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Not for New Design

This part is in production but has been determined to be NOT FOR
NEW DESIGN. Sale of this part is currently restricted to existing
customer programs already using the part. The part should not be
purchased for new programs or designed into new applications.
Samples are no longer available.

Date of status change: September 1, 2016

Recommended Substitutions: A8589, A8590, or A8591

For existing customer transition, and for new customers or new appli-
cations, contact Allegro Sales.

NOTE: For detailed information on purchasing options, contact your
local Allegro field applications engineer or sales representative.

Allegro MicroSystems, LLC reserves the right to make, from time to time, revisions to the anticipated product life cycle plan
for a product to accommodate changes in production capabilities, alternative product availabilities, or market demand. The
information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC assumes no respon-
sibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.
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A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Output

FEATURES AND BENEFITS

Continued on the next page...

Package: 16-pin TSSOP with exposed
thermal pad (suffix LP)

Automotive AEC-Q100 qualified

Withstands surge voltages up to 40 V

Operates as low as 3.4 Vyy (typ) with V decreasing
Utilizes pulse frequency modulation (PFM) to draw only
tens of microamperes from VIN while maintaining
keep-alive VOUT

PWM/PFMn mode control input pin

Delivers up to 2.5 A of output current with integrated

110 mQ high voltage MOSFET

SLEEPn input pin commands ultra-low current

shutdown mode

Adjustable output voltage with +£1.0% accuracy from 0°C
to 85°C, +1.5% from —40°C to 150°C

Programmable switching frequency: 250 kHz to 2.4 MHz
Synchronization capability: applying a clock input to the
PWM/PFMn input pin will increase the PWM frequency
Active low, power-on reset (NPOR) open-drain output

Not to scale

DESCRIPTION

Designed to provide the power supply requirements of next
generation car audio and infotainment systems, the A8580
provides all the control and protection circuitry to produce a
high currentregulator with+1.0% output voltage accuracy. The
A8580 employs pulse frequency modulation (PFM) to draw
less than 50 pA from 12V while supplying 3.3 V/40 pA.
After startup, the A8580 operates down to at least 3.6 Viy
(V| falling).

Features of the A8580 include a PWM/PFMn mode control
input to enable PWM (logic high) or PFM (logic low). If
the PWM/PFMn input is driven by an external clock signal
higher than the base frequency (fogc) the PWM frequency
synchronizes to the incoming clock frequency. The SLEEPn
input pin commands an ultra-low current shutdown mode
requiring less than 5 pA for internal circuitry and 10 pA (max)
for MOSFET leakage at 16 Vpy, 85°C. The A8580 has external
compensation to accommodate a wide range of frequencies
and external components, and provides a power-on reset
(NPOR) signal validated by the output voltage.

Continued on the next page...

APPLICATIONS:

¢ Automotive:
O Instrument
clusters
o Audio Systems

o Navigation
o HVAC

* Home Audio
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Typical Application Diagram
Typical application schematic, configured for Viy =12V, Voyr = 3.3 V, Igyt = 2.5 A at 425 kHz (see Applications Information section
for configuration producing Vg1 = 5.0 V)
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A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

Features and Benefits (continued)

Pre-bias startup capable, VOUT will not cause a reset
External compensation for maximum flexibility

Stable with ceramic or electrolytic output capacitors
Excellent set of protection features to satisfy the most
demanding applications

Overvoltage, pulse-by-pulse current limit, hiccup mode short
circuit, and thermal protection

Robust FMEA, with pin open/short and component faults
Thermally enhanced, surface mount package

Selection Guide

Description (continued)

Extensive protection features of the A8580 include pulse-by-pulse
current limit, hiccup mode short circuit protection, open/short
asynchronous diode protection, BOOT open/short voltage protection,
VINundervoltage lockout, V or overvoltage protection and thermal
shutdown.

The A8580 is supplied in a low profile 16-pin TSSOP package
with exposed power pad (suffix LP). It is lead (Pb) free, with 100%
matte-tin leadframe plating.

Part Number Operating Ambient 'I;emperature Range Packing
TA! ( C)
A8580KLPTR-T —40to 125 4000 pieces per 13-in. reel

Contact Allegro for additional packing options.
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A8 58 0 Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

SPECIFICATIONS
Absolute Maximum Ratings*
Characteristic Symbol Notes Rating Unit
VIN, SLEEPnN, SS Pin Voltage -0.3t0 40 \Y
. Continuous (minimum limit is a function of —0.31toVy +0.3

SW Pin Voltage Vaw temperature)

t<50ns -1.0toVy+3 \

Continuous Vgw—0.3 to Vg + 5.5 \
BOOT Pin Voltage Voot — SW SW

BOOT OV Fault Condition Vgw—0.3to Vg + 7.0 \

) Continuous -0.3t0 5.5

BIAS Pin Voltage Vgias —

BIAS OV Fault Condition —-0.3t06 \
All Other Pins Voltage -0.3t0 5.5 \Y
Operating Ambient Temperature Ta K temperature range —40to 125 °C
Maximum Junction Temperature T,(max) 150 °C
Storage Temperature Tstg -55to 150 °C

*Operation at levels beyond the ratings listed in this table may cause permanent damage to the device. The Absolute Maximum ratings are stress ratings only, and func-
tional 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.

Thermal Characteristics may require derating at maximum conditions, see application information
Characteristic Symbol Test Conditions* Value Unit

Package Thermal Resistance Reua On 4-layer PCB based on JEDEC standard 34 °C/W

*Additional thermal information available on the Allegro website.

- Allegro MicroSystems, LLC 3
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A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR QOutput
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A8 58 0 Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

Pin-out Diagram and Terminal List Table

VIN O BOOT
VIN sw
ss fm———y sw
SLEEPn : oD : GND
GND[E] I I VREG
PWM/PFMn [6 | ---- BIAS
NPOR [7] FB
FSET [8] [9] comp

Package LP, 16-pin TSSOP with Exposed Thermal Pad
Pin-out Diagram

Terminal List Table

Name Number Function

1" BIAS Bias input, supplies internal circuitry.
High-side gate drive boost input. This pin supplies the drive for the high-side N-channel MOSFET. Connect a 47 nF

16 BOOT . .
ceramic capacitor from BOOT to SW.
Output of the error amplifier and compensation node for the current mode control loop. Connect a series RC network from

9 COMP this pin to GND for loop compensation. See the Design and Component Selection section of this datasheet for further
details.

10 FB Feedback (negative) input to the error amplifier. Connect a resistor divider from the regulator output, VOUT, to this pin to
program the output voltage.

8 FSET Frequency setting pin. Aresistor, Rgger, from this pin to GND sets the base PWM switching frequency (fogc). See the

Design and Component Selection section for information on determining the value of Rgget.
5,13 GND Ground pins.

Active low, power-on reset output signal. This pin is an open drain output that transitions from low to high impedance after
the output has maintained regulation for tp(npoR)-

7 NPOR

Exposed pad of the package providing enhanced thermal dissipation. This pad must be connected to the ground plane(s)

- PAD of the PCB with at least 6 vias, directly in the pad land.

Sets operating output mode (fgy). Setting this pin low forces Low-IQ PFM mode (fgy set by load). Setting this pin high
6 PWM/PFMn | forces PWM mode switching at the the base frequency (fosc), set by Rrser Applying an external clock input to this pin
forces synchronization of PWM to the clock input rate (fsync), at a rate higher than fogc. SLEEPN low overrides this pin.

Setting this pin low forces sleep mode (very low current shutdown mode: Vgt = 0 V). This pin must be set high to enable

4 SLEEPn the A8580. If the application does not require a sleep mode, then this pin can be tied directly to VIN. Do not float this pin.
3 ss Soft start and hiccup pin. Connect a capacitor, Cgg, from this pin to GND to set soft start mode duration. The capacitor
also determines the hiccup period during overcurrent.
14 15 SwW The source of the high-side N-channel MOSFET. The external free-wheeling diode (D1) and output inductor (Lg) should

’ be connected to this pin. Both D1 and Ly should be placed close to this pin and connected with relatively wide traces.

192 VIN Power input for the control circuits and the drain of the high-side N-channel MOSFET. Connect this pin to a power supply
’ providing from 4.0 to 35 V. A high quality ceramic capacitor should be placed and grounded very close to this pin.

12 VREG Internal voltage regulator bypass capacitor pin. Connect a 1 pF ceramic capacitor from this pin to ground and place it very

close to the A8580.

;ammn - Allegro MicroSystems, LLC 5
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A8 58 0 Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

ELECTRICAL CHARACTERISTICS: valid at 4.0 V< V;y <35V, -40°C < T, = T, < 150°C; unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Input Voltage
Input Voltage Range'! Vin 4.0 - 35 \Y
VIN UVLO Start V|NUV(ON) V|N rlSlng 3.6 3.8 4.0 \Y
VIN UVLO Stop Vinuv(orr) | Vin falling 3.2 34 3.6 \Y
VIN UVLO Hysteresis V|NUV(HYS) - 400 - mV
Input Supply Current
\Y <05V, T;=85C, V=16V - 5 15 A
Sleep Mode Input Supply Current2.6 Iin(sLEEP) SLEEPN d N s
VsLeepn £ 0.5V, T;=85°C, V)y =35V - 7 25 pA
PWM Mode Input Supply Current? Iineewwmy | Veias > 3.2V, lgyr = 0 mA - 25 5.0 mA
V|N =12 V, VOUT =33 V, VPWMPFMn <0.8 V,
lLo 100) | lout =40 pA, Ty =25°C, components selected - - 50 pA
B per table 3
V|N =12 V, VOUT =50 V, VPWMPFMI’] <0.8 V,
Low-IQ PFM Input Supply Current2.3 lLo 1a¢1) | lout =200 pA, Tp = 25°C, components selected - - 250 pA
per table 3
Vin=12V, Vout =6.5V, Vpywmprvn < 0.8 V,
lLo 1a@) | lour=1mA, Ty =25°C, components selected - - 750 pA
per table 3
Voltage Regulation
0°C<T;<85°%C,V|y 24.1V, Vg =V 792 800 808 mV
Feedback Voltage Accuracy* Veg 2 N FE__"COMP
—40°C < T; < 150°C, V|y 24.1V, Vig = Veomp 788 800 812 mV
Low-IQ PFM Mode Output Voltage Vv 3.0V <Vppas <5.5Vandl g |q specifications 33 _ 6.5 v
Setting Range'3 OUT(LO_IQ)| gatisfied ) )
PWM Output Voltage Setting Range3 Vout Vgias = GND, PWM only, no PFM mode 0.8 - 10 \
To=85°C,DCR <75 mQ, V|y=3.7V, _
IOUT =1 A, fSW =425 kHz 3.21 3.3 v
Ta= §5°C, DCF\’_LO <S75mQ, Viy=56V, 4.96 5.0 _ Vv
lout = 1A, fgw =425 kHz
Output Dropout Voltage3 Vout(san
Ta=85°C, DCR <50 mQ, V|y=4.8V, 3.28 33 _ Vv
lout = 1A, fsw = 2 MHz : :
To=85°C,DCR <50 mQ, V|y=7.1V, _
lour = 1A, faw = 2 MHz 4.94 5.0 v
Low-IQ PFM Mode Ripple V0|t8963 AVOUT(LO_IQ) tga:)/|e<:;/IN <12V, components selected per _ 30 65 mVPP
Low-IQ PFM Mode Peak Current | fsw < 750 kHz - 750 - MApEAK
Threshold PEAKILOIQ) ¢ > 750 kHz - 850 - MApEAK
Maximum load to maintain AVoyrLo 1q),
Low-IQ PFM Mode DC Load Current3 | loyrLo 1q) - 400 550 700 mA

components selected per table 3

Continued on the next page...
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A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator

