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A4410

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

FEATURES AND BENEFITS
Automotive AEC-Q100 qualified

e 2.8 Vpy to 36 V operating range, 40 Vyy maximum

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

* Adjustable PWM switching frequency: 250 kHz —
2.4 MHz

* PWM frequency can be synchronized to external clock

e 1.25 V/750 mAp/1 Apgak synchronous buck (1V25)

* 33V (@3V3)and5 V (V5) internal LDO regulators with
fold back short circuit protections

* 5V (V5P) internal tracking LDO regulator with fold
back short circuit and short-to-battery protections

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

* Power-on reset with fixed delay of 15 ms for 1V25/3V3
UV and OV protection (NPOR)

* Programmable watchdog timer with a 30 ms activation
delay

» Active low, watchdog timer enable/disable pin (WDgy,,)

* Dual band gaps for increased reliability: BGyrgp,

BGFAULT

Continued on next page...

APPLICATIONS

e Automotive Control Modules for:
o Electronic Power o Emissions Control

Steering (EPS) Modules
0 Transmission Control 0 Other automotive
(TCU) applications

O Advanced Braking
Systems (ABS)

PACKAGE: 38-Pin eTSSOP (suffix LV)

Not to scale

DESCRIPTION

The A4410 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/250 mAy5x tracking/protected
LDO, a 3.3 V/160 mAyax LDO, a 5 V/150 mAyzx LDO,
and a 1.25 V/750 mAp/1 Apgak synchronous buck regulator.
Designed to supply CAN or microprocessor power supplies in
high temperature environments the A4410 is ideal for under
hood applications.

Enable inputs to the A4410 include alogic level (ENB) and two
high-voltage (ENBAT1 and ENBAT2). The A4410 provides
flexibility by including a TRACK pin to set the reference of
the tracking regulator to either the 5 V or the 3.3 V output,
so the A4410 can be adapted across multiple platforms with
different sensors and supply rails.

Diagnostic outputs from the A4410 include a power-on-reset
output (NPOR) with a fixed 15 ms delay, an ENBAT1 and
ENBAT?2 status outputs, and a PowerOK output for the 5 V
and 5 V protected LDOs (POKS5V). Dual bandgaps, one for
regulation and one for fault checking, improve long-term
reliability of the A4410.

The A4410 contains a Window Watchdog timer that can be
programmed to accept a wide range of clock frequencies
(WD p;). The watchdog timer has a fixed 30 ms activation
delay to accommodate processor startup. The watchdog timer
has an enable/disable pin (active LOW, WDgy,) to facilitate
initial factory programming or field re-flash programming.

Protection features include under and over voltage lockout on
all four CPU supply rails. In case of a shorted output, all linear
regulators feature fold back over current protection. In addition,
the V5P output is protected from a short-to-battery event. Both

Continued on next page...
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

Features and Benefits (continued) Description (continued)

* PowerOK output for V5/V5P UV and OV (POKS5V) switching regulators include pulse-by-pulse current limit, hiccup
* Logic enable input (ENB) for microprocessor control mode short circuit protection, LX short circuit protection, missing
* Two ignition enable inputs (ENBAT1 and ENBAT?2) asynchronous diode protection (VREG only) and thermal shutdown.

* ENBATI and ENBAT?2 status indicator outputs

* SLEW rate control pin helps reduce EMI/EMC

* Frequency dithering helps reduce EMI/EMC

* OV and UV 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

The A4410 is supplied in a low profile, 38-lead eTSSOP package
(suffix “LV”’) with exposed power pad.

Selection Guide

Part Number Temp. Range Package Packing' Lead Frame
A4410KLVTR-T —40 10 135°C 38-pin eTSigg’ withermal | 4500 pieces per 7-in reel 100% Matte Tin
1 Contact Allegro for additional packing options.
Allegro MicroSystems, LLC 2

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




A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

SPECIFICATIONS
Absolute Maximum Ratings’
Characteristic Symbol Notes Rating Unit
VIN Vuin -0.3to0 40 \
With current limiting resistor2 -13 t0 40
ENBAT1, ENBAT2 Vengarc -0.31t08 v
lEnBATX *75 mA
-0.3 to VVIN+0.3
LX1, SLEW t <250 ns -1.5 \
t<50ns VVIN+3 V
VCP, CP1, CP2 -0.3 to 50 \
V5P Vysp -1.0t0 403 \Y
All other pins -03to7 \
Ambient Temperature Ta Range K for automotive -40to 135 °C
Junction Temperature T, -40to 150 °C
Storage Temperature Range Ts -40 to 150 °C

1 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

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

Node “A”

ENBATX

VEN A4410

GND

3 Independent of Vy.

Table 3: Thermal Characteristics
(may require derating at maximum conditions, see application information)
Characteristic Symbol Test Conditions* Value | Unit

Junction to Pad Thermal Resistance Reuc eTSSOP-38 (LV) Package 30 °C/W

*Additional thermal information available on the Allegro website.

™ Allegro MicroSystems, LLC 3
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR
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Allegro MicroSystems, LLC 4
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A4410

Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ver [1] [38] cp2 Terminal List Table
VIN [2] [37] cp1 Number Name Function
ViN [3] [36] Lxt 1 VCP Charge pump reservoir capacitor
GND [4] FTTTTTTT I 35] Lt 2,3 VIN Input voltage
N [5] : i 34] sLEW 4,9 GND Ground
vee [&] i | 53] 5 N/C No Connect
ss1[1] : i 32 vREG 6 VCC Internal voltage regulator bypass capacitor pin
comp1 [8] : : 1] vs 7 SS1 Soft start programming pin for the buck/boost pre-regulator
eno [9] : : 0] L 8 COMP1 | Error amplifier compensation network pin for the buck/boost pre-regulator
TRACK [10 i PAD : 2] 2 10 TRACK | Tracking control: Open/High — V5P tracks 3V3, GND/Low — V5P tracks
NPOR [11] ! 28] PGND V5
POKsV [12] i | [27] PonD 1 NPOR | Active LOW, open-drain regulator fault detection output
ENBATS [13] : i 26] comp2 12 POK5V | PowerOK output indicating when either the V5 or V5P rail is under-
ENBAT2S [14] | 1 [25] FBus voltage (UV)
FSET/SYNC [15] | i 24] ss2 13 ENBAT1S | Open drain ignition status output, for ENBAT1 only
ENBAT1 [16] EEEEEEE - 23] vsP 14 ENBAT2S | Open drain ignition status output, for ENBAT2 only
ENBAT2 [17] 22] WDy, 15 FSET/ | Frequency setting and synchronization input
ENB [18] [21] WD, SYNC
av3 [i9] 20] w, 16 ENBAT1 | Ignition enable input from the key/switch via a 1K of resistance
17 ENBAT2 | Ignition enable input from the key/switch via a 1K of resistance
Package LV, 38-Pin eTSSOP 18 ENB Logic enable input from the micro-controller
Pin-out Diagram 19 3Vv3 3.3 V regulator output
20 WDy Watchdog refresh input (rising edge triggered) from a micro-controller or
DSP
21 WDppy | The watchdog wait/delay time is programmed by connecting Rp from
this pin to ground
22 WDgpnn | 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 the 1.25 V synchronous buck
25 FB1V25 | Feedback pin for the 1.25 V regulator
26 COMP2 | Error amplifier compensation network pin for the 1.25 V synchronous
regulator
27,28 PGND Power ground for the 1.25 V synchronous regulator / gate driver
29,30 LX2 Switching node for the 1.25 V synchronous regulator
31 V5 5V regulator output
32 VREG | Output of the buck-boost and input for the LDOs and 1.25 V1 sync.
Buck
33 LG Boost gate drive output for the buck/boost pre-regulator
34 SLEW Slew rate adjustment for the rise time of LX1
35,36 LX1 Switching node for the buck/boost pre-regulator
37 CP1 Charge pump capacitor connection
38 CP2 Charge pump capacitor connection
- PAD
Allegro MicroSystems, LLC 6
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS — GENERAL SPECIFICATIONS!: valid at 3.6 V 4 < 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 > VINSTART' and VENB >20Vor
) VengaTx > 3.5V, Buck-Boost Mode 28 135 36
Operating Input Voltage VyvIN \%
After VV|N > VINSTART’ and VENB >20Vor 51 135 36
VENBATX > 35V, Buck Mode : ’
VIN UVLO START Voltage VINgtarT | Vuin rising 4.55 4.80 5.05 \Y
VV|N falling, VENBATX >3.6Vor
VIN UVLO STOP Voltage VINgtop Veng = 2.0 V, Vymea = 5.2V 2.52 2.65 2.78 \Y
VIN UVLO HyStereSiS VINHYS VINSTART - VINSTOP —_— 2.2 —_— V
| Vyin = 13.5V, Vengary 2 3.6 V or . 13 . mA
) Q Veng 2 2.0V, Vygeg = 5.6 V (no PWM)
Supply Quiescent Current !
| Vyin = 13.5V, Vengarx £ 2.2 V and 10 A
QSLEEP | v 2<0.8V - - M
PWM Switching Frequency and Dithering
ReseT = 8.66 kQ 1.8 2.0 2.2
MHz
Switching Frequency fosc Reser = 20.5 kQ 2 — 1.0 —
Rrset = 57.6 kQ 2 343 400 457 kHz
Frequency Dithering Afosc | As a percent of fogc — 12 — %
Dither/Slew START Threshold VINps on 8.5 9.0 9.5 \Y
Dither/Slew STOP Threshold VINps oFr 7.8 8.3 8.8 \Y
VIN Dithering/Slew Hysteresis — 700 — mV
Charge Pump (VCP)
Vyep = Vuin Vyin = 13.5 V, Vygeg = 5.50 V,
IVCP =6.5 mA, VCOMP1 = VCOMPZ =0 V, 4.1 6.6 —_—
VENB =33V
Output Voltage Vyep \Y
Vvep = Vvin: Vyin = 6.5V, Vyregg =5.50 V,
lvep = 6.5 MA, Veompr = Voompz =0V, 3.1 338 —
Veng = 3.3V
Switching Frequency fsw.ep — 65 — kHz
VCC Pin Voltage
OUtpUt Voltage VVCC VVREG =535V — 4.65 — \
Thermal Protection
Thermal Shutdown Threshold 2 Ttsp T, rising 155 170 185 °C
Thermal Shutdown Hysteresis 2 Thyvs — 20 —

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vyy > Vyn start @nd Vycp — Vyiy > VCPy and Vygeg > VREGyy 4 are satisfied before VIN is reduced.

