep = Vyin > Vepuvy @nd Vyres > Vvreg(uv ) are satisfied before Vyy is reduced.
3 Ensured by design and characterization, not production tested.
4 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS [11: valid at 3.6 V[2l < V| < 36 V, -40°C < T, = T, < 150°C,

unless otherwise specified.

Characteristic | Symbol Test Conditions Min. Typ. Max. Unit
NPOR OV/UV PROTECTION THRESHOLDS
V Vys risin 5.15 5.33 5.50 \Y
V5 OV Thresholds vsouH) | vo 7O
VV5(OV,L) Vv5 falllng - 5.30 - V
V5 0V Hysteresis VVS(OV,HYS) VVS(OV,H) - VV5(OV,L) 15 30 50 mV
Vysuv,H) Vys rising, independent of the MODE pin - 4.68 - \Y
V5 UV Thresholds VV5(UV,L1) Vv5 falling, VMODE =0V or GND 4.50 4.65 4.80 \%
Vysuv,L2) Vys falling, Vyopg = 5 V or open 3.00 3.13 3.27 \
V5P Output Disconnect Threshold Vysp(pisc) Vysp rising - 7.2 - \Y
V Vysp risin 5.15 5.35 5.50 \Y
V5P OV Thresholds vepour) | *vse 7O
VV5P(OV,L) VV5P falllng - 5.29 - \
V5P OV HyStereSiS VV5P(OV,HYS) VV5P(OV,H) - VV5P(OV,L) 45 60 75 mV
Vysp(uv,H) Vys rising, independent of the MODE pin - 4.68 - \
V5P UV Thresholds VVP5(UV,L1) Vv5p falling, VMODE =0V or GND 4.50 4.65 4.80 \Y
Vyspuvi) | Vvse falling, Viyope =5V or open 3.00 3.13 3.27 \
\Y V33 risin 3.41 3.52 3.60 \Y
3V3 OV Thresholds vaovr) | ovs 9T
V3V3(OV,L) V3\/3 falllng - 3.48 - \%
3V3 0OV HyStereSiS V3V3(OV, HYS) V3V3(OV,H) - V3V3(OV,L) 25 35 50 mV
V V33 risin - 3.12 - \Y
3V3 UV Thresholds vavr) | ova T
VavauvL) V3y3 falling 297 3.07 3.17 \Y
3V3 UV Hysteresis V3V3(UV,HYS) V3V3(UV,H) - V3V3(UV,L) 40 50 60 mV
\Y V i risin 1.29 1.32 1.35 \Y
1V25/FBadj OV Thresholds 1V250vH) | T1v25FBag 199
Vivasiovy) | Vivesrsag falling - 1.30 - v
1V25/FBadJ oV Hysteresis V3V3(OV,HYS) V1V25(OV,H) - V1V25(0V,L) 15 22 30 mV
Vv V rising, triggers LDOs on - 1.20 — \%
1V25/FBadj UV Thresholds tv2suvH) | Y1vzs 191N, 199
V1V25(UV,L) V1vz5 falllng 1.15 1.18 1.21 \%
1V25/FBadJ uv HyStereSiS V1V25(UV,HYS) V1V25(UV,H) - V1V25(UV,L) 10 17 25 mV

1 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).
2 The lowest operating voltage is only valid if the conditions Vi > ViyinsTarT) @nd Ve = Vyin > Vepuvn) @nd Vyree > Vvreguv,n) are satisfied before Vyy is reduced.