With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

ELECTRICAL CHARACTERISTICS (continued): valid at 4.0 V S V,y S 35 V, -40°C < Tp =

< 150°C; unless otherwise speci-

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

Error Amplifier

Feedback Input Bias Current2 Irs -38 - -16 nA

Open Loop Voltage Gain AvoL Veomp =12V - 65 - dB

Transconductance o 400 mV < Vig 550 750 950 pAIV
0V < Vgg <400 mV 275 375 475 PAV

Output Current lea Veomp =12V - +75 - MA

COMP Pull-Down Resistance Rcomp | FAULT =1 or HICCUP =1 - 1 - KQ

Pulse Width Modulation (PWM)

PWM Ramp Offset PWMgees | Veowp level required for 0% duty cycle - 400 - mV

Minimum Controllable PWM On-Time  [toninypw \1/25;:):_\/{78;’1:6 4Y;5'\C;UT =1A - 95 135 ns

Minimum Switch Off-Time torFmINgPWM - 95 130 ns

COMP to SW Current Gain ImPOWER - 2.85 - ANV
fosc = 2.44 MHz 2.1 3.0 3.9 Alus

Slope Compensation3 Sg fosc = 1.00 MHz 0.60 0.91 1.2 Alus
fosc = 252 kHz 0.14 0.20 0.26 Alus

MOSFET Parameters'

High-Side MOSFET On-Resistance® | Rpsionyis Ty =25°C, Vaoor ~Vsw =45 ¥, lps = 0-4 A — 1o 125 mo
T, =150°C, Vgoor — Vsw =4.5V, Ipg =04 A - 190 215 mQ
$fN<=815€:C\;/, Vs eepn £ 0.5V, Vg =0V, _ _ 10 VA

High-Side MOSFET Leakage?26 likg(Hs)

T;<150°C, Vg gepn = 0.5V, Vg =0V, _ 60 150 UA
Vin=16V

SW Node Slew Rate3 SRsw 12V<Vp<16V - 0.72 - Vins

Low-Side MOSFET On-Resistance5 RosenyLs | Ty =25°C, V26V, Ipg=0.1A - - 10 Q

PWM Switching Frequency
Reset = 8.06 kQ, Veywmprmn= high 2.20 244 2.70 MHz

Base PWM Switching Frequency fosc Reser = 23.7 KQ, Vpywmprmn= high 0.90 1.00 1.10 MHz
ReseT = 102 kQ, Vpywmpemn= high - 252 - kHz

PWM Synchronization Timing

Synchronization Frequency Range fsyncvuLT) fo;'cz(t;p) - fo;.CS(t;p) -

Synchronized PWM Frequency fsyncPwi) - - 2.9 MHz

Synchronization Input Duty Cycle Dsyne - - 80 %

Synchronization Input Pulse Width twsyne 200 - - ns

Synchronization Input Rise Time3 trsyne - 10 15 ns

Synchronization Input Fall Time3 trsync - 10 15 ns

Continued on the next page...
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A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator

With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

ELECTRICAL CHARACTERISTICS (continued): valid at 4.0 V < V|y <35V, —40°C < Tp = T, < 150°C; unless otherwise speci-

fied
Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
PWM/PFMn Pin Input Thresholds
PWM/PEMn High Threshold Vownprmne 30V = Veins < 38 V, Vewmeen rieing — — 20 v
4.5V <Vgjas <5.5V, VpyympEmn fising - - 2.6 \%
PWM/PFMn Low Threshold Vonprn®) 30V < Vons < 38V, Vewwprun fa"'_ng 08 — — v
4.5V < Vgjag < 5.5V, Vpympewn falling 1.2 - - \Y
PWM/PFMn Hysteresis VpwMpFMnhys 20V = Voins = 3.8 Vs Vownerupy ~ Younrru - 200 - v
45V <Vgps <55V, VPWMPFM(H) - VPWMPFM(L) - 400 - mV
PWM/PFMn Input Resistance Rewmpemn 120 200 280 kQ
Low-IQ PFM Transition Delay too_iq) E\'/:VgléPzFlr\]/:ghz low, Vss > HIC/PFMen. - 2048 - counts
PFM Mode Timing
Constant PFM Off-Time torrPrm) fos < 1.5 MRz — 495 — e
fosc > 1.5 MHz - 275 - ns
Maximum PFM On-Time tonPFMMAX - 41 - us
SLEEPN Pin Input Thresholds
SLEEPnN High Threshold VsieepH) | VsLeern Mising - 1.3 2.1 \%
SLEEPN Low Threshold Vsieep) | Vsieepn falling 0.5 1.2 - \
SLEEPnN Delay toisteep) | VsLeepn transitioning low 55 103 150 us
SLEEPN Input Bias Current IsLeereias | Vsieepn =95V - 500 - nA
VREG Pin Output
VREG Output Voltage | Vireo |Vems=0V - 3.05 - v
BIAS Pin Input
BIAS Input Voltage Range | Vens | 3.2 - 55 v
BOOT Regulator
BOOT Voltage Enable Threshold Veooten) | Veoor rising 1.7 2.0 22 \
BOOT Voltage Enable Hysteresis VBooT(HYS) - 200 - mV
ggg;ev?:zraeg:ht%w-&de Switch Veoorisois)| Veoor fising - 4.1 - \
Soft Start Pin
FAULT, HICCUP Reset Voltage Vssrst | Vss falling due to Rsgrir) - 200 275 mV
eon OCP Graton BEH o Vg BERERE
Maximum Charge Voltage Vssmax) - VyRreG - -
Startup (Source) Current lsssu HICCUP = FAULT =0 -30 -20 -10 pA
Hiccup (Sink) Current Isshic | HICCUP =1 24 5 10 pA
Pull-Down Resistance Rss(FLm) FAULT =1 or Vg ggp,, = low — 2 — kQ
Continued on the next page...
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A8 58 0 Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

ELECTRICAL CHARACTERISTICS (continued): valid at 4.0 V < V|y <35V, —40°C < Tp = T, < 150°C; unless otherwise speci-
fied

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

Soft Start Pin (continued)

0V < Vgg<200 mV - fosc/ 4 - -
Soft Start Frequency Foldback faw(ss) | 200 mV < Vgg <400 mV - fosc/2 - -

400 mV < Vig - fosc - -
Soft Start Delay Time3 toiss) | Css =22nF - 440 - us
Soft Start Output Ramp Time3 tss Cgs=22nF - 880 - us
Hiccup Modes
Hiccup, OCP Count OCPm | Vss>2.3Vand OCL =1 - 120 - counts
:‘gﬁ%‘:& d?%gjnt’”dem'tage BOOTy - 120 - counts
CH:icjzlj::tp, BOOT Overvoltage (Open) BOOToy _ 7 _ counts
Overcurrent Protection (OCP)

ILimeronming| ton = tongingPwim 36 4.1 4.6 A

PWM Pulse-by-Pulse Limit ton = (1/fsw) — torrminpwu: N0 PWM 23 3.1 a9 N

| S
LIMTONMAX)! synchronization

Output Voltage Protection (OVP)

VOUT Overvoltage PWM Threshold Voutovewm| Vg rising, PWM mode 860 880 902 mV
VOUT Overvoltage Hysteresis Voutowvs | Ves falling, relative to Voyrovypwm - -10 - mV
VOUT Undervoltage PWM Threshold  (Voyruvyewn| Ves falling, PWM mode 715 740 765 mV
VOUT Undervoltage Hysteresis Vourwvys | Vrs rising, relative to Voyruyipwm - 10 - mV
VOUT Undervoltage PFM Threshold | Voyruyyerm | Vs falling, Low-1Q PFM mode 665 700 735 mV
Power-On Reset (NPOR) Output

NPOR Rising Delay tonpor) | Vs rising only 5 7.5 10 ms
NPOR Low Output Voltage VnPor@) | INPor =5 MA - 185 400 mV
NPOR Leakage Current? InPOR(LKG) | VNPOR = 5.5V -1 - 1 MA

Thermal Protection

PWM stops immediately and COMP and SS are

155 170 185 °C
pulled low

Thermal Shutdown Rising Threshold3 Tsp

Thermal Shutdown Hysteresis3 TspHys - 20 - °C

1Thermally limited depending on input voltage, output voltage, duty cycle, regulator load currents, PCB layout, and airflow.
2Negative current is defined as coming out of the node or pin, positive current is defined as going into the node or pin.
3Ensured by design and characterization, not production tested.

4Performance at the 0°C and 85°C ranges ensured by design and characterization, not production tested.

5Performance at 25°C ensured by design and characterization, not production tested.

6Performance at 85°C ensured by design and characterization, not production tested.

;ammn - Allegro MicroSystems, LLC 9
i lle m"". 115 Northeast Cutoff
’ o Worcester, Massachusetts 01615-0036 U.S.A.
T

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com




A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator

With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR QOutput

CHARACTERISTIC PERFORMANCE
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Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

FUNCTIONAL DESCRIPTION

Overview

The A8580 is an asynchronous, current mode, buck regulator that
incorporates all the control and protection circuitry necessary to
provide the power supply requirements of car audio and infotain-
ment systems.