™ Allegro MicroSystems, LLC 7
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS - BUCK AND BUCK-BOOST PRE-REGULATOR SPECIFICATIONS!: valid at 3.6 V
4<Vy<36V,-40°C < T, =T, < 150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. | Unit
Output Voltage Specifications
Buck Output \loltage — Regulating |  Vyres | Vun=135V,ENB=1,01A<lgpec<125A | 525 | 535 | 545 | v
Pulse Width Modulation (PWM)
PWM Ramp Offset PWM1orrs | Veowmps for 0% duty cycle — 400 — mV
VV|N =13.5 V, 10% to 90%, IVREG =1 A,
- — 0.9 —
. Rsiew =22.1k
LX1 Rising Slew Rate Control 2 LX1Rrise Vins
VV|N =135 V, 10% to 90%, IVREG =1 A, _ 03 .
RSLEW =249 k :
LX1 Falling Slew Rate 2 LX1eaL | Vuin = 13.5V, 90% to 10%, lygeg = 1A — 1.5 — Vins
Buck Min. Controllable ON-time ton,MIN,BUCK — 195 — ns
Buck Maximum Duty Cycle Dmaxsuck | toresuck < 50 ns — 100 — %
Boost Minimum OFF-time tonmIN,BST — 100 130 ns
Boost Maximum Duty Cycle DMAX,BST After VV|N > VINSTART’ VV|N =36V — 65 — %
COMP1 to LX1 Current Gain 9MpoWER1 — 4.5 — AN
) fosc =2.0 MHz 1.04 1.48 1.92
Slope Compensation (2) Sgq Alus
fosc =400 kHz 0.22 0.33 0.44
Internal MOSFET
Vyn =135V, T;=-40°C 2, Ipg=0.1A — 50 65 mQ
MOSFET On Resistance Rpson Vyn =135V, T;=25°C 3, Ipg=0.1A — 75 90 mQ
Vyn =135V, T;=150°C, Ipg=0.1A — 150 180 mQ

Vengatx 2.2V and Vgng 0.8V, Vi =0V,

Vi = 16 V, ~40°C < T, < 85°C 3 - - 10 WA
MOSFET Leakage IFETLKG
' VengaTx S 2.2V and Vgng 0.8V, Vix =0V, o 50 150 UA
Vyn =16V, -40°C < T; < 150°C
Error Amplifier
Open Loop Voltage Gain AVOLA1 — 60 — dB
Vgg1 =750 mV 550 750 950
Transconductance IMEA1 AV
Vgg1 =500 mV 275 400 525
Output Current lEA1 — 175 — HA
Maximum Output Voltage EA1vo(max) 1.10 1.45 1.85 \Y
Minimum Output Voltage EA1vo(min) — — 300 mV
HICCUP1 =1 or FAULT1=1or
COMP1 Pull Down Resistance Rcomp1 Vengatx < 2.2 V and Vgyg 0.8 V, latched until — 1 — KQ

Vgg1 < VSS1ggr

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vi > Vyn start @nd Vycp — Vyy > VCPyy and Vygeg > VREGyy 4 are satisfied before VIN is reduced.

™ Allegro MicroSystems, LLC 8
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS — BUCK AND BUCK-BOOST PRE-REGULATOR SPECIFICATIONS (continued)?:
valid at 3.6 V4 <V <36 V, —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 ViG.on Vyin =6V, Vygeg =5.35V 4.6 — 55 \
LG Low Output Voltage Vigorr | Vuin=13.5V, Vygeg =5.35V — 0.2 0.4 \
LG Source Current 1 ILG.oN Vyin =6 V, Vyreg =5.35V, V| g =1V — -300 — mA
LG Sink Current 1 I G.oFF Vyn =135V, Vyreg =5.35V,V g=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 VS8S1grst | FAULT1 =1 or Vgngax £2.2 V and 140 200 275 mV
Veng 0.8V
SS1 Startup (Source) Current ISS1gy Vggq = 100 mV, HICCUP1 = FAULT1 =0 -10 -20 -30 pA
SS1 Hiccup (Sink) Current ISS1yc | Vsg1 =0.5V, HICCUP1 =1 5 10 15 pA
SS1 Delay Time tss1.oLy Cgg1 =22 nF — 440 — us
S§S1 Ramp Time tss1 Css1=22nF — 880 — us
SS1 Pull Down Resistance RPDsg;1 \F,'E:BL?OZ [iticia ety sts\; Vst . - 8 - kO
Vyree < 2.7 Vrvp & Veompt = EATyo(max) — fosc/4 — —
SS1 PWM Frequency Foldback fawi ss Vyreg < 2.7 V1yp — fosc/2 — —
VvreG > 2.7 Vrvp — fosc — —
Hiccup Mode
Vss1 > Vhict ens Vwres < 1.95 Vive, Veowp = _ 30 _ PWM
Hiccup1 OCP PWM Counts thict ocp EATvO(max cydles
' Vss1 > Vuicrens Vvres > 1.95 Vryp, Veowp = _ 120 _ PWM
EA1y0(max) cycles
Current Protections
Pulse by pulse current limit ILiM1,ton(min) | ton = tongminy 3.6 41 4.6 A
LX1 Short Circuit Current Limit ILimLx1 Latched OFF after 1 detection 7.5 10 — A
Missing Asynchronous Diode (D1) Protection
Detection Level Vb.0PEN -1.50 -1.30 -0.80 \
Time Filtering 2 tp.oPEN 50 — 250 ns

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vyin > VCPyy 4 and Vygeg > VREGy  are satisfied before VIN is reduced.
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A4410

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

Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS - 1.25 V SYNCHRONOUS BUCK REGULATOR!: valid at 3.6 V 4 < V| < 36 V, -40°C <
T, =T, <150°C, unless otherwise specified.

Characteristic | symbol | Test Conditions | Min. [ Typ. | Max. | unit
1V25 Output Voltage
Output Voltage Accuracy | Vives |50 MA<Iiy05 <750 mA | 123 | 125 | 127 | v
Pulse Width Modulation (PWM)
PWM Ramp Offset PWM20ers | Veowmps for 0% duty cycle - 350 - mV
High-Side MOSFET Minimum ON-
Time tON(M|N) - 65 105 ns
High-Side MOSFET Minimum OFF- ¢ Does not include total gate driver non-overlap B 100 130 ns
Time OFF(MIN) | time, tyo
Gate Driver Non-Overlap Time 2 tno - 15 - ns
COMP2 to LX2 Current gain 9MpowER?2 - 2.5 - AN
. fosc =2.0 MHz 0.45 0.63 0.81
Slope Compensation 2 Sgo ; 200 KH 012 014 0.19 Alus
0sCc = z . . .
Internal MOSFETs
) ) ) Tp=25°C 3, Ipg = 100 mA - 200 235 mQ
High-Side MOSFET ON Resistance RDSon (Hs) I 100 mA 200 9
ps = m - - m
LX2 Node Rise/Fall Time 2 t RIF,LX2 VVREG =55V - 12 - ns
Vengatx £2.2Vand Vgg 0.8V, Vi =0V, _ B 5 A
o 1 Vyreg = 5.5V, -40°C < T, < 85°C 3 H
ngh-Slde MOSFET Leakage IDSS (HS) v <22VandV <08V V -0V
ENBATx = <- d Veng = U0V, Vixa : _ 3 15 A
VVREG_5'5V’ _40 C<TJ<15O C
) ) Tp=25°C 3, Ipg = 100 mA - 55 65 mQ
Low-Side MOSFET ON Resistance RDSon (Ls) I 100 mA 10 o
ps = m - - m
VengaTx £ 2.2V and Vg\g 0.8V, _ _ 1 A
, Vixo=55V,-40°C<T,<85C3 H
Low-Side MOSFET Leakage 1 IDSS (LS) v <22VandV <08V
ENBéTx =& N ENB = V- Y - 8 20 “A
Vixo =5.5V,-40°C <T;<150°C

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 Ensured by design and characterization, not production tested.