Continued on next page...
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS (continued) [I:
Valid at 3.6 VI[21 < V) < 36 V, —40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. Typ. Max. Unit
NPOR OV DELAY TIME (First silicon will shut down if an OV is detected)
Overvoltage Detection Delay tyov :j’estzc\t/im\ﬁé ;‘;12\/25’ FBadj over voltage 6.40 8.00 9.60 ms
NPOR TURN-ON AND TURN-OFF DELAYS
NPOR Turn-On Delay thPOR(ON) 12 15 18 ms
NPOR Turn-Off Propagation Delay t4NPOR(OFF) E’;‘VB and ENBATT and ENBATZ low to NPOR - 15 23 us
NPOR OUTPUT VOLTAGES
ENB or ENBAT1 or ENBAT2 high,
Vum = 2.5V, Inpor = 4 MA - 150 400 mv
NPOR OUtpUt Low Voltage VNPOR(L) X
ENB or ENBAT1 or ENBAT?2 high, _ _ 800 mv
VV|N =15 V, INPOR =2mA
NPOR Leakage Current [1] Inpor(ke) | VPor = 3.3V - - 2 pA
NPOR AND POK5V UV FILTERING/DEGLITCH
UV Filter/Deglitch Times tyrir Cgp';iz t\‘;s”;?/in’a‘gt:sge of 3V3, 1v25/FBad;, 10 15 20 us
POKS5V UV PROTECTION THRESHOLDS
- Vys or Vysp rising,
V5 and V5P Rising Thresholds Vysx(POK.H) in\(IjSepen(\i/gzt of tﬁe MODE pin - 4.68 - \Y
V5 and V5P Falling Thresholds Vuspokyy | 02 g;:]’(\jfgf]tf"’(‘)']l'?hgé MODE pin 4.50 465 4.80 v
POK5V OUTPUT VOLTAGES
ENB =1 or ENBAT1 =1 or ENBAT2 = 1,
Vi 2 2.5V, lpogsy = 4 MA - 150 400 mv
POKSV Output Voltage Vpoksvi(L)
ENB =1 or ENBAT1 =1, ENBAT2 = 1, _ _ 800 mv
Vyin = 1.5V, Ipoksy = 2 mA
POK5V Leakage Current IPOKSV(LKG) VPOK5V =33V - - 2 HA

1 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).
2 The lowest operating voltage is only valid if the conditions Vyy > ViyinsTarT) @nd Ve = Vyin > Vepuvny @nd Vyres > Vvreguv,n) are satisfied before Vyy is reduced.

Continued on next page...
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ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS (continued) [1:
Valid at 3.6 VI21 < V}y < 36 V, —40°C < T, =

T, <150°C, unless otherwise specified.

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

VREG, VCP, AND BG THRESHOLDS

V V rising, LX1 PWM disabled 5.50 5.65 5.90 Vv
VREG OV Thresholds VREG(OVH) | “vREG TOTI

Vyresovy) | Vvree falling, LX1 PWM enabled - 5.55 - v
VREG OV Hysteresis VReg(ovHys) | VvrReG(ovH) ~ VVREG(OVL) - 100 - mv

Vi \% rising, triggers rise of SS2 4.14 4.38 4.62 \%
VREG UV Thresholds VREGWMH) | VREG TR 799

VVREG(UV,L) VVREG falllng - 4.28 - \
VREG UV Hysteresis VvreG(UV,HYS) | VVREG(UV.H) — VVREG(UVL) - 100 - mvV
VCP OV Thresholds VvepovH) | Vvep rising, latches all regulators off 11.0 12,5 14.0 \

V Vycp rising, PWM enabled - 3.2 - \Y
VCP UV Thresholds vepuwH) | Tvep TE9 ,

Vyepuvy | Ve falling, PWM disabled - 2.8 - \
VCP UV Hysteresis VVCP(UV,HYS) VVCP(UV,H) - VVCP(UV,L) - 400 - mV
BGREF and BGFAULT UV Thresholds [B] VBGX(UV) VBGVREF or VBGFAULT rising 1.00 1.05 1.10 \%
LAST MICROCONTROLLER (OR DSP) RESET STATE INDICATORS (FF0 AND FF1)
FFO, FF1 UV Detection Delay taFFxUY) NPOR| due to UV to FFO/FF1 latching 0.8 1.0 1.2 ms
FFO, FF1 Output Voltage VErx(LO) lrpx =4 MA - - 400 mV
FFO, FF1 Leakage Current [1] IeFx Veg, =33V - - 1 pA

1 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).

2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Ve = Vyin > Vepuvn) @nd Vyres > Vvreguv,n) are satisfied before Vyy is reduced.
3 Ensured by design and characterization, not production tested.