The A8580 has three modes of operation. First, the A8580 can
deliver up to 2.5 A in pulse width modulation (PWM) mode.
Second, in Low-1Q pulse frequency modulation (PFM) mode,
the A8580 will draw only tens of microamperes from Vg while
maintaining Vg (at no load). Under most conditions, Low-IQ
PFM mode is typically capable of supporting up to 550 mA.
Third, with the SLEEPn pin low, the A8580 will enter an ultra-
low current shutdown (sleep) mode where Vo1 =0 V and the
total current drawn from Vy will typically be less than 10 pA.

The PWM/PFMn input pin is used to select either PWM or
Low-IQ PFM mode. In PFM mode the A8580 is able to supply a
relatively high amount of current (typically 550 mA). This allows
enough current for a microcontroller or DSP to fully power-up.
After power-up, to obtain the full current capability of the A8580,
the microcontroller or DSP must change the PWM/PFMn input
from a logic low to a logic high to force PWM mode. This will
provide full current to the remainder of the system.

The A8580 was designed to support up to 2.5 A. However, the
exact amount of current it will supply, before possible thermal
shutdown, depends heavily on: duty cycle, ambient temperature,

2.75

2.50

\ \\\\
225 N \ NN

: e
2.00 AN 2

Current Rating (A)

1.50 —
—— Viy=12V,Vour =5V, fgy = 2 MHz \\
125 +— ==== VIN: 12V,VOUT:5V, fsw=425 kHz \
oo | — ViN=12V,Vour =33V, fw = 2 MHz N
b VIN =12 V, VOUT =33 V, fSW =425 kHz
0.75 | | | |
75 85 95 105 115 125 135

Ambient Temperature (C)

Figure 1: A8580 Typical Current Derating

airflow, PCB layout, and PCB construction. Figure 1 shows
calculated current ratings versus ambient temperature for Vyg=
12V, and Vo =3.3 Vand 5.0 V, at both fqy, = 425 kHz and
fgw = 2 MHz. This analysis assumed a 4-layer PCB constructed
according to the JEDEC standard (vielding a thermal resistance
of 34°C/W), with no nearby heat sources, and no airflow.

Reference Voltage

The A8580 incorporates an internal reference that allows output
voltages (Voyut) as low as 0.8 V. The accuracy of the internal
reference is +1.0% from 0°C to 85°C and +1.5% from —40°C to
150°C. The output voltage is programmed by connecting a resis-
tor divider from VOUT to the FB pin of the A8580, as shown in
the Typical Applications schematics.

PWM Switching Frequency

The PWM switching frequency of the A8580 is adjustable from
250 kHz to 2.4 MHz and has an accuracy of about £10% across
the operating temperature range.

During startup, the PWM switching frequency changes from 25%
to 50% and finally to 100% of fogc, as Vg rises from 0 V to
the regulation voltage. The startup switching frequency is dis-
cussed in more detail in the section describing soft start, below.

If the regulator output is shorted to ground, Vg = 0 V, the PWM
frequency will be 25% of fygc. In this case, the extra low switch-
ing frequency allows extra off-time between SW pulses. The
extra off-time allows the output inductor current to decay back to
0 A before the next SW pulse occurs. This prevents the inductor
current from climbing to a value that could damage the A8580 or
the output inductor.

SLEEPN Input

The A8580 has a SLEEPn logic level input pin. To get the A8580
to operate, the SLEEPn pin must be a logic high (>2.1 V). The
SLEEPn pin is rated to 40 V, allowing the SLEEPn pin to be con-
nected directly to VIN if there is no suitable logic signal available
to wake up the A8580.

When SLEEPn transitions low, the A8580 waits approximately
103 ps before shutting down. This delay provides plenty of
filtering to prevent the A8580 from prematurely entering sleep
mode because of any small glitch coupling onto the PCB trace or
SLEEPn pin.
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PWM/PFMn Input and PWM Synchronization

The PWM/PFMn pin provides two major functions. It is a control
input that sets the operating mode, and also an optional clock
input for setting PWM frequency.

If PWM/PFMn is a logic high, the A8580 operates in PWM
mode. If PWM/PFMn is a logic low, the A8580 operates in
Low-IQ PFM (keep alive) mode. When PWM/PFMn transitions
from logic high to logic low, the A8580 checks for Vgg>2.3 V
and NPOR at logic high. If these two conditions are satisfied,
then the A8580 will wait 2048 internal clock cycles and then
enter Low-IQ PFM mode. This delay provides plenty of filter-
ing to prevent the regulator from prematurely entering PFM
mode because of any small glitch coupling onto the PCB trace or
PWM/PFMn pin.

Also, note that the SLEEPn pin must be a logic high or the
PWM/PFMn input has no effect. The interaction between the
SLEEPn pin and PWM/PFMn pin is summarized in Table 1.

If an external clock is applied to the PWM/PFMn pin, the A8580
synchronizes its PWM frequency to the external clock. The
external clock may be used to increase the A8580 base PWM
frequency (fogc) set by Rggpr. Synchronization operates from

1.2 x fogc(typ) to 1.5 x fogc(typ) . The external clock pulses must
satisfy the pulse width, duty cycle, and rise/fall time requirements
shown in the Electrical Characteristics table in this datasheet.

BIAS Input Functionality, Ratings, and Con-
nections

When the A8580 is powering up, it operates from an internal
LDO regulator, directly from VIN. However, Vyy can be a rela-

Table 1: A8580 Modes of Operation

Pin Inputs Operating Mode
SLEEPNn | PWM/PFMn Name Description
Low Don’t care Sleep Vour=0V
High High faw = fi
9 9 sw ~ losc Vour = OK
y PWM fsw = and
Igh | | | PWM/PFMI’] IOUT <25A
clock in
Hiah —I_ Enter Low-IQ PFM after 2048 cycles,
¢ if Vgg > 2.3 V (typ) and NPOR = high
Vour = OK
. fsywis VOUT and
High Low Low-1Q PFM dependent lour <
550 mA (typ)
High Low Low-IP PWM Fault, I at 50%

tively high voltage and an LDO is very inefficient and generates
extra heat. To improve efficiency, especially in Low-1Q PFM
mode, a BIAS pin is utilized. For most applications, the BIAS pin
should be connected directly to the output of the regulator, Vyr.
When Vit rises to an adequate level (approximately 3.1 V), the
A8580 will shut down the inefficient LDO and begin running its
control circuitry directly from the output of the regulator. This
makes the A8580 much more efficient and cooler.

The BIAS pin is designed to operate in the range from

3.2 to 5.5 V. If the output of the regulator is in this range then
Vour should be routed directly to the BIAS pin. However, if
the output of the regulator is above 5.6 V then a very small
LDO, capable of at least 5 mA, must be used to reduce the volt-
age to either 3.3 V or 5.0 V before routing it to the BIAS pin.
Operating with an external LDO will reduce the efficiency in
Low-1Q PFM mode.

The BIAS pin may be driven by an external power supply. For
startup, there are no sequencing requirements between VIN and
BIAS. However, for shutdown, VIN should be removed before
BIAS. If BIAS is removed before VIN it will cause the A8580 to
reset. The reset will cause the A8580 to terminate PWM switch-
ing and Vg1 will decay. Also, NPOR, Vg, and Vqpp Will be
pulled low. Ideally, the SLEEPn pin should be used to set the
mode of the A8580 before VIN and/or BIAS are turned on or off.

If the BIAS pin is grounded, the A8580 will simply operate
continuously from VIN. However, during PFM mode, the input
current will increase and the PFM efficiency will be significantly
reduced.

Transconductance Error Amplifier

The transconductance error amplifier primary function is to con-
trol the regulator output voltage. The error amplifier is shown in
Figure 2. Here, it is shown as a three-terminal input device with
two positive and one negative input. The negative input is simply

400 mV

SS Pin Error Amplifier

COomP

J_ * O PBin
I

Figure 2: The A8580 Error Amplifier
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connected to the FB pin and is used to sense the feedback voltage
for regulation. The two positive inputs are used for soft start and
steady-state regulation. The error amplifier performs an analog
OR selection between its two positive inputs. The error amplifier
regulates to either the soft start pin voltage (minus 400 mV) or
the A8580 internal reference, Vygp, Whichever is lower.

To stabilize the regulator, a series RC compensation network
(RZ and CZ) must be connected from the error amplifier output
(the COMP pin) to GND, as shown in the Typical Applica-

tions schematics. In most instances an additional, relatively low
value, capacitor (CP) should be connected in parallel with the
RZ-CZ components to reduce the loop gain at very high frequen-
cies. However, if the CP capacitor is too large, the phase mar-
gin of the regulator may be reduced. Calculating RZ, CZ, and
CP is covered in detail in the Component Selection section of
this datasheet.

If a fault occurs or the regulator is disabled (SLEEPn = low), the
COMP pin is pulled to GND via approximately 1 kQ and PWM
switching is inhibited.

Slope Compensation

The A8580 incorporates internal slope compensation (Sg) to
allow PWM duty cycles above 50% for a wide range of input/out-
put voltages and inductor values. The slope compensation signal
is added to the sum of the current sense amplifier output and the
PWM ramp offset. As shown in the Electrical Characteristics
table, the amount of slope compensation scales with the base
switching frequency set by Rrgpt (fosc)- The amount of slope
compensation does not change when the regulator is synchro-
nized to an external clock.

The value of the output inductor should be chosen such that Sg is
from 0.5x to 1x the falling slope of the inductor current (Sg).

Current Sense Amplifier

The A8580 incorporates a high-bandwidth current sense ampli-
fier to monitor the current in the high-side MOSFET. This current
signal is used by both the PWM and PFM control circuitry to
regulate the peak current. The current signal is also used by the
protection circuitry to prevent damage to the A8580.

Power MOSFETs

The A8580 includes a 40 V, 110 mQ high-side N-channel
MOSFET, capable of delivering at least 2.5 A. The A8580 also
includes a 10 Q, low-side MOSFET to help ensure the BOOT
capacitor is always charged. The typical Rpg,y) increase versus
temperature is shown in Figure 3.

BOOT Regulator

The A8580 contains a regulator to charge the boot capacitor.

The voltage across the BOOT capacitor is typically 5.0 V. If

the BOOT capacitor is missing, the A8580 detects a boot over-
voltage. Similarly, if the BOOT capacitor is shorted the A8580
detects a boot undervoltage. Also, the BOOT regulator has a
current limit to protect itself during a short circuit condition. The
details of how each type of boot fault is handled by the A8580 are
shown in Figures 13 and 14 and summarized in table 2.