3 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
4 The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vyin > VCPyy 4 and Vygeg > VREGy  are satisfied before VIN is reduced.
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS - 1.25 V SYNCHRONOUS BUCK REGULATOR (continued)?: valid at 3.6 V4 <V <
36V, —40°C < T, =T, < 150°C, unless otherwise specified.

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

1V25 Output Voltage

Open Loop Voltage Gain 2 AVOL2 - 60 - dB
lcomp2 = 0 PA, Vggp > 500 mV 550 750 950 pAN

Transconductance IMEa2
0V <Vgg, <500 mV - 250 - AV

Source & Sink Current lEA2 Veowp2 =15V - +50 - HA

Maximum Output Voltage EA2y0(max) 1.00 1.25 1.50 \

Minimum Output Voltage EA2y0(min) - - 150 mV
HICCUP2 = 1 or FAULT2 =1 or

COMP?2 Pull Down Resistance Rcompz Vengatx £ 2.2 V and Vgyg < 0.8 V, latched until - 1.5 - kQ
Vss2 < VSS2gst

Soft Start

SS2 Offset Voltage VS8S20rrs | Vssp rising due to ISS2g, 120 200 270 mV
Vgso falling due to HICCUP2 = 1 or

SS2 Fault/Hiccup Reset Voltage VSS2gst FAULT2 =1 or Vgngatx £ 2.2 V and - 100 120 mV
Veng £0.8V

SS2 Startup (Source) Current ISS2gy, Vggo =1V, HICCUP2 = FAULT2 =0 -10 -20 -30 pA

S82 Hiccup (Sink) Current 1ISS2c | Vss2 = 0.5V, HICCUP2 = 1 5 10 20 pA

SS2 to V4, Delay Time tss2.oLy Cggp =10 nF - 100 - us

V42 Soft Start Ramp Time tsso Cgsp =10 nF - 400 - us

S§S2 Pull Down Resistance RPDgso \F,AE\LJBLZZOZ1\,?{3\{5#9853:“3 \./28;/2a<n\(3332RST N 2 - kQ
Vivas < 315 mVryp - fosc/4 - -

SS2 PWM Frequency Foldback fawz.ss 315 mMVyyp < Vo5 < 740 mVyp - fosc/2 - -
Vivas > 740 mVryp - fosc - -

Hiccup Mode

Hiccup2 OCP Enable Threshold Vhiczen | Vssz rising - 1.2 - \
Vss2 > Vhiczens Vives < 315 mVryp - 30 - g,vc\{i

Hiccup2 OCP Counts thice,oce Y
Vss2 > Vhiczens Vivas > 315 mVryp - 120 - cycles

Current Protections

Pulse-by-Pulse Current Limit I im2,ton(min) | ton = tonminy 1.8 2.1 2.4 A

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vi > Vyn start @nd Vycp — Vyiy > VCPyy and Vygeg > VREGyy 4 are satisfied before VIN is reduced.
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A4410

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

ELECTRICAL CHARACTERISTICS - LINEAR REGULATOR (LDO) SPECIFICATIONS *: validat 3.6 V4 <V <36V,
—40°C < T, = T; < 150°C, unless otherwise specified.

Characteristic | symbol | Test Conditions | min. [ Typ. Max. Unit
V5 and V5P Linear Regulators
V5 Accuracy & Load Regulation Vys 10 mA < ly5 < 155 mA, Vyrgg = 5.25V 4.9 5.0 5.1 \
V5 Output Capacitance Range 2 Coutvs 1.0 - 22 uF
V5P Accuracy & Load Regulation Vysp 10 mA < lysp <255 mA, Vygrgg =5.25V 4.9 5.0 5.1 \Y
V5P Output Capacitance 2 CouTvsp 1.6 22 4.1 uF
VVCP =9 V, TRACK = 1, Iv5 =25 mA,
Iv5p =80 mA, Isv3 =150 mA, |1vz5 =700 mA
Vuscmint | (192 mAto Vigee) 4.85 - -
1) TA = 150°C, VV|N =512 V, VVREG =501V
2) Ty =—-40°C 2, Vyy = 5.12V, V. =5.06V
V5 and V5P Minimum Output Voltage? ) Ta VIN VREG Vv
Vyep = 8.5V, TRACK =1, ly5 = 25 mA,
lysp = 80 MA, lzy3 = 150 mA, ljy25 = 700 mA
Vysxming | (213 mAto Vgeg) 4.25 - -
1) To = 150°C, Vy )y = 4.50 V, Vyggg = 4.39 V
2) Tp=-40°C 2, Vyy = 4.50 V, Vygeg = 444 V
V5P Tracking
V5P/3V3 Tracking Ratio Vysp * Vays 1.505 1.515 1.525 -
V5P/3V3 Tracking Accuracy TRACKgyg |20V F Vava = 39 V. TRACK =1, -0.66 _ +0.66 %
av3 = lvsp =75 MA
V5P/V5 Tracking Accuracy TRACKy5 3.5 V_< VV_5 <50V, TRACK=0, -35 - +35 mV
Iv5p = Iv5 =75mA
V5P Over Current Protection
V5P Current Limit 1 V5P, m Vysp =5V -285 -400 - mA
V5P Foldback Current 1 V5Prek | Vysp =0V -60 -115 -170 mA
V5 Over Current Protection
V5 Current Limit 1 V5, m Vys=5V -175 -245 - mA
V5 Foldback Current 1 V5K Vys=0V -35 =70 -105 mA
V5P & V5 Startup Timing
V5P Startup Time 2 Cysp 2.9 uF, Load =25 Q 5% (200 mA) - 0.17 0.60 ms
V5 Startup Time 2 Cys < 2.9 yF, Load = 33 Q +5% (150 mA) - 0.24 1.0 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 Ensured by design and characterization, not production tested.

3 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
4 The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vyin > VCPy 4 and Vygeg > VREGy  are satisfied before VIN is reduced.
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS — CONTROL INPUTS 1: valid at 3.6 V 4 < V) < 36 V, —40°C < T, = T, < 150°C, unless
otherwise specified.

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
3V3 Linear Regulator
3V3 Accuracy & Load Regulation Vays 10 mMA < Izy3 <165 MA, Vyggg =5.25V 3.28 3.30 3.37 \
3V3 Output Capacitance Range 2 Coutavs 1.0 - 22 uF

Vyep =9V, TRACK = 1, lys = 25 mA,
lysp = 80 MA, lgy3 = 150 MA, l4y25 = 700 mA
Vavamint | (192 mAto VREG) 3.23 3.30 _
1) Tp = 150°C, Vypy = 5.12 V, Vyreg = 5.01V
= oC 2 = =
3V3 Minimum Output Voltage 2 2) Ty = ~40°C % Vyiny = 512 V, Vygee = 5.06 V Vv
Vyep = 8.5V, TRACK = 1, lys = 25 mA,

Iv5p =80 mA, |3vg =150 mA, |1vz5 =700 mA
Vavaminz | (213 mAto VREG) 3.15 3.30 -
1) TA = 15000, VV|N =4.50 V, VVREG =439V

2) TA =-40°C 2, VV|N =4.50 V, VVREG =4.44V

3V3 Over Current Protection

3V3 Current Limit 1 3V31Lm Viay3=3.3V -185 -260 - mA

3V3 Foldback Current 1 3V3rek Vay3 =0V -40 =75 -130 mA

3V3 Startup Timing

3V3 Startup Time 2 | Cay3 2.9 yF, Load = 33 Q +5% (100 mA) | - 0.17 0.55 ms

Ignition Enable (ENBAT1 and ENBAT2) Inputs

ENBAT1, ENBAT2 Thresholds Venparxt | Vengar 5ing 29 53 55 v
VeneatxL | Vensarx falling 2.2 26 29 \

ENBAT1, ENBAT2 Hysteresis VengatxHys | VensaTx.H — VENBATXL - 700 - mV

ENBAT1, ENBAT2 Bias Current 1 |ENBATX BIAS Ty =25°C3 Vensary = 3.51V — 28 1 WA

' T, =150°C, VengaTx = 3.51V - 35 55

E'::sAt;lEENBATZ Pull-Down Renars | Vensary < 1.2V _ 650 B KO

Logic Enable (ENB) Input

ENB Thresholds Vener | Vens fising — — 20 v

Veng.L Veng falling 0.8 - - \Y

ENB Bias Current ! IENB,IN Veng = 3.3V - - 175 HA

ENB Resistance Rens - 60 - kQ

ENB/ENBATX Filter/Deglitch

Enable Filter/Deglitch Time EN g pit 10 15 20 us

ENB/ENBATx Shutdown Delay

Measure td, po o from the falling edge of
LDO Shutdown Delay td  po,orr | ENB and ENBAT1 and ENBAT2 to the time 15 50 100 us
when all LDOs begin to decay

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vyin > VCPyy 4 and Vygeg > VREGy  are satisfied before VIN is reduced.
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A4410

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

ELECTRICAL CHARACTERISTICS — CONTROL INPUTS (continued) 1: valid at 3.6 V4 <V <36 V,—40°C < T, =T, <
150°C, unless otherwise specified.