Allegro MicroSystems, LLC 1 7
m 115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

M\croSyslems LLC 1.508.853.5000; www.allegromicro.com




A4408
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ELECTRICAL CHARACTERISTICS — WATCHDOG TIMER (WDT) [11:

Valid at 3.6 VI21 < V,;y < 36 V, -40°C < T, = T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
WD ENABLE\ INPUT (WDgy,,)
WDgy, Voltage Thresholds VwpennLo) | Vwoenn fi':ll?ing, WDT e.nabled 0.8 - - \
VwpennHly | Vwoenn fising, WDT disabled - - 2.0 \Y
WDegy, Input Resistance Rwp(enn) - 60 - kQ
WD, VOLTAGE THRESHOLDS AND CURRENT
WD,y Input Voltage Thresholds Vwoneo) | Vwoin fj“'fing' WDapy pulle(fi low by Rap, 0.8 - - v
Vwoinly | Ywoin fising, WDp, charging - - 2.0 \
WD,y Input Current [1] lwoin Vwoin =5V -10 +1 10 pA
WD,y TIMING SPECIFICATIONS
WD,y Duty Cycle Dwoin 20 50 80 %
Default 120 140 160 ms
Watchdog Activation Delay tawp(sTART) Metal Option ) 20 % s
WD PROGRAMMING (WDpp,)
WD Timeout, Slow Clock fwb(ro.sLow) Rapy = 324 kO 80 10 12 me
' Rapy = 324 kQ 80 100 120 ms
WD ONE-SHOT TIME
WD Pulse Time after WD Fault twp(FAULT) 1.6 2.0 24 ms

1 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).
2 The lowest operating voltage is only valid if the conditions Vi > VyinsTarT) @nd Vyep = Vyin > Vepuvhy @nd Vyree > Vvreguv,hy are satisfied before Vyy is reduced.
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

FUNCTIONAL DESCRIPTION

Overview

The A4408 is a power management IC designed for automotive
applications. It contains a pre-regulator plus four DC post-
regulators to create the voltages necessary for typical automotive
applications such as electrical power steering and automatic
transmission control.

The pre-regulator can be configured as a buck or buck-boost
regulator. Buck-boost is required for applications that must work
at extremely low battery voltages. This pre-regulator generates

a fixed 5.35 V and can deliver up to 1 A to power the internal

or external post-regulators. These post-regulators generate the
various voltage levels for the end system.

The A4408 includes four internal post-regulators: three linear
regulators and one adjustable output synchronous buck regulator.
The synchronous buck regulator was designed to deliver

1.25 V/700 mA but will produce higher voltages if a feedback
resistor divider is used.

Buck-Boost Pre-Regulator (VREG)

The pre-regulator incorporates an internal high-side buck switch
and a boost switch gate driver. An external freewheeling Schottky
diode and an LC filter are required to complete the buck con-
verter. By adding a MOSFET and a Schottky diode, the boost
configuration can maintain all outputs with input voltages as low
as 2.8 V. The A4408 includes a compensation pin (COMP1) and a
soft-start pin (SS1) for the pre-regulator.

The A4408 can maintain its outputs over a wide range of input
voltages and slew rates. Actual boost performance is shown in
Figure 5 and Figure 6 with voltages swinging between 2.9 and
18V, and Vyyy slew rates ranging from 0.3 to 100V/ms.

The buck-boost pre-regulator provides protection and diagnostic
functions.

Overvoltage protection

High voltage rating for load dump

Switch-node-to-ground short-circuit protection

Open freewheeling diode protection

Pulse-by-pulse current limit

AN e

Hiccup short circuit protection — lab measurement shown in
Figure 7 and detailed timing diagram shown in Figure 5

= VREG

viN

2
e
M

Figure 5: A4408 Buck-Boost operation at full load
Vyn slew rates ranging from 0.3 V/ms to 1.6 V/ms
Typical of an automotive START/STOP waveform
Vuinye) = 12V, Vi) = 2.9 V, 10 ms/DIV
CH1=VIN, CH2=VREG, CH3=V5, CH4=3V3, M1=1V25, M2=V5P

Figure 6: A4408 Buck-Boost operation at full load
Vyn slew rates of 100 V/ms —
V5P deviates less than 0.2%
Vvinerye) = 12V, Vyiying = 4 Vs Vyingmax) =18 V
CH1=VIN, CH2=VREG, CH3=V5, CH4=V5P, 500 ps/DIV
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A4408 Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1
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Flgure\/EEzi;Rseﬁ:::grtgIéfqugxzdg Opfr;;'?]: when Figure 8: Synchronous Buck Pulse-by-Pulse
Ss1 Current Limit
CH1=VREG, CH2=COMP1, CH3=8S1, CH4=IL1, 1 ms/DIV
For the pre-regulator, hiccup mode is enabled when PWM The synchronous buck is powered by the 5.35 V pre-regulator
switching begins. If Vygpg is less than 1.3 V, the number of output. An external LC filter is required to complete the synchro-
overcurrent pulses (OCP) is limited to only 30. If Vyggg is nous buck regulator. The A4408 includes a compensation pin

greater than 1.3 V, the number of OCP pulses is increased to 120 (COMP2) and a soft-start pin (SS2) for the synchronous buck.
to accommodate the possibility of starting into a relatively high
output capacitance.