Pulse Width Modulation (PWM) Mode

The A8580 utilizes fixed-frequency, peak current mode control to
provide excellent load and line regulation, fast transient response,
and ease of compensation. A high-speed comparator and control
logic, capable of typical pulse widths of 95 ns, are included in the
A8580. The inverting input of the PWM comparator is connected
to the output of the error amplifier. The non-inverting input is
connected to the sum of the current sense signal, the slope com-
pensation, and a DC offset voltage (Vpwmorrs, 400 mV (typ) ).

At the beginning of each PWM cycle, the CLK signal sets the
PWM flip flop and the high-side MOSFET is turned on. When
the summation of the DC offset, slope compensation, and current
sense signal rises above the error amplifier voltage, the PWM flip
flop is reset and the high-side MOSFET is turned off.

The PWM flip flop is reset-dominant, so the error amplifier

may override the CLK signal in certain situations. For example,
at very light loads or extremely high input voltages the error
amplifier reduces (temporarily) output voltage below the 400 mV
DC offset and the PWM flip flop will ignore one or more of the
incoming CLK pulses. The high-side MOSFET will not turn

on, and the regulator will skip pulses to maintain output voltage
regulation.

1.8

e
1.6 -
1.4
1.2 -

1.0 e

0.8

0.6

0.4

Normalized Rpson)

0.2

0.0
-40  -20 0 20 40 60 80 100 120 140 160

Temperature (°C)

Figure 3: Typical MOSFET Rpgon) versus Temperature
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In PWM mode all of the A8580 fault detection circuits are active.
See Figure 13 for a timing diagram showing how faults are han-
dled when in PWM mode. Also, the Protection Features section
of this datasheet provides a detailed description of each fault and
Table 2 presents a summary.

Low-IQ Pulse Frequency Modulation (PFM)
Mode

The A8580 enters Low-1Q PFM mode after 2048 internal clock
cycles, if SLEEPn is high, Vgg > HIC/PFMgy (2.3 V (typ)), and
NPOR is high. In Low-IQ PFM mode, the regulator operates with
a switching frequency, fqyy,, that depends on the load condition.

In Low-1Q PFM mode, a comparator monitors the voltage at

the FB pin. If Vg is above about 800 mV, the A8580 remains

in coast mode and draws extremely low current from the input
supply.

If the voltage at the FB pin drops below about 800 mV, the A8580
will fully power-up, delay approximately 2.5 pus while it wakes
up, and then turn on the high-side MOSFET . Vg1 will rise at

a rate dependent on the input voltage, inductor value, output
capacitance, and load. The high-side MOSFET will be turned off
when either:

« current in the high-side MOSFET reaches Ipgag 0 10)> OF
e the hlgh—SIde MOSFET has been on for tON(PFM)MAX .

Figure 4: Low-IQ PFM Mode Operation at V|y =12V,
Vout = 3.3V, and gyt = 66 mA. SW turns on only once
every 18.5 ps to regulate Vgoyr

After the high-side MOSFET is turned off, the A8580 will again
delay approximately topppr and either:

turn on the MOSFET again, if Vgg < 800 mV, or

return to the Low-IQ PFM mode
Figures 4 and 5 demonstrate Low-1Q PFM mode operation for a
light load (66 mA) and a heavy load (330 mA), respectively.

In Low-IQ PFM mode the average current drawn from the input
supply depends primarily on both the load, and how often the
A8580 must fully power-up to maintain regulation. In Low-1Q
PFM mode the following faults are detected: a missing asynchro
nous diode, an open or shorted boot capacitor, VOUT shorted

to ground, and SW shorted to ground. As described in the next
section, if any of these faults occur the A8580 will transition
from Low-1Q PFM mode to Low-IP PWM mode, with operation
at 50% of the current limit of the PWM switching mode. See
Figure 14 for a timing diagram showing operation of the A8580
in Low-IQ PFM mode.

In Low-IQ PFM mode the A8580 dissipates very little power, so
the thermal monitoring circuit (TSD) is not needed and is dis-
abled to minimize the quiescent current and improve efficiency.

Figure 6 shows PWM to Low-1Q PFM transitions for a typical
microcontroller or DSP system. The system starts in PWM mode
at Ioyt =250 mA and then transitions to Low-1Q PFM mode,
also at Iy = 250 mA (time A). While in Low-1Q PFM mode the

IPEAK(LO_IQ)

Figure 5: Low-IQ PFM Mode Operation at V|y =12V,
Vout =3.3V, and lgyt = 330 mA. SW turns on only
twice every 5 ps to regulate Vot
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current drops from 250 mA to 0 A (time B) and also cycles from
no load to 100 mA (time C). In Low-IQ PFM mode the load steps
from Iy = 0 A to 250 mA (time D) and then the A8580 transi-
tions back to PWM mode (time E). For this example, the output
ripple voltage is always less than 30 mVpp and the transient
deflection between modes is always less than 50 mVpgax.

Reduced Current (Low-IP) PWM Mode

The A8580 supports two different levels of current limiting in
PWM modes:

e 100% current, which is during normal PWM, and

e Low-IP, in which the current is limited to about 50% of the
typical current limit

The Low-IP PWM mode is invoked when the A8580 is supposed

to be in PFM mode but a fault occurs. The purpose of the Low-IP

PWM mode is to give priority to maintaining reliable regula-

tion of Vg while enabling all the protection circuits inside the

A8580 that are normally debiased during Low-1Q PFM mode

(high precision comparators, timers, and counters).

There are several faults that cause a transition from Low-1Q
PFM to Low-IP PWM mode: a missing asynchronous diode, an
open or shorted boot capacitor, VOUT shorted to ground, or SW
shorted to ground. See Figure 14 for a timing diagram showing
operation when the A8580 transitions from Low-1Q PFM mode
to Low-IP PWM mode.

Soft Start (Startup) and Inrush Current Con-
trol

Inrush current is controlled by a soft start function. When the
A8580 is enabled and all faults are cleared, the soft start pin will
source Iggqyy and the voltage on the soft start capacitor, Cqg , will
ramp upward from 0 V. When the voltage at the soft start pin
exceeds approximately 400 mV, the error amplifier will slew its
output voltage above the PWM Ramp Offset (Vpywmorrs)- At that
instant, the high-side and low-side MOSFETs will begin switch-
ing. As shown in Figure 7, there is a small delay (tpsg)) between
when the enable pin transitions high, and when both the soft start
voltage exceeds 400 mV and the error amplifier slews its output
high enough to initiate PWM switching.

After the A8580 begins switching, the error amplifier will regu-
late the voltage at the FB pin to the soft start pin voltage minus
approximately 400 mV. During the active portion of soft start,
the voltage at the soft start pin rises from 400 mVto 1.2 V (a

difference of 800 mV), the voltage at the FB pin rises from 0 V
to 800 mV, and the regulator output voltage rises from 0 V to the
targeted setpoint, which is determined by the feedback resistor
divider on the FB pin.

During startup, the PWM switching frequency is reduced to 25%
of fogc while Vg is below 200 mV. If Vg is above 200 mV but
below 400 mV, the switching frequency is reduced to 50% of
fosc- Also, if Vg is below 400 mV, the g of the error amplifier
is reduced to g,/ 2. When Vg is above 400 mV the switching
frequency will be fogc and the error amplifier gain will be g, .
The reduced switching frequencies and error amplifier gain are
necessary to help improve output regulation and stability when
VOUT is at a very low voltage. When Vqy is very low, the
PWM control loop requires on-times near the minimum control-
lable on-time, as well as extra-low duty cycles that are not pos-
sible at the base operating switching frequencies.

When the voltage at the soft start pin reaches approximately
1.2V, the error amplifier will change mode and begin regulating
the voltage at the FB pin to the A8580 internal reference, 800 mV.
The voltage at the soft start pin will continue to rise to approxi-
mately Vypg. Complete soft start operation from Vqoyr =0V is
shown in Figure 7.

J VsLeepn
| tp(ss) tss

33V

s=12V

Figure 7: Normal Startup to Voyt = 3.3 V and lgyr =
1.6 A; PWM/PFMn pin = high, SLEEPnN pin transitions
from low to high
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If the A8580 is disabled or a fault occurs, the internal fault latch
will be set and the capacitor on the soft start pin will be dis-
charged to ground very quickly by an internal 2 kQ pull-down
resistor. The A8580 will clear the internal fault latch when the
voltage at the soft start pin decays to approximately 200 mV
(VgsrsT)- Conversely, if the A8580 enters hiccup mode, the
capacitor on the soft start pin is slowly discharged by a current
sink, Iggc. Therefore, the soft start capacitor (Cgg) not only
controls the startup time but also the time between soft start
attempts in hiccup mode. Hiccup mode operation is discussed in
more detail in the Protection Features section of this datasheet.

Pre-Biased Startup

If the output of the regulator (V) is pre-biased to some volt-
age, the A8580 will modify the normal startup routine to prevent
discharging the output capacitors. As described previously, the
error amplifier usually becomes active when the voltage at the
soft start pin exceeds 400 mV. If the output is pre-biased, the

FB pin will be at some non-zero voltage. The A8580 will not
start switching until the voltage at the soft start pin increases

to approximately Vig + 400 mV. When the soft start pin volt-
age exceeds this value: the error amplifier becomes active, the
voltage at the COMP pin rises, PWM switching starts, and V1
ramps upward from the pre-bias level. Figure 8 shows startup
when the output voltage is pre-biased to 1.6 V.

Vour rises from 1.6 V, it
is not pulled to 0 V

JVSLEEPn
-

Vour 16V

33V

ss=12V

Switching delayed until Vgg
@— = Vrg +400 mV

Not Power-On Reset (NPOR) Output

The A8580 has an inverted power-on reset output (NPOR) with a
fixed delay of its rising edge (tppor))- The NPOR output is an
open drain output so an external pull-up resistor must be used, as
shown in the Typical Applications schematics. NPOR transitions
high when the output voltage (Voyt), sensed at the FB pin, is
within regulation. In PWM mode, NPOR is high when the output
voltage is typically within 92.5% to 110% of the target value. In
PFM mode, NPOR is high when the output voltage is typically
above 87.5% of the target value. The NPOR overvoltage and
undervoltage comparators incorporate a small amount of hyster-
esis (10 mV typically) and filtering (5 ps typically) to help reduce
chattering due to voltage ripple at the FB pin.