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

TRACK Input

VT, V. risin - - 2.0 \
TRACK Thresholds 2 TRACK TS

VTL VTRACK falllng 0.8 - - \
TRACK Bias Current ! Bt - -100 - pA
FSET/SYNC Input
FSET/SYNC Pin Voltage Veserisyne | No external SYNC signal - 800 - mV
FSET/SYNC Open Circuit (Under VESET! | PWM switching disabled upon detection - 3 - us
Current) Detection Time SYNC.UC
FSET/SYNC Short Circuit (Over VeseT PWM switching disabled upon detection - 3 - us
Current) Detection Time SYNC,0C
Sync. High Threshold SYNCyy | Vsync rising - - 2.0 \
Sync. Low Threshold SYNCy,. | Vsync falling 0.5 - - \Y
Sync. Input Duty Cycle DCsync - - 80 %
Sync. Input Pulse Width tWsyne 200 - - ns
Sync. Input Transition Times 2 ttsyne - 10 15 ns
SLEW Input
SLEW Pin Operating Voltage VsLew - 800 - mV
SLEW Pin Open Circuit (Under .
Current) Detection Time Vsiewuc | PWM latched off upon detection - 3 - us
SLEW Pin Short Circuit (Over .
Current) Detection Time Vsiewoc | PWM latched off upon detection - 3 - us
SLEW Bias Current IsL ew - -100 - nA

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 Ensured by design and characterization, not production tested.

3 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
4 The lowest operating voltage is only valid if the conditions Vyy > Vyn start @nd Vycp — Vyiy > VCPyy and Vygeg > VREGyy 4 are satisfied before VIN is reduced.
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS 1: valid at 3.6 V 4 < V,y < 36 V, -40°C < T, = T, < 150°C, un-
less otherwise specified.

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
NPOR OV/UV Protection Thresholds
Vv V3y3 risin 3.41 3.51 3.60
3V3 OV Thresholds 3v3.0vH | Yavs TP Vv
Vav3’ov’|_ st3 falllng - 3.49 -
3V3 OV Hysteresis Vsvs.ovhys | Vavaovh — Vavsovl 10 20 40 mV
V V33 risin - 3.12 -
3V3 UV Thresholds 3v3uvH | Ysvs M99 v
V3V3,UV,L V3va falllng 3.00 3.10 3.19
3V3 UV HyStereSiS V3V3,UV,HYS V3V3,UV,H — V3V3,UV,L 10 20 40 mV
Vv Vv risin 1.29 1.32 1.35
1V25 OV Thresholds 1v25,0vH_| Y1vzs M99 v
Vivasove | Vives falling - 1.31 -
1V25 OV HyStereSiS V3V3,OV,HYS V1V25,OV,H - V1V25,OV,L 5 10 20 mV
Vv \% rising, triggers turn on of LDOs - 1.19 -
1V25 UV Thresholds 1v250vH | Y1vzs 99, 769 Vv
Vivasovl | Vaves falling 1.15 1.18 1.21
1V25 UV HyStereSiS V3V3,UV,HYS V1V25,UV,H - V1V25,UV,L 5 10 20 mV
NPOR Turn-on and Turn-off Delays
NPOR Turn-on Delay tdnpoRr.ON 12 15 18 ms
NPOR Turn-off Propagation Delay tdnpoR OFF E’\:IB and ENBAT1 and ENBATZ low to NPOR - 15 23 us
NPOR Output Voltages
:ENB o=r ‘Etl:lnBA{-\ﬂ or ENBAT2 high, VIN22.5V, B 150 400
NPOR Output Low Voltage VNPOR.L NPOR - mV
' ENB or ENBAT1 or ENBAT2 high, VIN = 1.5V,
_ - - 800
Inpor = 2 MA
NPOR Leakage Current 1 INPOR,LKG VNPOR =33V - - 2 HA
NPOR and POK5V OV Delay Time
. V5P, V5, 3V3, and 1V25 over voltage detection
Over Voltage Detection Delay tdoy delay time, WDgy, = 0 6.40 8.00 9.60 ms
NPOR and POKS5V UV Filtering/Deglitch
. . ) Applies to under-voltage of the 3V3, 1V25, V5,
UV Filter/Deglitch Times tdp T and V5P voltages 10 15 20 us

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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vyy > Vi starT @nd Vycp — Vyin > VCPy 4 and Vygeg > VREGy 1 are satisfied before VIN is reduced.
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A4410 Adjustable Frequency Buck or Buck/Boost Pre-Regulator with a
Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

ELECTRICAL CHARACTERISTICS — DIAGNOSTIC OUTPUTS (continued) 1: valid at 3.6 V4 <V <36 V,-40°C < T, = T,
< 150°C, unless otherwise specified.

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

POK5V OV/UV Protection Thresholds
V, Vys risin 5.15 5.33 5.50

V5 OV Thresholds vsovr | Yvs T8N v
VV5,OV,L Vv5 falllng — 5.30 -

V5 OV Hysteresis Vysovrys | Vvsovh = Vvsovi 15 30 50 mV
\ Vys5 risin - 4.71 —

V5 UV Thresholds vsuvH | Tvs T8N Vv
VV5,UV,L Vv5 falllng 4.50 4.68 4.85

V5 UV Hysteresis Vysuvhys | Vvsuvn — VYvsovl 15 30 50 mV

V5P Output Disconnect Threshold Vysppisc | Vvsp rising - 7.2 - \Y
V. Vysp risin 5.15 5.33 5.50

V5P OV Thresholds VsPOVH_| *vsp ST v
VV5P,OV,L VV5P falllng - 5.30 -

V5P OV HyStereSiS VV5P,OV,HYS VV5P,OV,H - VV5P,OV,L 15 30 50 mV
V, Vysp risin - 4.71 -

V5P UV Thresholds vsPuvH | Yvsp 8ING Vv
VVPS,UV,L Vv5p falllng 4.50 4.68 4.85

V5P UV Hysteresis Vvspuvhys | Vvspuvh — Vvspuvl 15 30 50 mV

POKS5V Output Voltages

ENB =1 or ENBAT1 =1 or ENBAT2 =1,

Vyin2 2.5V, lpoksy =4 MA B 150 400
POKS5V Output Voltage Vpoksv.L mV
' ENB =1 or ENBAT1 = 1, ENBAT2 = 1, _ _ 800

Vyin = 1.5V, Ipoksy =2 mA
POK5V Leakage Current IPOK5V,LKG VP0K5V =33V - - 2 HA
VREG, VCP, and BG Thresholds

VREGqoyH | Vyreg rising, LX1 PWM disabled 5.70 5.95 6.20
VREG QV Thresholds : \%
VREGqy, | Vyreg falling, LX1 PWM enabled - 5.85 -
VREG OV Hysteresis VREGoy, VRrecovH — VREGOV.L - 100 - mV
HYS
VREG \2 rising, triggers rise of SS2 4.14 4.38 4.62
VREG UV Thresholds uvr | Yvrec T9NG, 1199 v
VREGyy, | Vyrec falling - 4.28 -
VREG UV HyStereSiS VREGUV‘ VREGUV H— VREGUV L - 100 - mV
HYS ' '
VCP OV Thresholds VCPoyH | Vyep rising, latches all regulators off 11.0 12,5 14.0 \
VCP \% rising, PWM enabled 2.95 3.15 3.35
VCP UV Thresholds uvr | Yvop MSTY v
VCPyyL | Ve falling, PWM disabled - 2.8 -
VCP UV Hysteresis VCPyyhys | Vepuvn — Vepuvi - 350 - mV
BGREF & BGFAULT UV Thresholds 2 BGxyy BGyrer or BGpay, 7 rising 1.00 1.05 1.10 V
Ignition Status (ENBAT1S and ENBAT2S)
V \% risin 2.9 3.3 3.5 Vv
ENBATXS Thresholds ENBATXSH | VENBATx STI9
VENBATXS,L VENBATX falllng 2.2 2.6 2.9 V
ENBATXS Output Voltage VOengass, lengaTs = 4 MA - - 400 mvV
LO
ENBATXS Leakage Current (1) IENBATXS VENBATS =33V - - 1 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 Ensured by design and characterization, not production tested.

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

4 The lowest operating voltage is only valid if the conditions Vyy > Vyy start @nd Vycp — Vyin > VCPyy 4 and Vygeg > VREGy  are satisfied before VIN is reduced.
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A4410

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

ELECTRICAL CHARACTERISTICS — WINDOW WATCHDOG TIMER (WWDT) 1: valid at 3.6 V4 < V,y <36 V, -40°C < T, =
T, <150°C, unless otherwise specified.

Characteristic | Symbol | Test Conditions | Min. Typ. Max. Unit
WD Enable\ Input (WDENnR)
WD V, falling, WDT enabled 0.8 - — \%
WDgy, Voltage Thresholds ENn.LO WOENN — g -
WDgnnHi | Vwbenn rising, WDT disabled - - 2.0 \Y
WDegy, Input Resistance Rwb,Enn - 60 - kQ
WD, Voltage Thresholds & Current
WD V falling, WD ulled low by R 0.8 - - \
WD,y Input Voltage Thresholds IN.LO WDIN — 9 ADJ P - Y ZAp)
WD\ Hi Vo, N rising, WDpp, charging - - 2.0 \
WD|N Input Current 1 WD|,|N VWD,|N =5V -10 +1 10 UA
WD,y Timing Specifications
WD|N Frequency WDlN,FREQ - - 750 Hz
WD|N Duty CyCIe WD|N,DUTY 20 50 80 %
Watchdog Activation Delay WDgraRT DLY 24 30 36 ms
WD Programming (WDpp,)
WD Timeout FAST Range 2 1.0 - 25 ms
WD Timeout SLOW Range 2 — 4.0 - 100 ms
) Rapy = 13 kQ 0.8 1.0 1.2
WD Timeout, FAST Clock WD+0 FasT ms
' Rapy = 324 kQ 20 25 30
) Rapy = 13 kQ 3.2 4.0 4.8
WD Timeout, SLOW Clock WD+o sLow ms
' Rapy = 324 kQ 80 100 120
WD One-Shot Time
WD Pulse Time after a WD Fault twp,FauLT 1.6 2.0 2.4 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 Ensured by design and characterization, not production tested.