Adjustable Synchronous Buck Regulator S ' . / =
(1V25/ADJ)

The A4408 integrates the high-side and low-side MOSFETs
necessary for implementing an adjustable output synchro-

nous buck regulator. The synchronous buck is optimized for

1.25 Vout/ 700 mApc/1 Apgak but can produce higher output
voltages if a feedback resistor divider is inserted between VOUT
and the 1V25/FBadj pin. The synchronous buck’s pulse-by-pulse
current limit depends on duty cycle and switching frequency, as
shown in Figure 8.

An internal current sense amplifier sources 80 to 100 pA to the
LX2 pin. At no load, this current will slowly charge the output . . .
capacitors and raise the output voltage. Therefore, the system must Figure 9: Sync_hronous Buck Hiccup Mode Operation
always sink at least 100 pA, or a pull-down resistor (<2.49 kQ) when 1V25 is Shorted to GND and Cgs; = 10 nF

should be used as shown in the Applications Schematic. CH1=1V25, CH2=COMP2, CH3=SS2, CH4=IL2, 500 ps/DIV

Protection and safety functions provided by the synchronous
buck are: For the synchronous buck, hiccup mode is enabled when Vg,

= Viica@ny (1.2 Vryp)- If Vegapy is less than 450 mVyp, the

Undervoltage detection number of overcurrent pulses (OCP) is limited to only 30. If
Overvoltage detection Vipapy is greater than 450 mV pyp, the number of OCP pulses is
Switch-node-to-ground short-circuit protection increased to 120 to accommodate the possibility of starting into a

Pulse-by-pulse current limit relatively high output capacitance.

A

Hiccup short-circuit protection; lab measurement shown in
Figure 9 and detailed timing diagram shown in Figure 23
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a

Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

Low-Dropout Linear Regulators (LDOs)

The A4408 has three low-dropout linear regulators (LDOs), one
3.3 V/165 mAy4x 3V3), one 5 V/325 mAy4x (V5), and one
high-voltage protected 5 V/115 mAy 5x (V5P). The switching
pre-regulator efficiently regulates the battery voltage to an inter-
mediate value to power the LDOs. This pre-regulator topology
reduces LDO power dissipation and junction temperature.

All linear regulators provide the following protection features:

1. Undervoltage and overvoltage detection
2. Current limit (ILIM) with foldback short-circuit protection
(IFBK); see Figure 10

The protected 5 V regulator (V5P) includes protection against
accidental short-circuit to the battery voltage. This makes this
output most suitable for powering remote sensors or circuitry via
a wiring harness where short-to-battery is possible.
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Figure 10: Typical LDO Foldback Characteristics

Tracking Input (TRACK)

The V5P LDO is a tracking regulator. It can be set to use either
V5 or 3V3 as its reference by setting the TRACK input pin to a
logic low or high. If the TRACK input is left unconnected, an
internal current source will set the TRACK pin to a logic high.

5V
VREG _  TRACKING V5P
LDO
A
Brrack REFERENCE
2:1
MUX
0 1
V5 3V3

Figure 11: The V5P reference is set
by the TRACK input.

Watchdog Timer (WDT)

The A4408 watchdog timer monitors the time between rising
edges of a clock (i.e. the clock period) applied to the WDy pin.
This clock should be generated by the primary microcontroller
or DSP. A watchdog fault will occur if the time between rising
edges is longer than the time set by the resistor (R,p;) at the
watchdog programming pin (WD, pj). A watchdog fault will
pulse NPOR low for tywpraurr) (typically 2 ms). The watchdog
circuitry is shown in Figure 12.

_ WD | WDew | Window
c @ OsC Watchdog
LK i
IN »[ WD, Timer
WDenn »| WDgpny, WDFAULT |—p

% WDsTART — B0~

Figure 12: Watchdog Timer Block Diagram

The watchdog time is programmable via the WD 4y pin accord-
ing to the following equation:

Rypy=3.240 X typro,sLow)
where typro,sLow) 1S the longest expected clock period (in ms)
and R, p; is the external resistor value (in k) needed from the
WD, p; pin to ground. A detailed watchdog timing diagram is
shown in Figure 24.