The NPOR output is immediately pulled low either: if an output
overvoltage or an undervoltage condition occurs, or if the A8580
junction temperature exceeds the thermal shutdown threshold
(Tgp). For other faults, NPOR behavior depends on the output
voltage. Table 2 summarizes all the A8580 fault modes and their
effect on NPOR.

At power-up, NPOR must be initialized (set to a logic low)
when Vi is relatively low. Figure 9 shows Vy ramping up, and
also NPOR being set to a logic low when Vpy is only 2.2 V. For
this test, NPOR was pulled up to an external 3.3 V supply via a
2 kQ resistor.

Vgs = 400 mV

Figure 8: Pre-biased Startup from Vot =1.6 V to Vgur

=33V, atloyr= 1.6A

imebase 0.00mg

Figure 9: Initialization of NPOR as V|y Ramps Up
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At power-down, NPOR must be held in the logic low state as
long as possible. Figure 10 shows Vyy ramping down and also
NPOR being held low until Vy is only 1.3 V. For this test, NPOR
was pulled up to an external 3.3 V supply via a 2 kQ resistor.

Protection Features

The A8580 was designed to satisfy the most demanding automo-
tive and non-automotive applications. In this section, a descrip-
tion of each protection feature is described and Table 2 summa-
rizes the protection features and operation.

UNDERVOLTAGE LOCKOUT (UVLO)

An undervoltage lockout (UVLO) comparator monitors the volt-
age at the VIN pin and keeps the regulator disabled if the voltage
is below the stop threshold (Viyyvyorr))- The UVLO comparator
incorporates some hysteresis (Viyyys)) to help reduce on-off
cycling of the regulator due to resistive or inductive drops in the
Vin path during heavy loading or during startup.

PULSE-BY-PULSE OVERCURRENT PROTECTION (OCP)

The A8580 monitors the current in the high-side MOSFET and
if the current exceeds the pulse-by-pulse overcurrent threshold
(I ;p) then the high-side MOSFET is turned off. Normal PWM
operation resumes on the next clock pulse from the internal
oscillator. The A8580 includes leading edge blanking to prevent
falsely triggering the pulse-by-pulse current limit when the high-
side MOSFET is turned on.

Because of the addition of the slope compensation ramp to the

VNPOR

Timebass -320 U g
2 5

Kl= -2338us

1312 ¢

Figure 10: NPOR being Held Low as V;y Ramps Down

inductor current, the A8580 delivers more current at lower duty
cycles and less current at higher duty cycles. Also, the slope
compensation is not a perfectly linear function of switching
frequency. For a given duty cycle, this results in a little more cur-
rent being available at lower switching frequencies than higher
frequencies. Figure 11 shows the typical and worst case min/max
pulse-by-pulse current limits versus duty cycle at fgy =250 kHz
and 2.45 MHz.

If the synchronization input (PWM/PFMn) is used to increase
the switching frequency, the on-time and the current ripple will
decrease. This will allow slightly more current than at the base
switching frequency (fogc).

The exact current the buck regulators can support is heavily
dependent on: duty cycle (Viy, Vour, V¢), ambient temperature,
thermal resistance of the PCB, airflow, component selection, and
nearby heat sources.

OVERCURRENT PROTECTION (OCP) AND HICCUP
MODE

An OCP counter and hiccup mode circuit protect the buck regula-
tor when the output of the regulator is shorted to ground or when
the load is too high. When the voltage at the soft start pin is
below the hiccup OCP threshold (HIC/PFMgy ) the hiccup mode
counter is disabled. Two conditions must be met for the OCP
counter to be enabled and begin counting:

* Vcomp is clamped at its maximum voltage (OCL =1)

4.6

\__\
44 =
42 \Qt:u\- _
I Nl O
N~ I ]
40 Ty B e
O ~ o -
38 Ry - -
N S~ s
_ 36 et
S sa LI N R
z <1 "~ <L
3.2 s ~ T
1<) NS See.
3.0 B O
Min. at 2.45 MHz: [~=k.
2.8 1 em— Typ. at 2.45 MHz ~.,~
26 H = Maxat245MHz LS
= == o Min. at 250 kHz “~.~.
2.4 H ==+ Typ. at250 kHz TN =
== = = Max. at 250 kHz =9
22 T

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Duty Cycle (%)

Figure 11: Pulse-by-Pulse Current Limiting versus
Duty Cycle; at fgy, = 250 kHz (dashed curves) and fgy =
2.45 MHz (solid curves)
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As long as these two conditions are met, the OCP counter
remains enabled and will count pulses from the overcurrent com-
parator. If the COMP pin voltage decreases (OCL = 0) the OCP
counter is cleared.

If the OCP counter reaches OCP; s counts (120), a hiccup latch
is set and the COMP pin is quickly pulled down by a relatively
low resistance (1 kQ). The hiccup latch also enables a small cur-
rent sink connected to the soft start pin (Iggy;c). This causes the
voltage at the soft start pin to slowly ramp downward. When the
voltage at the soft start pin decays to a low enough level (VggrsT,
200 mV (typ)) the hiccup latch is cleared and the small current
sink turned off. At that instant, the soft start pin will begin to
source current (Iggqyy) and the voltage at the soft start pin will
ramp upward. This marks the beginning of a new, normal soft
start cycle as described earlier. (Note: OCP is the only fault that
results in hiccup mode that is ignored when Vqg <2.3 V.)

When the voltage at the soft start pin exceeds the soft start
offset (typically 400 mV) the error amplifier forces the voltage
at the COMP pin to quickly slew upward and PWM switching
will resume. If the short circuit at the regulator output remains,
another hiccup cycle will occur. Hiccups will repeat until the
short circuit is removed or the regulator is disabled. If the short
circuit is removed, the A8580 will soft start normally and the
output voltage will automatically recover to the target level, as
shown in Figure 12.

Short removed  —p»|

Vour

VCOMP

120 OCP counts % la—

ry
2.00ms/div|Normal  2.50 V|
500MS 250 MSis]Edge  Positive]

Figure 12. Hiccup Mode Operation and Recovery to
Vour=3.3V,lgyr=1.6A

2.00 Vidiv| 2.00 Vidiv| 2.00 Addiv|
4.000 V ofsl| 1.000 V of st] -6.000 A of si]

BOOT CAPACITOR PROTECTION

The A8580 monitors the voltage across the BOOT capacitor to
detect if the capacitor is missing or short circuited. If the BOOT
capacitor is missing, the regulator will enter hiccup mode after

7 PWM cycles. If the BOOT capacitor is short circuited, the
regulator will enter hiccup mode after 120 PWM cycles, provided
there is no VOUT overvoltage detection. At no load or very light
loads, the boot charging circuit will increase the output voltage
(via the output inductor) and cause an overvoltage condition to be
detected if Viy > Vout + 5.7 V.

For a boot fault, hiccup mode will operate virtually the same

as described previously for an output short circuit fault (OCP)
with the soft start pin ramping up and down as a timer to initiate
repeated soft start attempts. Boot faults are a non-latched condi-
tion, so the A8580 will automatically recover when the fault is
corrected.

ASYNCHRONOUS DIODE PROTECTION

If the asynchronous diode (D1 in the Typical Applications sche-
matics) is missing or damaged (open) the SW pin will be subject
to unusually high negative voltages. These negative voltages may
cause the A8580 to malfunction and could lead to damage.

The A8580 includes protection circuitry to detect when the
asynchronous diode is missing. If the SW pin is below typically
—1.25 V for more than about 50 ns, the A8580 will enter hic-
cup mode after detecting one missing diode fault. Also, if the
asynchronous diode is short circuited, the A8580 will experience
extremely high currents in the high-side MOSFET. If this occurs
the A8580 will enter hiccup mode after detecting one short cir-
cuited diode fault.

OUTPUT OVERVOLTAGE PROTECTION (OVP)

The A8580 provides a basic level of overvoltage protection by
monitoring the voltage level at the FB pin. Two overvoltage con-
ditions can be detected:

* The FB pin is disconnected from its feedback resistor divider.
In this case, a tiny internal current source forces the voltage at
the FB pin to rise. When the voltage at the FB pin exceeds the
overvoltage threshold (Voyrovypwm, 880 mV (typ)) PWM
switching will stop and NPOR will be pulled low.

* A higher, external voltage supply is accidently shorted to the
A8580s output. Vg will probably rise above the overvoltage
threshold and be detected as an overvoltage condition. In
this case, the low-side MOSFET will continue to operate
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and can correct the OVP condition, provided that only a few
milliamperes of pull-down current are required. In either
case, if the condition causing the overvoltage is corrected the
regulator will automatically recover.

PIN-TO-GROUND AND PIN-TO-PIN SHORT PROTEC-
TIONS

The A8580 is designed to satisfy the most demanding automotive
applications. For example, the A8580 has been carefully designed
from the very beginning to withstand a short circuit to ground at
each pin without suffering damage.

In addition, care was taken when defining the A8580 pin-out to
optimize protection against pin-to-pin adjacent short circuits. For

example, logic pins and high voltage pins are separated as much
as possible. Inevitably, some low voltage pins are located adja-
cent to high voltage pins, but in these instances the low voltage
pins are designed to withstand increased voltages, with clamps
and/or series input resistance, to prevent damage to the A8580.