3 Specifications at 25°C or 85°C are guaranteed by design and characterization, not production tested.
4 The lowest operating voltage is only valid if the conditions Vyy > Vyy starT @nd Vycp — Vyin > VCPy 4 and Vygeg > VREGy y are satisfied before VIN is reduced.
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A4410

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

Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

FUNCTIONAL DESCRIPTION

Overview

The A4410 is a power management IC designed for automo-
tive applications. It contains a pre-regulator plus four DC post
regulators to create the voltages necessary for typical automo-
tive 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 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-regulators gener-
ate the various voltage levels for the end system.

The A4410 includes four internal post regulators; three linear
regulators and one fixed output synchronous buck regulator.

Buck-Boost Pre-Regulator (VREG)

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 boost functionality can
maintain all outputs with input voltages down to 2.8 V. The
A4410 includes a compensation pin (COMP1) and a soft-start pin
(SS1) for the pre-regulator.

)

Figure 1: Performance for Representative VIN
Start/Stop Transients

VIN7yp = 12V, VINyy = 4 V, 20 ms/DIV

The pre-regulator provides protection and diagnostic functions.

Over voltage protection

High voltage rating for load dump

Switch node to ground short circuit protection
Open freewheeling diode protection

Pulse-by-pulse current limit

A e

Hiccup mode short circuit protection (shown below)

‘ WH

Figure 2: Pre-regulator Hiccup Mode when VREG is
Shorted to GND
CH1 = VREG, CH2 = COMP1, CH3 = SS1, CH4 =14, 1 ms/DIV

Synchronous Buck Regulator (1V25)
The A4410 integrates the high-side and low-side MOSFETs nec-
essary for implementing a 1.25 V/750 mApc/1 Apgag Synchro-
nous buck regulator. The synchronous buck is powered by the
5.35 V pre-regulator output. An LC filter is required to complete
the synchronous buck regulator. The A4410 includes a compen-

sation pin (COMP2) and a soft-start pin (SS2) for the synchro-
nous buck.

Protection and safety functions provided by the synchronous
buck are:

Under voltage detection

Over voltage detection

Switch node to ground short circuit protection

Pulse-by-pulse current limit

A

Hiccup mode short circuit protection (shown below)
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A4410

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

Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR
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Figure 3: Synchronous Buck Hiccup Mode when Vg1
is Shorted to GND

CH1=Vgy1, CH2=COMP1, CH3=SS1, CH4=IL1, 500 ps/DIV
Low Dropout Linear Regulators (LDOs)

[ ]

The A4410 has three low dropout linear regulators (LDOs), one
3.3 V/160 mAyax (3V3), one 5 V/150 mA 4x (V5), and one
high-voltage protected 5 V/250 mA;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.
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Figure 4: LDO Foldback Protection

All linear regulators provide the following protection features;

1. Under voltage and over voltage detection
2. Current limit with fold back short circuit protection

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.

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 I TRACKING V5P
LDO

A
REFERENCE
2:1
MUX

L 11

V6 3V3

Figure 5: TRACK Input Circuit
Window Watchdog Timer (WDT)

The A4410s window watchdog circuit monitors an external clock
applied to the WDy pin. This clock should be generated by the
micro-controller or DSP. The time between rising edges of the
clock must fall within an acceptable “window” or a watchdog
fault is generated. A watchdog fault will set NPOR for typ paurt
(typically 2 ms). A watchdog fault will occur if the time between
rising edges is either too short (a FAST fault) or too long (a
SLOW fault).

WD WD | WDo | WINDOW
D) 0SsC WATCHDOG
CLK,, N TIMER
WD » IN
Enn > WDEN" L 2 WDFAULT —>
RADJ > % WDSTART —>

Figure 6: Window Watchdog Timer

Allegro MicroSystems, LLC 1 9
955 Perimeter Road

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



A4410

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

Synchronous Buck, 3 Internal LDOs, Window Watchdog Timer, and NPOR

The watchdogs time “window” is programmable via the WD
pin according to the following equations:

Rypy=3.240 * WDTO,SLOW

WD10,rast = WDro sow/ 4
Where WD g1 ow 18 the nominal watchdog timeout (in ms)
and R, p; is the required external resistor value (in k) from the
WD p; pin to ground. Typical watchdog operation and FAST
and SLOW fault conditions are shown in Figures 13a and 13b.

The watchdog is enabled if two conditions are met: (1) the
WDgy, pin is a logic low and (2) all the regulators (1V25, 3V3,
V5, and V5P) have been above their under voltage thresholds for
at least 30 mspyp (WDgrarT DLY)-

After startup, if no clock edges are detected at WDy for at least
WDgrarr LY T WD1T0 sLow the A4410 will set NPOR low for
twp rauLT and reset its counters. This process will repeat until the
system recovers and clock edges are applied to WDyy. A timing
diagram for the “missing clock™ situation is shown in Figure 13c.

Dual Band Gaps (BGyrep, BGrauLT)

Dual band gaps, or references, are implemented within the
A4410. One band gap (BGyrgr) is dedicated solely to closed
loop control of the output voltages. The second band gap
(BGpayrt) 1s employed for fault monitoring functions. Having
redundant band gaps improves reliability of the A4410.

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

If the monitoring band gap is out of specification (BGg 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 band gap circuits include two,
smaller secondary band gaps that are used to detect under voltage
of the main band gaps during power-up.

Adjustable Frequency and Synchronization
(FSET/SYNC)

The PWM switching frequency of the A4410 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:

7. -1.175
_ osc
Reser 12724 )

Where RFSET is in kQ and fgc is the desired oscillator (PWM)
frequency in kHz.

A graph of switching frequency versus FSET resistor values is
shown below.
2250
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500 S
250
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Figure 7: Switching Frequency vs. FSET Resistor
Values

The PWM frequency of the A4410 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.

Frequency Dithering and LX1 Slew Rate Con-
trol

The A4410 includes two innovative techniques to help reduce
EMI/EMC for demanding automotive applications.

First, the A4410 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 A4410 spreads the spectrum around fogc thus creating a lower
magnitude at any comparative frequency. Frequency dithering is
disabled if SYNC is used or VIN drops below approximately

8.3 V.
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Second, the A4410 includes a pin to adjust the turn on 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 ring-
ing and high frequency harmonics of the regulator. The rise time
may be adjusted to be quite long and will increase thermal dis-
sipation of the pre-regulator if set too slow. Typical values of rise
time versus Rgj gy are

Table 1: Rg, gy Vs. Rise Time

RsLew (kQ) LX1 Rise Time (ns)
8.66 7
44.2 11
100 20

Enable Inputs (ENB, ENBAT1, ENBAT2)

Three enable pins are available on the A4410. A high signal on
any of these pins enables the A4410. One enable (ENB) is logic
level compatible for micro-controller control. The other inputs
(ENBAT1 and ENBAT2) must be connected to the ignition (IGN)
or accessory (ACC) switch through a relatively low value series
resistance, 2 kQ — 3.6 kQ. For transient suppression it is recom-
mended that a 0.1 pF — 0.22 uF capacitor be placed after the
series resistance to form a low pass filter for the ENBAT1 and
ENBAT?2 pins as shown in the Applications Schematic.

Bias Supply (VCC)

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 reliable operation of the
A4410. These features include;

1. Input voltage (VIN) under voltage lockout
2. Under voltage detection

3. Short-to-ground protection
4

Operation from either VIN or VREG for low battery voltage
operation

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 VIN
or VREG, 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 VCP minus VIN voltage
is regulated to approximately 6.5 V.

The charge pump can provide enough current to operate the pre-
regulator and the LDOs at full load provided VIN is greater than
6.0 V. Optional components D3, D4, and CP3 must be included
if VIN drops below 6.0 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 Vi = 13 V and 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
02pF '
! Required if VREG |
is fully loaded and |
Vi <6.0V
o &
(&) (&)

Figure 8: Charge Pump Circuit

The charge pump incorporates some protection features;

1. Under voltage lockout of PWM switching
2. Over voltage “latched” shutdown of the A4410

Startup and Shutdown Sequences

The startup and shutdown sequences of the A4410 are fixed.

If no faults exist and ENBAT1 or ENBAT2 or ENB transition
high the A4410 will perform its startup routine. [f ENBAT1 and
ENBAT?2 and ENB are low for at least ENg gy + td po, opr
(typically 65 ps) the A4410 will enter a shutdown sequence. The
startup and shutdown sequences are summarized in Table 2 and
shown in a timing diagram in Figure 9.

Fault Reporting (NPOR, POK5V)

The A4410 includes two open-drain outputs for error reporting.
The NPOR pin monitors the 1V25 and 3V3 outputs for under and
over voltage. The POKS5V pin monitors the V5 and V5P pin for
under and over voltage.