The watchdog is enabled when two conditions are met:

The WDgy, pin is a logic low, and

All the regulators (1V25/FBadj, 3V3, V5, and V5P) have
been above their undervoltage thresholds for the watchdog
start delay time, tqwpstarT) (140 msyyp).
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The watchdog start delay allows the microcontroller or DSP to
complete its initialization routines before delivering a clock to the
WDy pin. A timing diagram documenting tywpstarT) IS shown
in Figure 25.

After regulator startup, if the WDy clock is missing (i.e. stuck
low or stuck high) for at least tywpstarT) t twp(To,5L0W) the
A4408 will set NPOR, reset its counters, and repeat the watchdog
startup delay. NPOR will periodically pulse low as long as no
WDIN clock is applied. A timing diagram for the missing clock
situation is shown in Figure 25.

Dual Bandgaps (BGygrer, BGeayLt)

Dual bandgaps, or references, are implemented within the
A4408. One bandgap (BGyrgr) is dedicated solely to closed-loop
control of the output voltages. The second bandgap (BGgayrt)

is employed for fault monitoring functions. Having redundant
bandgaps improves reliability of the A4408.

If the reference bandgap is out of specification (BGyggp), then
the output voltages will be out of specification and the monitor-
ing bandgap will report a fault condition by setting NPOR and/or
POKS5V low.

If the monitoring bandgap is out of specification (BGgpyr 1), then
the outputs will remain in regulation, but the monitoring circuits
will report a fault condition by setting NPOR and/or POK5V low.

The reference and monitoring bandgap circuits include two
smaller secondary bandgaps that are used to detect undervoltage
of the main bandgaps during power-up.

Adjustable Frequency and Synchronization
(FSET/SYNC)

The PWM switching frequency of the A4408 is adjustable from
250 kHz to 2.4 MHz. Connecting a resistor from the FSET/
SYNC pin to ground sets the switching frequency. An FSET
resistor with £1% tolerance is recommended. The FSET resistor
can be calculated using the following equation:

21,693 ) -2.215
Josc

RFSET =
where Rggp 1s in kQ and fogc is the desired oscillator (PWM)
frequency in kHz.

A graph of switching frequency versus FSET resistor values is
shown in Figure 13.

The PWM frequency of the A4408 may be increased or decreased
by applying a clock to the FSET/SYNC pin. The clock must sat-
isfy the voltage thresholds and timing requirements shown in the
Electrical Characteristics table.

24 \ T T T T T T 1
22 PWM Switching Frequency vs Regr _|

o |\
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PWM Switching Frequency (MHz)

—

0.2

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
RFSET(KO)
Figure 13: Switching Frequency
vs. FSET Resistor Values

Frequency Dithering and LX1 Slew Rate Control

The A4408 includes two innovative techniques to help reduce
EMI/EMC for demanding automotive applications.

First, the A4408 performs pseudo-random dithering of the PWM
frequency. Dithering the PWM frequency spreads the energy
above and below the base frequency set by Rpgpr. A typical fixed-
frequency PWM regulator will create distinct “spikes” of energy
at fogc, and at higher frequency multiples of fogc. Conversely,
the A4408 spreads the spectrum around fogc, thus creating a
lower magnitude at any comparable frequency. Frequency dither-
ing is disabled if SYNC is used or Vv drops below approxi-
mately 8.3 V.

Second, the A4408 includes a pin to adjust the rising slew rate of
the LX1 pin by simply changing the value of the resistor from the
SLEW pin to ground. Slower rise times of LX1 reduce ringing
and high-frequency harmonics of the regulator. The rise time may
be adjusted to be relatively long and will increase thermal dissi-
pation of the pre-regulator if set too high. Typical LX1 slew rates
are shown in Table 1.
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Table 1: Typical LX1 Rising Slew Rate vs. Rg; gw;
LX1 Snubber 8.66 Q / 330 pF

LX1 Rising LX1 10%-90%
RsLew (kQ) Slew Rate Transition Time at
(V/ns) 12 Vy (ns)

8.66 1.06 9.1

221 0.90 10.7
46.4 0.79 12.1
715 0.65 14.8
100 0.50 19.2
121 0.38 25.2
150 0.29 33.1

Enable Inputs (ENB, ENBAT)

Two enable pins are available on the A4408. A logic high on
either of these pins enables the A4408. One enable (ENB) is
logic-level compatible for microcontroller or DSP control. The
other input (ENBAT) must be connected to the high-voltage
ignition (IGN) or accessory (ACC) switch through a relatively
low-value series resistance, 2 to 3.6 kQ. For transient suppres-
sion, it is strongly recommended that a 0.22 to 0.47 uF capacitor
be placed after the series resistance to form a low-pass filter to
the ENBAT pin as shown in the Applications Schematic.