THERMAL SHUTDOWN (TSD)

The A8580 monitors junction temperature and will stop PWM
switching and pull NPOR low if it becomes too hot. Also, to pre-
pare for a restart, the soft start and COMP pins will be pulled low
until Vgg < Vggrgr)- TSD is a non-latched fault, so the A8580
will automatically recover if the junction temperature decreases
by approximately 20°C.

i Allegro
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TABLE 2: Summary of A8580 Fault Modes and Operation

During fault counting,
Fault before Hiccup mode BOOT NPOR Reset
Vss . Latched? L
Mode v High-Side Low-Side Charging State Condition
come MOSFET MOSFET
. Clamped for | fogc/ 4 due to Can be )
Output Hiccup, after ILiw, then Veg <200 mV, activated if Depends on Automatic,
overcurrent, 120 OCP ulled low for responds to Vv is t00 Not affected v No after remove
Vg< 200 mV faults pufie P BOOT out the short
thCUp VCOMP low
. Clamped for fosc due to Can be .
Output Hiccup, after 0sC . . Automatic,
overcurrent, 120 OCP ulhtle'\fj Itgv?/nfor VrFeB: ::(;)STS/’ Va ctlvati(:dt(;; Not affected Dep\(/ends on No after decrease
Vg > 400 mV faults pufie P BOOT out load current
hiccup Vecowmp low
. . Forced .
Boot capacitor | Hiccup, after Pulled low for off when Forced off Off after Depends on Automatic,
open/missing 7 BOOTgy ) when BOOT BOOT fault P No after replace
hiccup BOOTyy, fault Vout .
(BOOToy) faults fault occurs occurs capacitor
occurs
. . Forced .
Boot capacitor | Hiccup, after Not affected, Forced off ) Automatic,
off when . Off only during | Depends on
shorted 120 BOOTyy | pulled low for only during . No after unshort
. BOOTy fault f hiccup Vout -
(BOOTyy) faults hiccup hiccup capacitor
occurs
Can be Automatic
Asynchronous | Hiccup after Pulled low for Forced off activated if Depends on . ¥
: o ) . Not affected No after install
diode missing 1 fault hiccup after 1 fault Voot is too Vout diode
low
Asynchronous Can be Automatic
diode (or SW) | Hiccup after Pulled low for Forced off activated if Depends on ’
. . Not affected No after remove
hard short to 1 fault hiccup after 1 fault Vgoor is too Vout short
ground low
A_synchronous Hiccup, after Clamped for Active, C_an be . Automatic,
diode (or SW) ILims then activated if Depends on
120 OCP responds to . Not affected No after remove
soft short to pulled low for Vgoort is too Vout
faults ) Veowp short
ground hiccup low
FB pin open Begins to Transitions . . Pulled low Automatic,
(FB floats ramp up for low via loop F%:I(\:Ie\(/i off by Atctlve during Oifsf \tAcI:;eQi Vr':B when Vg is No after connect
high) soft start response comp OFF(MIN)PWM 9 too high FB pin
Output Transitions Pulled low Automatic,
overvoltage ) Forced off by | Active during | Off when Vgg . after Vgg
Not affected low via loop ) ) when Vg is No
(Vg > low Vcomp torrminPwM is too high . returns to
response too high
880 mV) normal range
Outout Transitions Active, a;igtzz it Pulled low Aauf::TStlc’
P Not affected high via loop responds to ) Not affected when Vg is No FB
undervoltage Vgoort is too returns to
response Veowp too low
low normal range
Thermal Pulled low and | Pulled low and Forced off b Automatic,
shutdown latched until latched until low V y Disabled Off Pulled low No after part
Ves < VssrsT | Vss < VssrsT comp cools down
VREG Transitions Automatic,
or BIAS Not affected low via loop Forced off by | Active during Off Pulled low No VREG or
OVerVOItage response low VCOMP tOFF(N”N)PWM BIAS to
(REGOV) P normal range
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LOW IQ PFM

2048

Note: Vss>HIC/PFMgy & NPOR=1, so 2048
PFM counter starts when PWM/PFMn |

o
@

HI
[

HICCUP H
T

FAULTS
L

|OC| HICCUP |Ss

ss

| HICCUP |

o
c

MODE |OFF| ss

Figure 13: Operation with SLEEPn = high and PWM/PFMn = high (PWM mode)
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APPLICATION INFORMATION

Designh and Component Selection

SETTING THE OUTPUT VOLTAGE (Vour)

The output voltage of the regulator is determined by connecting
a resistor divider from the output node (VOUT) to the FB pin

as shown in Figure 15. There are trade-offs when choosing the
value of the feedback resistors. If the series combination (RFB1
+ RFB2) is too low, then the light load efficiency of the regula-
tor will be reduced. So to maximize the efficiency, it is best to
choose higher values of resistors. On the other hand, if the paral-
lel combination (RFB1 // RFB2) is too high, then the regulator
may be susceptible to noise coupling onto the FB pin.

The feedback resistors must satisfy the ratio shown in the follow-
ing equation to produce the target output voltage, Vqyr:

Regi _ [ Vour |

Repy — (0.8(V) ()
Compared to typical buck regulators, a PFM capable buck
regulator presents some unique challenges when determining its
feedback divider. This resistor divider must draw minimal current
from VOUT or it will reduce the efficiency during Low-IQ PFM

operation. With this in mind, Allegro recommends the resistor
values show in Table 3 on page 34.

For Low-IQ PFM mode, a feedforward capacitor (CFB) should
be connected in parallel with RFB1, as shown in Figure 16.

The purpose of this capacitor is to offset any stray capacitance
(CgrAy) from the FB pin to ground. Without CFB, the stray
capacitance and the relatively high resistor values used for the
feedback network form a low pass filter and introduce lag to the
Low-IQ PFM feedback path. The feedforward capacitor helps to
maintain sensitivity during Low-IQ PFM mode and to assure the
output voltage ripple is minimized.

In general, CFB should be calculated as:

Crp > (1.5 % Csrpay) * (Rpp2/ Rppy) 2)
where Cqrray 1S typically 15 to 25 pF.

PWM BASE SWITCHING FREQUENCY (Fosc, Rrset)

The PWM base switching frequency, fogc, is set by connecting a
resistor from the FSET pin to ground. Figure 17 is a graph show-
ing the relationship between the typical switching frequency and
the FSET resistor. The base frequency is the output frequency,

RFB1

VouTt K O FBPIN

RFB2

Figure 15: Connecting a Feedback Resistor Divider to
Set the Output Voltage

CFB
[
1l

RFB1

AN 4 l O FBPIN
RFB2 =~ CsTRAY
‘ 15to 25 pF

Vout &

Figure 16: Addition of CFB to Cancel Stray Capacitance
at the FB Pin in PFM Mode
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Figure 17: PWM Switching Frequency versus Rgggt

Sllegro-

Allegro MicroSystems, LLC 25
115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

fow, when PWMPFMn is high (no external clocking signal). For
a given base switching frequency (fogc), the FSET resistor can
be calculated as follows:

26385
Josc )

where fogc is in kHz and Rggp is in kQ.

When the PWM base switching frequency is chosen the

designer should be aware of the minimum controllable on-time,
tonavmvypwim Of the A8580. If the system required on-time is less
than the A8580 minimum controllable on-time, switch node jitter
occurs and the output voltage will have increased ripple or oscil-
lations.

The PWM base switching frequency required should be calcu-
lated as follows:

Vour
Josc < 4)

ToNMINPWM X VIN(MAX)REQ

where
Vour 18 the output voltage,

tonMINPWM is the minimum controllable on-time of the A8580
(95 ns (typ), 135 ns (max)), and

Vinmax)rEq 18 the maximum required operational input voltage
(not the peak surge voltage).

If the A8580 PWM synchronization function is employed, then
the base switching frequency should be chosen such that jitter
will not result at the maximum synchronized switching fre-
quency, determined from equation 4:

)
Josc < 0.66 x gul (3)

IONMINPWM * VIN(MAX)REQ

OUTPUT INDUCTOR (Lo)

For a peak current mode regulator it is common knowledge that,
without adequate slope compensation, the system will become
unstable when the duty cycle is near or above 50%. However, the
slope compensation in the A8580 is a fixed value (Sg). Therefore,

it is important to calculate an inductor value such that the falling
slope of the inductor current (Sg) will work well with the A8580
slope compensation. The following equation can be used to cal-
culate a range of values for the output inductor based on the well
known approach of providing slope compensation that matches
50% to 100% of the falling slope of the inductor current:

Vour + Vr Vour + Ve
S e P < |22 T
[ 2xSy ) ° Lo = Sk (6)

where Vyis the forward voltage of the asynchronous diode, and
Lgisin pH.

In equation 6, the slope compensation (Sg ) is a function of
switching frequency according the following:

Sp =0.23 X fogc2 + 0.63 % fogc +0.038 (7)

where Sg is in A/ps and fogc is in MHz.

More recently, Dr. Raymond Ridley presented a formula to calcu-
late the amount of slope compensation required to critically damp
the double poles at half the PWM switching frequency:

L > Vourrt Ve (1_ (113}

St D
Vourt Ve (Vi(min)+ V)
= —— | 1- -
S, 0.18 VourtV, (8

This formula allows the inclusion of the duty cycle (D), which
should be calculated at the minimum input voltage to insure
optimal stability. Also, to avoid dropout (that is, saturation of
the buck regulator), Viy(min) must be approximately 1to 1.5V
above V1 when calculating the inductor value with equation 8.

If equations 7 or 8 yield an inductor value that is not a standard
value, then the next highest available value should be used. The
final inductor value should allow for 10% to 20% of initial toler-
ance and 20% to 30% of inductor saturation.

The saturation current of the inductor should be higher than the
peak current capability of the A8580. Ideally, for output short cir-
cuit conditions, the inductor should not saturate even at the high-
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est pulse-by-pulse current limit at minimum duty cycle, 4.6 A.
This may be too costly. At the very least, the inductor should not
saturate at the peak operating current according to the following:

Sgx VourtVr) ©)
115 X fogc % (Vin(max)+ V)

IPEAK = 41 -

where Vy(max) is the maximum continuous input voltage, such
as 18 V (not a surge voltage, such as 40 V).

Starting with equation 9, and subtracting half of the inductor
ripple current, provides us with an interesting equation to predict
the typical DC load capability of the regulator at a given duty
cycle (D):

Sgx D Voyr x(1-D)
2 % fosc * Lo

(10)

Ioutey =41 - ;
osc

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 would ensure neither the
inductor nor the regulator are damaged when the output is shorted
to ground at maximum input voltage and the highest expected
ambient 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
capacitor parameters: Cqoyr, ESReout, and ESLoqyr:

AVout = Al X ESReour
Vin—V.
yInTour L pgp
Lo
Al
L A
8 fswCour

(1)

The type of output capacitors will determine which terms of
equation 11 are dominant. For ceramic output capacitors the ESR-
cout and ESLqqyr are virtually zero, so the output voltage ripple
will be dominated by the third term of equation 11:

Al
8 fswCout

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

AVout =

(12)

For electrolytic output capacitors the value of capacitance will
be relatively high, so the third term in equation 11 will be very
small. The output voltage ripple will be determined primarily by
the first two terms of equation 11:

AVout = Al X ESRcour
. Vin—Vour (13)

x ESL
Lo COUT

To reduce the voltage ripple of a design using electrolytic output
capacitors, simply: decrease the equivalent ESRn and ESL¢(
by using a high(er) quality capacitor, or add more capacitors in
parallel, or reduce the inductor current ripple (that is, increase the
inductor value).