The NPOR pin incorporates a 15 ms delay after both the 1V25
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and 3V3 outputs have risen above their under voltage thresholds.
This relatively long delay allows the micro-controller plenty of
time to power-up and complete its initialization. There is virtually

The fault modes and their effects on NPOR and POK5V are cov-
ered in detail in Table 3.

no NPOR delay if either the 1V25 or 3V3 falls below the under OVQUQIE[I);LESCT \\//VVBFAULT
voltage threshold. The NPOR pin incorporates an 8 ms delay if | NPOR I I_. il
either of the 1V25 or 3V3 outputs exceeds its over voltage thresh- L < TSD
old. CLK s, ’ _E:
There are no significant delays on the POK5V output after V5 ONIOFF —»{RST ) GIR'II?E:H 125V
and V5P have risen above or fallen below their under voltage » REF < td,, [€— 33V
thrzsholc(iis.ISin.lfila.r ;0 th}(: I\g‘SOR {)]i;ll,)the POKS5V pi(ril .incorporates OVIUV DETECT — y
an 8 ms delay if either the V5 or outputs exceed its over & DELAYS [¢ T [e—V5
voltage threshold. POKSV |_‘ < Glt'(leCH — V5P
FILT
The V5P monitor is a bit unique. If V5P is accidently connected _E:I—
: BG » REF —L [ VP
to the battery voltage then POK5V will bypass the normal 8 ms FALLT =
over voltage delay and set itself low immediately.
Figure 9: Fault Reporting Circuit
Table 2: Startup and Shutdown Logic (signal names consistent with Functional Block Diagram)
. Regulator Control Bits
A4410 Status Signals (0=OFF, 1=ON) C:;;g
EN MPOR VREG UV 1v25 uv 3xLDO uv VREG ON 1vV25 ON LDOs ON
X 1 X X X 0 0 0 RESET
0 0 1 1 1 0 0 0 OFF
1 0 1 1 1 1 0 0 STARTUP
1 0 0 1 1 1 1 0 l
1 0 0 0 1 1 1 1 !
1 0 0 0 0 1 1 1 RUN =
<
DEGLITCH + =
0 0 0 0 0 1 1 1 DELAY
SHUTTING
0 0 0 0 0 1 1 0 DOWN
0 0 1 1 0 0 !
0 0 0 1 1 !
0 0 1 1 1 OFF v

X =DON’T CARE
EN = ENBAT1 + ENBAT2 + ENB
3xLDO UV = 3V3 + V5 UV + V5P UV

MPOR = VCC_UV + VCP_UP+BG1_UV +BG2 UV + SLEW_UV/OV (latched) +FSET_UV/OV + TSD + VCP_OV (latched) +

D1yyssing (latched) +1p 1y x; (latched)

22
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Table 3: Summary of Fault Mode Operation

FAULT TYPE and LATCHED
CONDITION A4410 RESPONSE TO FAULT NPOR POK5V FAULT? RESET METHOD
POKS5V goes low when V5P disconnect occurs, if the fault | Low if fault LO\Q’/;V;en Check for short
V5P short to VBAT persists longer than tdg,, then set NPOR low and turn off all | lasts more . NO L
disconnect circuits on V5P
regulators than tdgy
occurs
- . Check for short
V5, V5P over voltage If OV condition persists for more than tdg,, then set POK5V Not Low NO circuits on V5 or
low effected
V5P
3V3 or 1V25 over If OV condition persists for more than tdgy then set NPOR Low if fault s _Che_ck for short
voltage low and shut off all regulators Low lasts more YE circuits then cycle
than tdgy EN or VIN
Closed loop control will try to raise the voltage but may be Not Decrease the
V5 or V5P under voltage constrained by the foldback current limit effected Low NO load
3V3 or 1V25 under Closed loop control will try to raise the voltage but may be Low Not NO Decrease the
voltage constrained by the foldback or pulse-by-pulse current limit effected load
Not Low if V5 Decrease the
V5 or V5P over current Foldback current limit will reduce the output voltage or V5P are NO
effected load
too low
3V3 over current Foldback current limit will reduce the output voltage Low if 3V3 Not NO Decrease the
< VayzuvL effected load
5218\,225<s\r}0rted to 3rounc<i Continue to PWM but turn off LX2 when the high side Low Not NO Remove the short
HIC2EN> ¥1v25 MOSFET current exceeds || 2 effected circuit
470 mV
1V25 over current VSS2 Not Decrease the
> Vhic2en & Vivos < Enters hiccup mode after 30 OCP faults Low NO
J effected load
470 mV
1V25 over current VSS2 .
> Vinca.en & Vivas > Enters hiccup mode after 120 OCP faults Lowif 1V25 |~ Not NO Decrease the
4‘70 mv < V1V25,UV,L effected load
VREG will decay to 0 V, LX1 will switch at maximum duty Low if 3V3 Low if V5 Connect the
VREG pin open circuit cycle so the voltage on the output capacitors will be very or 1V25 are | or V5P are NO .
VREG pin
close to VBAT too low too low
VREG over current Decrease the
Vyreg <1.95V & Enters hiccup mode after 30 OCP faults Low Low NO load
Veompt = EAlyomax)
VREG over current Low if 3V3 Low if V5 Decrease the
Vyreg > 1.95V & Enters hiccup mode after 120 OCP faults or 1V25 are | or V5P are NO load
VCOMP1 = EA1VO(MAX) too low too low
VREG over voltage Low if 3V3 Low if V5
VREG <V 9 Stop PWM switching of LX1 or 1V25 are | or V5P are NO None
OVH1 = YVREG too low too low
VREG asynchronous Results in an MPOR after 1 detection, so all regulators are Low if 3V3 Low if V5 Place D1 then
. L or 1V25 are | or V5P are YES
diode (D1) missing shut off cycle EN or VIN
too low too low
Asynchronous diode . . . Low if 3V3 Low if V5 Remove the short
(D1) short circuited or ReSUIt:XISezZ;\AIPOR af;ir;n?-ehlﬂrats;:s él]\/rIeOSS:ulf'l(;fcf:urrent or 1V25 are | or V5P are YES then cycle EN or
LX1 shorted to ground LIM.LX1 9 too low too low VIN
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Table 3: Summary of Fault Mode Operation (continued)

ALLEGRO

microsystems

FAULT TYPE and LATCHED
CONDITION A4410 RESPONSE TO FAULT NPOR POK5V FAULT? RESET METHOD
Slew pin open circuit Connect SLEW
Results in an MPOR, so all regulators are shut off Low Low YES pin then cycle EN
(SLEW_UC)
or VIN
Slew pin shorted to Remove the short
P Results in an MPOR, so all regulators are shut off Low Low YES then cycle EN or
ground (SLEW_OC) VIN
The A4410 operates at a default oscillator frequency of 450
kHz. If the fault occurs before power up: 1V25 and 3 LDOs Low Low
FSET/SYNC pin shorted | are OFF. VREG (unloaded) runs in pulse skipping mode. Remove the short
. NO circuit or connect
to ground or open circuit The A4410 operates at a default oscillator frequency of the pin
450 kHz. If the fault occurs after power up: 1V25 is OFF and Low High
3 LDOs are ON.
Check VCP/
Charge pump (VCP) Results in an MPOR, so all regulators are shut off Low Low YES CP1/CP2 pins &
over voltage components, then
cycle EN or VIN
Check VCP/CP1/
Charge pump (VCP) Results in an MPOR, so all regulators are shut off Low Low NO CP2 pins and
under voltage
components
VCP pin open circuit Results in VCP_UV and an MPOR, so all regulators are Low Low NO Connect.the VCP
shut off pin
Results on high current from the charge pump and Remove the
VCP pin shorted to . . g . ge pump and short circuit
(intentional) fusing of an internal trace. Also results in Low Low NO
ground and replace the
MPOR so all regulators are shut off.
A4410
CP1 or CP2 pin open Results in VCP_UV and an MPOR, so all regulators are Connect the CP1
L Low Low NO :
circuit shut off or CP2 pins
CP1 pin shorted to Results in VCP_UV and an MPOR, so all regulators are Remove the short
Low Low NO N
ground shut off circuit
. Remove the
CP2 pin shorted to _Resu_lts on hlg_h current_from the charge pump and_ short circuit
(intentional) fusing of an internal trace. Also results in Low Low NO
ground and replace the
MPOR so all regulators are shut off.
A4410
BG or BG Raise VIN or wait
VREF FAULT Results in an MPOR, so all regulators are shut off Low Low NO for BGs to power
under voltage up
If BGyrer is too high, all regulators will appear to be OV
BGvrer 32:?;5';’*“” over (because BGgay, 7 is good). If BGga 1 is too high, all Low Low NO Re}zl:;eot he
¢ regulators will appear to be UV (because BGyggr is good)
VCC under voltage or Raise VIN or
9 Results in an MPOR, so all regulators are shut off Low Low NO remove short
shorted to ground )
from VCC pin
. . Remove the short
WDpp, pin shorted to A WDyp, fault only effects the NPOR output. The remainder . s
S Low High NO circuit or connect
ground or open circuit of the A4410 operates normally. the pin
Thermal shutdown Results in an MPOR, so all regulators are shut off Low Low NO Let tr:;34410
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TIMING DIAGRAMS
(Not to Scale)
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Figure 9: Startup and Shutdown by Enable

*is for “and”, + is for “or”
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135V
VINPIN: ~5.6 V@ 25°C — — —
Decay rate of the VIN pin will depend on
the total capacitance and loads.