Bias Supply (Vcc)

The bias supply (V) is generated by an internal linear regulator.
This supply is the first rail to start up. Most of the internal control
circuitry is powered by this supply. The bias supply includes
some unique features to ensure reliable operation of the A4408.
These features include:

1. Input voltage (Vyyy) undervoltage lockout

2. Undervoltage detection

3. Short-to-ground protection

4. Operation from either Vyy or Vygrgg, Whichever is higher

Charge Pump (VCP, CP1, CP2)

A charge pump provides the voltage necessary to drive the high-
side n-channel MOSFETs in the pre-regulator and the linear
regulators.

Two external capacitors are required for charge pump opera-
tion. During the first half of the charge pump cycle, the flying

capacitor between pins CP1 and CP2 is charged from either Vyy
or Vyrgg. Whichever is highest. During the second half of the
charge pump cycle, the voltage on the flying capacitor charges
the VCP capacitor. For most conditions, the Vycp minus Vyy
voltage is regulated to approximately 6.5 V.

The charge pump can provide enough current to operate the
pre-regulator and the LDOs at 2.2 MHz (full load) and 125°C
ambient, provided Vv is greater than 6 V. Optional components
D3, D4, and CP3 (refer to Figure 14) must be included if Vyy
drops below 6 V. Diode D3 should be a silicon diode rated for at
least 200 mA/50 V with less than 50 pA of leakage current when
Vg =13 Vand T, = 125°C. Diode D4 should be a 1 A Schottky
diode with a very low forward voltage (V) rated to withstand at
least 30 V.

cP2
0.22 yF : |m——————————- |
: Required if VREG | ) |
sliyloasedend gastes | msstPs |
E g VIN . l '
°11° ! CP3 |
| |
| |
—————————— J

X1 !

X1 I

G |

1

Figure 14: Charge pump enhancement components D3,
D4, and CP3 are required if Vy,;y <6 V.

The charge pump incorporates some protection features:

1. Undervoltage lockout of PWM switching
2. Overvoltage “latched” shutdown of the A4408

Startup and Shutdown Sequences

The startup and shutdown sequences of the A4408 are fixed. If
no faults exist and ENBAT or ENB transition high, the A4408
will perform its startup routine. If ENBAT and ENB are low for
at least typncriir) T taupo(orr) (typically 65 ps), the A4408 will
enter a shutdown sequence. The startup and shutdown sequences
are summarized in Table 3 and shown in timing diagrams in Fig-
ure 18 and Figure 19.
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Fault Reporting (NPOR, MODE, POK5V)

The A4408 includes two open-drain outputs to report regulator
status. The NPOR circuit monitors all regulator outputs for under-
and overvoltage (1V25/FBadj, 3V3, V5, V5P), the watchdog timer
output (WDga 1), and the thermal monitor (TSD). The POK5V
circuit monitors the V5 and V5P output for undervoltage. The
NPOR and POKS5V block diagrams are shown in Figure 15.

The MODE input pin modifies the NPOR circuit to raise or lower
the 5 V undervoltage thresholds. If the MODE pin is low, the
undervoltage thresholds are relatively high, at Vysgy ). 1f the
MODE pin is high, the undervoltage thresholds are set much lower,
at Vyswv,2)- The MODE pin does not influence the POKSV cir-
cuit. The POKSV undervoltage threshold is always at Vyspog 1)
The MODE input is shown in Figure 15. Timing diagrams of the
MODE pin functionality is shown in Figure 16 and Figure 17.

There is a delay from the time all regulator voltages have risen
above their undervoltage thresholds to the rising edge of NPOR,
tanpor(ony- This delay allows the microcontroller or DSP plenty of
time to fully power-up and complete its initialization routines. The
NPOR circuit also incorporates a delay, t oy, between the instant
any regulator output exceeds its overvoltage threshold and when
NPOR transitions low. There is minimal NPOR delay if any fault,
other than overvoltage, occurs that requires NPOR to transition
low. There are no significant delays in the POK5V output after V5
or V5P have risen above or fallen below their undervoltage thresh-
olds. Timing diagram in this datasheet shows the functionality of
NPOR and POK5V.