The ESR of some electrolytic capacitors can be quite high so
Allegro recommends choosing a quality capacitor for which the
ESR or the total impedance is clearly documented in the data-
sheet. Also, the ESR of electrolytic capacitors usually increases
significantly at cold ambients, as much as 10x, which increases
the output voltage ripple and, in most cases, reduces the stability
of the system.

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

di
AVour= Al oap * ESRcour+ ar ESLcour (19
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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 brings the output voltage
back to its setpoint depends 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, with a higher
bandwidth system, it may be more difficult to obtain acceptable
gain and phase margins. Selection of the compensation com-
ponents (RZ, CZ, and CP) are discussed in more detail in the
Compensation Components section of this datasheet.

LOW-1Q PFM OUTPUT VOLTAGE RIPPLE CALCULATION

After choosing an output inductor and output capacitor(s), its
important to calculate the output voltage ripple (AVoyr prm))
that will occur during Low-1Q PFM mode. With ceramic output
capacitors the output voltage ripple in PWM mode is usually
negligible, but that is not the case during Low-1Q PFM mode.

First, calculate the high-side MOSFET on-time and off-time. The
on-time is defined as the time it takes for the inductor current to
reach the peak current threshold, Ipgak 0 10):

fo Ipgako 19) * Lo 15
ON " Vin = Vour— Ipeako 10) X (Rps(omus + DCR1 o) (15)

Where Rpyg o) is the on-resistance (110 m€2 (typ)) of the high-
side MOSFET and DCR;  is the DC resistance of the output
inductor, L. For relatively low input voltages, the on-time dur-
ing Low-1Q PFM mode is internally limited to about 4.1 ps.

The off-time is defined as the time it takes for the inductor cur-

rent to decay from Ipgag 0 1) t0 0 A:

Ipeak (Lo 1) * Lo
VourtVe

(16)

forp =

Finally, the Low-1Q PFM output voltage ripple can be calculated:

Ipeakwo 19) * (fox T toFr)
2 x Cour

(17)

AVoutwo 19) =

If the Low-1Q PFM output voltage ripple appears to be too high,
then the output capacitance should be increased and/or the output
inductance should be decreased. Decreasing the inductor value
has the drawback of increasing the ripple current, so a higher load
current will be required to transition from discontinuous conduc-
tion mode (DCM) to continuous conduction mode (CCM). This
might not be acceptable.

In general, the Low-1Q PFM output voltage ripple increases as
the input voltage decreases. Also, from equation 15, note that
ton increases as the Vqr/ Vi ratio increases (that is, as Vi
decreases). If the Vqr/ Vi ratio is too high, the system is not
able to achieve Ippag 0 1) In only one PFM pulse. In this case
the on-time is limited to approximately 4.1 ps and a second PFM
pulse is required, about torgpryy later, as shown in Figure 5.

INPUT CAPACITORS

Three factors should be considered when choosing the input
capacitors. First, they must be chosen to support the maximum
expected input surge voltage with adequate design margin.
Second, the capacitor rms current rating must be higher than the
expected rms input current to the regulator. Third, they must have
enough capacitance and a low enough ESR to limit the input
voltage dV/dt to something much less than the hysteresis of the
VIN pin UVLO circuitry (Viyyymys), nominally 400 mV for the
A8580), at maximum loading and minimum input voltage.

The input capacitors must deliver the rms current according to:

1

ms = Loyt NDx(1-D) (18)
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Figure 18: Input Capacitor Ripple versus Duty Cycle

Allegro MicroSystems, LLC 28
115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

where the duty cycle is:

D=WourtVy) /(Vin+tVy) (19)
and V¢ is the forward voltage of the asynchronous diode, D .

Figure 18 shows the normalized input capacitor rms current
versus duty cycle. To use this graph, simply find the operational
duty cycle (D) on the x-axis and determine the input/output cur-
rent multiplier on the y-axis. For example, at a 20% duty cycle,
the input/output current multiplier is 0.40. Therefore, if the
regulator is delivering 2.5 A of steady-state load current, the input
capacitor(s) must support 0.40 x 2.5 A, or 1.0 A .

The input capacitor(s) must limit the voltage deviations at the
VIN pin to something significantly less than the A8580 VIN pin
UVLO hysteresis during maximum load and minimum input
voltage. The minimum input capacitance can be calculated as
follows:

Cpn 2 lout x Dx(1-D)

= 20
0.85 x fosc x AVinin) 0

where AV 1s chosen to be much less than the hysteresis of
the VIN pin UVLO comparator (AV iy < 150 mV is recom-
mended).

The D x (1-D) term in equation 20 has an absolute maximum
value of 0.25 at 50% duty cycle. So, for example, a very conser-
vative design, based on: Iy = 2.5 A, fogc = 85% of 425 kHz,
D x (1-D) = 0.25, and AV = 150 mV, yields:

o 2.5 (A)x0.25
N7 361 (kHz) x 150 (mV)

= 11.5 pF

A good design should consider the DC bias effect on a ceramic
capacitor: as the applied voltage approaches the rated value, the
capacitance value decreases. This effect is very pronounced with
the Y5V and Z5U temperature characteristic devices (as much as
90% reduction) so these types should be avoided. The X5R and
X7R type capacitors should be the primary choices due to their
stability versus both DC bias and temperature.

For all ceramic capacitors, the DC bias effect is even more pro-
nounced on smaller sizes of device case, so a good design uses
the largest affordable case size (such as 1206 or 1210). Also, it is
advisable to select input capacitors with plenty of design margin
in the voltage rating to accommodate the worst case transient

input voltage (such as a load dump as high as 40 V for automo-
tive applications).

ASYNCHRONOUS DIODE (D1)

There are three requirements for the asynchronous diode. First,
the asynchronous diode must be able to withstand the regulator
input voltage when the high-side MOSFET is on. Therefore, one
should choose a diode with a reverse voltage rating (V) higher
than the maximum expected input voltage (that is, the surge volt-

age).

Second, the forward voltage of the diode (V¢) should be mini-
mized or the regulator efficiency suffers. Also if V¢ is too high,
the A8580 missing diode protection function could be falsely
activated. A Schottky type diode that can maintain a very low
V¢ when the regulator output is shorted to ground, at the coldest
ambient temperature, is highly recommended.

Third, the asynchronous diode must conduct the output current
when the high-side MOSFET is turned off. Therefore, the average
forward current rating of this diode (Ifsyg)) must be high enough
to deliver the load current according to

21
where Dy is the minimum duty cycle defined in equation 19,
and Ioyovax) is the maximum continuous output current of the
regulator.

Leave) Z Tourmuax) (1= Dypy)

BOOTSTRAP CAPACITOR

A bootstrap capacitor must be connected between the BOOT and
SW pins to provide the floating gate drive to the high-side MOS-
FET. Usually, 47 nF is an adequate value. This capacitor should
be a high-quality ceramic capacitor, such as an X5R or X7R, with
a voltage rating of at least 16 V.

The A8580 incorporates a 10 Q low-side MOSFET to ensure that
the bootstrap capacitor is always charged, even when the regula-
tor is lightly loaded or pre-biased.

SOFT START AND HICCUP MODE TIMING (Cgg)

The soft start time of the A8580 is determined by the value of the
capacitance at the soft start pin, Cgg. When the A8580 is enabled,
the voltage at the soft start pin starts from 0 V and is charged by
the soft start current, Iggg;. However, PWM switching does not
begin instantly because the voltage at the soft start pin must rise
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above 400 mV. The soft start delay (tpsg)) can be calculated as:

400 (mV) j )

Ip(ss) = Csg %
Isssu

If the A8580 is starting with a very heavy load, a very fast soft
start time may cause the regulator to exceed the pulse-by-pulse
overcurrent threshold. This occurs because the total of the full
load current, the inductor ripple current, and the additional cur-
rent required to charge the output capacitors:

Ico = Cour * Vour/tss (23)
is higher than the pulse-by-pulse current threshold, as shown in
Figure 19. This phenomena is more pronounced when using high
value electrolytic type output capacitors. To avoid prematurely
triggering hiccup mode the soft start capacitor, Cgg, should be
calculated according to:

Ceoc > Isssu *x Vour % Cour

(24)

where V1 is the output voltage, Cqyr is the output capaci-
tance, I( is the amount of current allowed to charge the output
capacitance during soft start (recommended: 0.1 A <I-o < 0.3 A).
Higher values of I result in faster soft start times. However,
lower values of I~ ensure that hiccup mode is not falsely trig-
gered. Allegro recommends starting the design with an I of

0.1 A and increasing it only if the soft start time is too slow. If a
non-standard capacitor value for Cqg is calculated, the next larger
value should be used.

Output
capacitor
current, Ico

Figure 19: Output Current (Io) During Startup

The output voltage ramp time, tgg, can be calculated by using
either of the following methods:

Iss = Vour % C;)UT (23)
or (¢[0)
CSS
ss= 0.8 (V) x Tsssu (26)

When the A8580 is in hiccup mode, the soft start capacitor is
used as a timing capacitor and sets the hiccup period. The soft
start pin charges the soft start capacitor with Igggy; during a
startup attempt and discharges the same capacitor with Iggyc
between startup attempts. Because the ratio Iggqy / Iggpc 1S
approximately 4:1, the time between hiccups will be about four
times as long as the startup time. Therefore, the effective duty-
cycle of the A8580 will be very low and the junction temperature
will be kept low.

COMPENSATION COMPONENTS (RZ, CZ, AND CP)

To properly compensate the system, it is important to understand
where the buck power stage, load resistance, and output capaci-
tance form their poles and zeros in frequency. Also, it is impor-
tant to understand that the (Type II) compensated error amplifier
introduces a zero and two more poles, and where these should be
placed to maximize system stability, provide a high bandwidth,
and optimize the transient response.

First, consider the power stage of the A8580, the output capaci-
tors, and the load resistance. This circuitry is commonly referred
as the control-to-output transfer function. The low frequency
gain of this circuitry depends on the COMP to SW current gain
(gmpowrr )» and the value of the load resistor (R ). The DC gain
(Gco(omz)) of the control-to-output is:

Geo(omz) = &mpower * Ry (27)

The control-to-output transfer function has a pole (fp), formed
by the output capacitance (Coyt) and load resistance (R ),
located at:

1
2m x RL X COUT

for= (28)

The control-to-output transfer function also has a zero (fz;)
formed by the output capacitance (Cqy) and its associated ESR:
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_ 1
Jz1=
21t x ESR x COUT

(29)

For a design with very low-ESR type output capacitors (such as
ceramic or OS-CON™ output capacitors), the ESR zero (f7;)

is usually 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).