VIN_ _ - __
— — — ENB + ENBAT1 + ENBAT2 HIGH

T — S — .

|
T |
| Disharged by RPD,y — |
ischarged by RPDy,, — I— I
SS] AT — =SSl cmm————————————— e e T
——————————————————————— 4 -] —————— —

COMP1

S82

COMP2

125V

33V

VV5P‘UV~H — J— —_—— L —
Vs — + — — + —,

5V

V5P
V5P > VVSP‘UV‘H* - _N tdm V5P > Vvspuw + — _>: Itd V5P > Vvsauw‘:— —N td.
POKSV V5> Vis oy —pl |4 - lsivﬁ““_ _=m i V5> Vg | —pl < ;U T
| |
1
onon MPOR? forces NPOR LOW Wheonon
NPOR P e P
T — 1 3V3>V I —
3V3> Vi — — — — > Voo — — — —»l
WD V25 >V, e — — NPOR| forces VI\/DSTART Low V25>V, o e — —
START — W T T T ——-— —-——>»
STARTDLY WDSTARTDLY
Figure 10: Input Voltage (VIN) Under Voltage for Buck Mode
*is for “and”, + is for “or”
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13.5V A LATCHED FAULT 'WILL BE RESET BY EN LOW
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Figure 11: Over Voltage Operation for 1V25 and 3V3

* is for “and”, + is for “or”
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Figure 12: Over Voltage Operation for V5P and V5

*is for “and”, + is for “or”
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Figure 13c: Watchdog Timer Operation with CLKy Stuck LOW or HIGH at Startup
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DESIGN AND COMPONENT SELECTION

PWM Switching Frequency (RFSET)

When the PWM switching frequency is chosen the designer
should be aware of the minimum controllable on time, ton vy
of the A4410. If the system’s required on time is less than the
A4410’s minimum controllable on time then switch node jitter
will occur and the output voltage will have increased ripple or
oscillations.

The PWM switching frequency should be calculated using equa-
tion 1, where tonavy is the minimum controllable ON time of
the A4410 (195 nspyp), and Vg pax is the maximum required
operational input voltage (not the peak surge voltage).

535V
Jose< T )

tON, MIN I/IN, TYP

If the A4410’s synchronization function is used then the base
oscillator frequency should be chosen such that jitter will not
result at the maximum synchronized switching frequency accord-
ing to equation 1.

Output Inductors (L1 and L2)

For peak current mode control it is well known that the system
will become unstable when the duty cycle is above 50% without
adequate Slope Compensation (Sg). However, the slope compen-
sation in the A4410 is a fixed value based on the oscillator fre-
quency (fogc). Therefore, it is important to calculate an inductor
value so the falling slope of the inductor current (Sy) will work
well with the A4410°s slope compensation.

Equations 2 and 3 can be used to calculate a range of values for
the output inductor for the buck-boost and synchronous buck
regulators. In equation 2a and 3a, slope compensation is a func-
tion of the switching frequency (fogc) according to equations 2b
and 3b, and Vp is the asynchronous diodes forward voltage.

Sg is in A/ps, fogc is in kHz, and L will be in uH
535V +V, 2x(535V+V,
2TV 2x(35VHV)

< 2
s, oH=E S, (2
S, = 0.0007 X f. + 0.0425 (2b)
. 1.25V
LDV _)5e (3a)
2 X SEZ SEZ
S, = 0.0003 % f. + 0.0175 (3b)

If equations 2a or 3a yield 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% of inductor saturation.

The inductors should not saturate given the peak operating cur-
rent according to equations 4a and 4b. In equation 4a Vi \iax 18
the maximum continuous input voltage, such as 16 V, and Vi is
the asynchronous diodes forward voltage.

S, X (535V+V.)
0'9 Xf;)SC x (KN,MAX + VI')
S, x 125V
0.9 % f,. %545V

Loy = 4.6 4—

(4a)

Lpyr =244 — (4b)

After an inductor is chosen it should be tested during output short
circuit conditions. The inductor current should be monitored
using a current probe. A good design should be sure the inductor
or the regulator are not damaged when the output is shorted to
ground at maximum input voltage and the highest expected ambi-
ent temperature.

Output Capacitors

The output capacitors filter the output voltage to provide an
acceptable level of ripple voltage and they 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: Cq, ESRcg, ESL.
V[N — VOUT x ESL(:U + AIL (5)

AV, = Al x ESR., +
o ! “ L, 8foscCour

The type of output capacitors will determine which terms of
equation 8 are dominant. For ceramic output capacitors the
ESR(q and ESL(, are virtually zero so the output voltage ripple
will be dominated by the third term of equation 5.

A
gﬁ)SC C{)UT

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

AV = (6)

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
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amount

AVpur = Al X ESR, + gESLco (7)

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
(R4, C,, Cp) are discussed in more detail in the Compensation
Components section of this data sheet.

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,
IOUTL’\/[AX X 025

0.90 x foic X 50 mV

Cy=> (S)

Where [T max i the maximum current from the pre-regulator,
[OUTA/IAX = [31/3 + ]V5P + [V5 + 03 X IIVZJ' + 20 mA (9)

A good design should consider the dec-bias effect on a ceramic
capacitor — as the applied voltage approaches the rated value, the
capacitance value decreases. The XSR 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 (i.e. 1206/16 V or
1210/50 V).

Buck-Boost Asynchronous Diode (D1)

The highest peak current in the asynchronous diode (D1) occurs
when VIN is very low (2.8 V) and both the buck and boost oper-
ate at their maximum duty cycles (approximately 84% and 67%,
respectively),

1.88

e 10
0.9 x foo X L1 (10

Al BB

Loown = 1.5 ﬁM 0.6 x NT) (11)

Where [T max i the maximum current from the pre-regulator
defined by equation 9.

The highest average current in the asynchronous diode occurs
when VIN is at its maximum, Dggogt = 0%, and Dgyck = mini-
mum (16% at 2 MHz),

IAVG = IOUYTMAX X (1 _DBUCK,MIN) = IOUTMAX X 0 84 (]2)

Where IoytMmax is calculated using equation 9.

Boost MOSFET (Q1)

The RMS current in the boost MOSFET (Q1) occurs when VIN
is very low (2.8 V) and both the buck and boost operate at their
maximum duty cycles (approximately 84% and 67%, respec-

tively),
ALY Al
IQI,RMS = v067 X[V(]PKVB/B, 7“? 4 FB/B

Where Al and Ipg g/ are derived using equations 10 and 11,
respectively.

(13)

The boost MOSFET should have a total gate charge of less than
14 nC at a Vgg of 5 V. The Vg rating of the boost MOSFET
should be at least 20 V. Several recommendations are shown in
the Functional Block Diagram/Typical Schematic.

Boost Diode (D2)

In buck mode this diode will simply conduct the output current.
However, in buck boost mode the currents in this diode may
increase quite a bit.

Al
s = 1.5 % (Tpas + 0,16 < 222) (14)
Al
IAVG =0.33 x [PK,B/37 0.16 % % (15)

Where Al p is derived using equation 10.

Charge Pump Capacitors

The charge pump requires two capacitors: a 1 uF connected from
pin VCP to VIN and 0.22 pF connected between pins CP1 and
CP2 These capacitors should be a high-quality ceramic capacitor,
such as an X5R or X7R, with a voltage rating of at least 16 V.
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Soft Start and Hiccup Mode Timing (Cgg4,
Css2)

The soft start times of the buck converters are determined by the
value of the capacitance at the soft start pin, Cgg, (n =1 or 2 for
the pre-regulator or synchronous buck, respectively).

The voltage at the soft start pin will start from 0 V and will be
charged by the soft start current, ISSng; (n =1 or 2). However,
PWM switching will not begin instantly because the voltage

at the soft start pin must rise above the soft start offset voltage
(VSSngggs). The soft start delay (tss, ppray) can be calculated
using equation 16,

VSSn
fssnpsrar = Cosn ¥ ( 1SSn =
su

(16)
If the A4410 is starting into a very heavy load a very fast soft
start time may cause the regulator to exceed the pulse-by-pulse
over current threshold. This occurs because the total of the full
load current, the inductor ripple current, and the additional cur-
rent required to charge the output capacitors (Icqg = Cq x Vour/
tgg) 1s higher than the pulse-by-pulse current threshold, as shown
in Figure 14.

Output
Capacitor
Current, |,

Figure 14: Output Current (Ico) During Startup

To avoid prematurely triggering hiccup mode the soft start
capacitor, Cqg,, should be calculated according to equation 17,

C > ISS”SU x VOUT X COUT (1 7)
©= 08V <,

Where Vqyr is the output voltage, Coy is the output capaci-
tance, ICO is the amount of current allowed to charge the output
capacitance during soft start (recommend 0.1 A <I-5 < 0.3 A).
Higher values of I result in faster soft start time and lower
values of I insure that hiccup mode is not falsely triggered. We
recommend starting the design with an I~ of 0.1 A and increas-
ing it only if the soft start time is too slow. If a non-standard

capacitor value for Cgg,, is calculated, the next larger value should
be used.