TSD
OV/UV DETECT 4—,_
& DELAYS
| NPOR = [ —— WDrauLT
L‘l [ €—— WDapyFauLT)
—>] _E — WDstarT
1Bumooe = < DE- e ;\ézz/_
wLtor| [€ GLITCH ady
| MODE I ‘ »| w2 | [€ trr  [€— 3.3V
UV DETECT |
| POK5V I <o DE- [€«—V5
L, [Pok.L| GLITCH
—El < torr  [€— V5P
BGeraut »| =

Figure 15: Fault Reporting Circuit

The V5P monitor is unique: if V5P is accidently connected to the
battery voltage, then NPOR will bypass the normal overvoltage
delay and set itself low immediately. Timing diagrams showing
overvoltage possibilities for V5P are shown in Figure 21.

The fault modes and their effects on NPOR and POK5V are cov-
ered in detail in Table 4.

Fault Flags (FFO, FF1)

The A4408 also includes two open-drain fault flags: FFO and
FF1. If a fault condition occurs and NPOR transitions low, FFO
and FF1 will be latched into one of three states to retain the type
of fault: undervoltage of any regulator or charge pump (including
V5P disconnect), hiccup mode (or TSD), or watchdog fault. A
fourth state indicates no-fault. Fault flag functionality is sum-
marized in Table 2 and shown in most timing diagrams in this
datasheet.

FFO0 and FF1 are only valid if NPOR has first transitioned high.
This means the A4408 must successfully complete the startup
sequence and NPOR transitions high.

The FFO and FF1 latches are reset when all enable inputs are low
and the soft-start capacitor voltages (SS1, SS2) have decayed
below their reset thresholds.

Table 2: FF0 and FF1 Fault Flag Status Conditions

FFO FF1 Type of Fault Detected When NPOR-

Low Low Undervoltage (Synchronous buck, 3V3, V5,
V5P, or VCP), or Vysp > Vysppisc)

ou | | RS e e ey

Hi-Z Low Watchdog Timer (WDT) fault

Hi-Z Hi-Z No fault, default condition

Both VREG and the synchronous buck do not enter hiccup mode
for a specific number of PWM cycles. Therefore, when setting
FF0 and FF1, precedence is given to detecting a hiccup condi-
tion (i.e. an undervoltage will occur before hiccup mode is set).
To accomplish this, the undervoltage detection is delayed by

t4FFx(UV)-
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A4408

Adjustable Frequency Buck or Buck-Boost Pre-Regulator with a

Synchronous Buck, 3 Internal LDOs, Watchdog Timer, NPOR, and FFO/FF1

Table 3: Startup and Shutdown Logic (signal names consistent with Functional Block Diagram)

Regulator Control Bits
A4408 Status Signals ?o Z OFF. 1= ON) A4408

EN MPOR VSS,, LOW VREG UV 1V25UV  3xLDO UV | VREG ON 1V25 ON LDOs ON MODE

X 1 X X X X 0 0 0 RESET

0 0 1 1 1 1 0 0 0 OFF

1 0 0 1 1 1 1 0 0 STARTUP
1 0 0 0 1 1 1 1 0 |

1 0 0 0 0 1 1 1 1 1

1 0 0 0 0 0 1 1 1 RUN

0 0 0 0 0 0 1 1 1 taen(rILT) *+ taLbo(oFF)
0 0 0 0 0 0 1 1 0 SHUTDOWN
0 0 0 0 0 1 1 0 0 1

0 0 0 0 1 1 0 0 0 1

0 0 0 0 1 1 0 0 0 !

0 0 0 1 1 1 0 0 0 Pause

0 0 1 1 1 1 0 0 0 OFF

X=DON’T CARE

EN = ENBAT1 + ENBAT2 + ENB
VSS;, LOW = VSS1 < Vgsirst) * Vss2 < VssawrsT)
3xLDO UV =3V3 UV +V5 UV+V5P UV
MPOR = Vyyuvro) T VECC_UV +VCP_UV + BG1_UV +BG2_UV + FSET_UV/OV +TSD
+SLEW_UV/OV (latched) + VCP_OV (latched) + DIMISSING (latched) + Ij v x1y (latched) + OV >ty (latched)
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