The output voltage ramp time, tgg,, can be calculated by using
equation 18,

COUT (]8)
ICO

tSSn + VOUT X
When the A4410 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 ISSng; and discharges the
same capacitor with ISSny;~ between startup attempts.

Compensation Components (RZ, CZ, CP)

To compensate the system it’s important to understand where the
buck power stage, load resistance, and output capacitance form
their poles and zeros in frequency. Also, its important to under-
stand that the (Type II) compensated error amplifier introduces

a zero and two more poles and where these should be placed to
maximize the system’s stability, provide a high bandwidth, and
optimize the transient response.

First, we will take a look at the power stage of the A4410, the
output capacitors, and the load resistance. This circuitry is com-
monly referred as the “control to output” transfer function. The
low frequency gain of this section depends on the COMP to SW
current gain (gmpqowgr). and the value of the load resistor (RL).
The DC gain (GCOyyyy) of the control-to-output is

GCO()HZ = ngOWER X RL (]9)
The control to output transfer function has a pole (fp;) formed by
the output capacitance (Coyt) and load resistance (RL) at

1
Jo = 27 x RL % C,,,

(20)
The control to output transfer function also has a zero (fz;)
formed by the output capacitance (Cqyr) and its associated ESR

[ —
“7 21 x ESR % Cypyy

2D
For a design with very low-ESR type output capacitors (i.e.
ceramic or OSCON output capacitors), the ESR zero, f,, is usu-
ally at a very high frequency so it can be ignored. On the other
hand, if the ESR zero falls below or near the 0 dB crossover
frequency of the system (as is the case with electrolytic output
capacitors), then it should be cancelled by the pole formed by the
CP capacitor and the RZ resistor (discussed and identified later as

fp3).
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A bode plot of the control-to-output transfer function for the
A4410 application circuit shown on page 2 (Voyr=5.0 V, Igyr =
2.5A, RL =2 Q) is shown in Figure 15. The pole at fp; can easily
be seen at 1.9 kHz while the ESR zero, f;;, occurs at a very high
frequency, 636 kHz (this is typical for a design using ceramic
output capacitors). Note, there is more than 90° of total phase
shift because of the double-pole at half the switching frequency.

80 T T T T T
b ] [
60 | | | | |
777777 e T e C e R
40 T T T T T
" GCO,,,=15.1dB 1~ f,=1.9kHz ~| S R R
20 t t t t t
,,,,,,,,,,,,, P | ]
0 | | | | |
777777
20 l l l l l
,,,,,, oo IS
-40 T T T T
b [ N
SEL>> T T 1 1 |
0 . . ) ) ‘
DB (V(Vo,,)/V(COMP))
180d
777777 e et LT T e e e EE T ST
90d T T T T T
—————— e Ei S e e R
00d - ; - : : :
! ! ! ! Double Pole at
il el et A~ eiuiuiiek A i 212.5 kHz
| | | ! | i
-80d i i i T | i
N P i | R [ (P PR . N [ .
‘ ‘ ! ! i !
-180d T
10 100 Hz 1.0 kHz 10 kHz 100 kHz 1.0mi

Figure 15: Control-to-Output Bode Plot

Next, we will take a look at the feedback resistor divider, (Rpg;
and Rgp,), the error amplifier (gm), and its compensation net-
work R,/C,/Cyp. It greatly simplifies the transfer function deriva-
tion if Ry >> Ry, and C; >> Cp. In most cases, Rg >2 MQ, 1
kQ <R, <100 k€, 220 pF < C, <47 nF, and Cp < 50 pF, so the
following equations are very accurate.

The low frequency gain of the control section (GCyy,) is formed
by the feedback resistor divider and the error amplifier. It can be
calculated using equation 24, where Vot is the output voltage,
Vg is the reference voltage (0.8 V), gm is the error amplifier
transconductance (750 nA/V), and R, is the error amplifier out-
put impedance (AVOL/gm).

RFBZ
RFBI + RFBZ

VFB
= X gm X R
VOUT ©

GCy. = x gm X R,

(22)

VFB
x AVOL
VOUT

The transfer function of the Type-II compensated error amp

has a (very) low frequency pole (fp,) dominated by the output
error amplifier’s output impedance R, and the C; compensation
capacitor,

1
= 23
Jrz 2t X R, x C, (23)
The transfer function of the Type-II error amp also has a low
frequency zero (f;,) dominated by the R resistor and the C,
capacitor.

1

=— 24
2n xR, X C, (24

S

Lastly, the transfer function of the Type-II compensated error
amp has a (very) high frequency pole (fp;) dominated by the R,
resistor and the Cp capacitor

1

=— 25
2n xR, X C, (25)

I

A bode plot of the error amplifier and its compensation net-
work is shown in Figure 16, fp,, fp3, and f;, are indicated on the
magnitude plot. Notice that the zero (f,, at 3.8 kHz) has been
placed so that it is just above the pole at fp; previously shown in
the control-to-output bode plot at 1.9 kHz, Figure 15. Placing f,
just above fpq will result in excellent phase margin, but relatively
slow transient recovery time, as we will see later.

T [ %,=80Hz o~ f,=38KHz | . | | |
i f.; =90 kHz |
20 ! ‘\_,\ |
| R R ey i Sy Ry S i | \m”i
° i i i i R
777777 e T
20 ; ' ! ! !
,,,,,, Y IS S DA T N AU B

180d

-180d

10 Hz 100 Hz 1.0 kHz 10 kHz 100 kHz

Figure 16: Type-ll Compensated Error Amplifier
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Finally, we take a look at the combined bode plot of both the b I O S S IS S A SO A ]
control-to-output and the compensated error amp — see the red 60 __\ 777777 R I R I I I I
curve shown in Figure 17. Careful examination of this plot shows ~— #{—— —— ~——T— S —
that the magnitude and phase of the entire system (in red) are S —_— —_— — —— ——
simply the sum of the error amp response (blue) and the control 0 - - ‘ - GM=14dB—
to output response (green). As shown in Figure 17, the bandwidth 20— L 777777777777 i 77777777777 J 77777777 f=60kHz N
of this system (fc) is 60 kHz, the phase margin is 69 degrees, and 40

the gain margin is 14 dB. o ‘ H ‘

180d

90d

00d -

-90d

t
10 Hz 100 Hz 1.0 kHz 10 kHz 100 kHz 1.0Mi

Figure 17: Bode Plot of the Complete System

(red curve)
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PCB LAYOUT RECOMMENDATIONS

Figure 18: PCB Layout #1

The input ceramic capacitors (C3, C4, C5, C6, C34) 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 (4.7 F, 50 V, 1210) 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.

Figure 19: PCB Layout #2

The pre-buck asynchronous diode (D1), input ceramic capacitors (C4, C5, C6), and RC snubber (RN, CN) must be routed on one layer and
“star” grounded at a single location with multiple vias.
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2
NetD2_1

L1

2
<
'.FPEG 'v'FiEb ‘ \.fPElJ

HPEG { vReg

Figure 20: PCB Layout #3

The pre-buck output inductor (L1) should be located close to the LX1 pins.
The LX1 trace widths (to L1, D1, RN) should be relatively wide and preferably on the same layer as the IC

O OO0
b (b b
= NW

2 2 2 2
VREG i VREG & VREG t VREG

waecb dbdb

GND GND GND
— CS

Figure 21: PCB Layout #4

The pre-buck regulators output ceramic capacitors (C10 — C14) should be located near the VREG pin
There must be 1 or 2 smaller ceramic capacitors (C8, C9) as close as possible to the VREG pin
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L2

2
NetB2_1

O

HANIRIRES

Figure 22: PCB Layout #5

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.

NetB2_1 NetB2_1 NetB2_1

NetB5_1

Figure 23: PCB Layout #6

If the synchronous buck is adjustable, the two feedback resistors (R15, R16) must be located near either the
FBADJ or FB1V25 pin. The output capacitors (C16 — C18) should be located near the load.
The output voltage sense trace (to R15) must connect at the load for the best regulation.
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1
-1

Figure 24: PCB Layout #7
The charge pump capacitors (C1, C2) must be placed as close as possible to VCP and CP1/CP2.

17: NetB3_1

18:GND 21 NetR14_2
19: NetR18_2

20 NetR13_2

Figure 25: PCB Layout #8

The ceramic capacitors for the LDOs (3V3, V5, V5P, V5CAN, V5SNR, etc) must be placed near their output pins.
The V5P output must have a 1 A/40 V schottky diode (D5) located very close to its pin to limit negative voltages.
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Figure 26: PCB Layout #9 Figure 27: PCB Layout #10
The FSET resistor must be placed very close to the FSET/SYNC pin. The COMP network for both buck regulators (CZx, RZx, CPx) must be
Similarly, the VCC bypass capacitor must be placed very close to the located very close to the COMPXx pin.
VCC pin.

2

NetD2_1

Figure 28: PCB Layout #11 Figure 29: PCB Layout #12
The thermal pad under the A44xx must connect to the ground The boost MOSFET (Q1) and the boost diode (D2) must be placed
plane(s) with multiple vias. very close to each other. Q1 should have thermal vias to a polygon
on the bottom layer. Also, there should be “local” bypass capacitors
(C33, C35).
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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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can improve thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)

Figure 30: Package LV, 38-Pin eTSSOP
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