A Bode plot of the control-to-output transfer function for the
configuration shown in Typical Application Schematic B (Voyt
=50V, Igyr=2.5A, Ry =2 Q) is shown in Figure 20. 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.

Next, consider the feedback resistor divider (RFB1 and

RFB2), and the error amplifier (g,,) and compensation network
RZ-CZ-CP. It greatly simplifies the transfer function deriva-

tion if Ry >> Ry, and C; >> Cp. In most cases, Ro>2 MQ,

1 kQ <R, <100 k€, 220 pF < C, <47 nF, and Cp < 50 pF, so the

W T —
40—
—~ = \ \
@ 20 Gco(Hz) = 151 dB fpq = 1.9 kHz
£ 0 f214 = 636 kHz ]
O -20
-40
-60
180
%
[0}
@ 0 Double Pole at
T 212.5 kHz
-90 - —
-180 I
101 102 103 104 105 106

Frequency (Hz)
Figure 20: Control-to-Output Bode Plot

following equations are very accurate.

The low frequency gain of the control section (G¢(gp)) is formed
by the feedback resistor divider and the error amplifier. It can be
calculated using:

R
GC(OHZ) =B X 8m X Ry
Rppi +Rpp:

Vi

= B sg. x Ro
Vout
Ve

=—— x Ayor
Vout (30)

where

Vour 18 the output voltage,

Vgg is the reference voltage (0.8 V),

g, 1s the error amplifier transconductance (750 pA/V), and
Ry is the error amplifier output impedance (Ayor/gq)-

The transfer function of the Type-II compensated error amplifier
has a (very) low frequency pole (fp,) dominated by the output
error amplifier output impedance (R) and the C, compensation
capacitor:

1
Jp2 =

2n x Ry x Cy (31)

The transfer function of the Type-II compensated error amplifier
also has frequency zero (f,) dominated by the R resistor and
the C; capacitor:

(32)

Lastly, the transfer function of the Type-II compensated error

amplifier has a (very) high frequency pole (fp;) dominated by the
Ry resistor and the Cp capacitor:

(33)

A Bode plot of the error amplifier and its compensation network
is shown in Figure 21, fp,, fp;, and f, are indicated on the mag-
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nitude 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 (Figure 20) at 1.9 kHz. Placing f,,
just above fp; will result in excellent phase margin, but relatively
slow transient recovery time, as will be shown later.

Finally, consider the combined Bode plot of both the control-
to-output and the compensated error amplifier (figure 22).

60 T

fpo = 80 Hz T I I
016 ¢ oHm = 49 dB 1= 3.8 kH 1
@ 2 C(OHz) = 72 = . z fpg = 90 kHz
£ 0
[1]
O -2
-40
-60
180
\
90 —
8 o
ey
[N
-90
-180
101 102 103 104 105 106

Frequency (Hz)

Figure 21: Type-ll Compensated Error Amplifier
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Figure 22. Bode Plot of the Complete System (Red
Curves)

Careful examination of this plot shows that the magnitude and
phase of the entire system (red curve) are simply the sum of the
error amplifier response (blue curve) and the control-to-output
response (green curve). The bandwidth of this system (f() is

60 kHz, the phase margin is 69 degrees, and the gain margin is
14 dB.

Complete designs for several common output voltages, at fqy, of
425 kHz, 1 MHz, and 2 MHz are provided in Table 3 on page 34.

A GENERALIZED TUNING PROCEDURE

This section presents a methodology to systematically apply the
design considerations provided above.

1. Choose the system bandwidth (f ). This is the frequency at
which the magnitude of the gain crosses 0 dB. Recommended
values for f-, based on the PWM switching frequency, are in the
range fqw /20 <fc <fqy/7.5. Ahigher value of f generally
provides a better transient response, while a lower value of -
generally makes it easier to obtain higher gain and phase margins.

2. Calculate the Ry resistor value. This sets the system bandwidth
(fo):
21 x COUT

R, = fox —OUT
FB EmPOWERx X &m

(34)

3. Determine the frequency of the pole (fp). This pole is formed
by Coyt and R; . Use equation 28 (repeated here):

1
21 x RL X COUT

o1 =

4. Calculate a range of values for the C, capacitor. Use the fol-
lowing:
; < C 1
2n x Ry x fc

Z <
2n x Ry x1.5% fpq (35)

To maximize system stability (that is, to have the greatest gain
margin), use a higher value of C,. To optimize transient recovery
time, although at the expense of some phase margin, use a lower
value of C;.

Figure 23 compares the output voltage recovery time duetoa 1 A
load transient for the system shown in Figure 22 (f,, = 3.8 kHz,
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69° phase margin) and a system with f;, at !/, the crossover fre- If £, is at least one decade higher than the target crossover
quency (15 kHz). The system with f;, at 15 kHz has 60° of phase  frequency (fc) then f;; can be ignored. This is usually the case
margin, but recovers much faster (=3x) than the other system. for a design using ceramic output capacitors. Use equation 33 to

calculate the value of CP by setting fp; to either 5 x f or fgy / 2,

5. Calculate the frequency of the ESR zero (f;;) formed by the whichever is higher.

output capacitor(s). Use equation 29 (repeated here):
Alternatively, if f;; is near or below the target crossover fre-
fr= 1 quency (fc), then use equation 33 to calculate the value of CP by
2n x ESR x Coyr setting fp; equal to f;;. This is usually the case for a design using
high ESR electrolytic output capacitors.

5.00
499 // f,,= 15 kHz — T
498
f,=3.8KkHz
S 497 /
7
3
2 496
II /
4.95
|/
494 v/
493
0 40 80 120 160 200 240
Time (us)

Figure 23: Transient Recovery Comparison for f,, at
3.8 kHz/69° and 15 kHz/60°
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Table 3: Recommended Component Values

Y f R L Co2 R R c Rz * Czll Ce
ouT sSwW FSET o] (o) FB1 FB2 FB .
R c c BIAS Pin Modes
V) (MHz) (kQ) (MH) (MF) (kQ) (kQ) (pF) z z P
(kQ) | (pF) | (pF)
151 3.3 80 | 634+3.83 | 768 NA | 243 | 560 | 15 33VEXT | PWMand PFM
33 8.2 40 147 470 10 | 261 | %60 | 15 | Connectedto | byt ong pEm
vouT
0425 | 590
5.0 10 50 221+0499 | 422 8 499 | 270 8 Connected fo | o\yny ang PEM
vOouT
6.5 15 60 287 +65 | 412 6 787 | 180 | 47 | 33 \Lgrcf'o V' | PWM and PFM
3.3 33 20 147 470 10 182 | 560 | 15 | Connectedto | byt ang pEM
vouT
50 1 237 47 30 | 221+0499 | 422 8 412 | 270 8 | Connectedto | byyntang PFM
VOuT
65 6.8 40 287465 | 412 6 71.5 1 180 | 47 | 33 \igg"o V' | PWM and PFM
11.5 680 15 Connected to
3.3 15 10 147 47.0 10 i PWM and PFM
5.0 2 105 22 15 | 221+0499 | 422 8 261 | 330 8 | Connectedto | oyyntang PFM
vouT
65 33 20 287465 | 412 6 453 | 180 | 47 | 33 \1_‘52)5'0 V' | PWM and PFM

1If BIAS is not connected to Vo, then the minimum external load must be 275 pA at all temperatures. No load operation is okay at approximately 25°C to 75°C only.
2Negative tolerance and DC-bias effect must be considered when choosing components to obtain Cg,.

Allegro MicroSystems, LLC 34
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com

lM.

M\croSyslems LLC




A8580

Wide Input Voltage, 2.4 MHz, 2.5 A Asynchronous Buck Regulator
With Low-1Q Standby, Sleep Mode, External Synchronization, and NPOR Qutput

Power Dissipation and Thermal Calculations

The power dissipated in the A8580 is the sum of the power dis-
sipated from the Vp supply current (Pyy), the power dissipated
due to the switching of the high-side power MOSFET (Pgy ), the
power dissipated due to the rms current being conducted by the
high-side power MOSFET (Pconp ), and the power dissipated by
the gate driver (Ppryver)-

The power dissipated from the Vp supply current can be calcu-
lated using the following equation:

Piy=Viy *1p+ (Viy—Vgs) % O * fsw (36)
where
VIN is the input voltage,

IQ is the input quiescent current drawn by the A8580 (nomi-
nally 2.5 mA),

VGS is the MOSFET gate drive voltage (typically 5 V),
QG is the MOSFET gate charge (approximately 2.5 nC), and
fSW is the PWM switching frequency.

The power dissipated by the high-side MOSFET during PWM
switching can be calculated using the following equation:

po = VYinx lour x (4 + 1) X fsw
Sw= 5

(37)
where

VIN is the input voltage,

IOUT is the regulator output current,

fSW is the PWM switching frequency, and

tr and tf are the rise and fall times measured at the SW node.

The exact rise and fall times at the SW node depend on the
external components and PCB layout so each design should be
measured at full load. Approximate values for both t, and t;range
from 10 to 15 ns.

The power dissipated by the internal high-side MOSFET while it
is conducting can be calculated using the following equation:

2
Pconp = Lims(FET) X RDS(0n)HS

Vourt Vs 2 AL
= |[——— |x|IguTr + =~ |XR
( Vin+Vs x|fout * 5 DS(on)HS

(38)

where
Ioyr is the regulator output current,
Ay is the peak-to-peak inductor ripple current,
Rps(onyms 18 the on-resistance of the high-side MOSFET, and
V¢ is the forward voltage of the asynchronous diode.

The Rpyg(on)of the high-side MOSFET has some initial tolerance
plus an increase from self-heating and elevated ambient tempera-
tures. A conservative design should accommodate an Rpg ) with
at least a 15% initial tolerance plus 0.39%/°C increase due to
temperature.

The sum of the power dissipated by the internal gate driver can
be calculated using the following equation:

39)

Ppriver = Qc * Vas * fsw
where
Vs 1s the gate drive voltage (typically 5 V),

Qg is the gate charge to drive MOSFET to V=5V (about
2.5 nC), and

fow 1s the PWM switching frequency.

Finally, the total power dissipated (Ptgrap) is the sum of the
previous equations:

(40)
The average junction temperature can be calculated with the fol-
lowing equation:

Prorar = Piv + Psw + Pconp T Ppriver

41)

T;=Prorar + Roju + I

where Prgrap is the total power dissipated as described in
equation 40, Rg;, is the junction-to-ambient thermal resistance
(34°C/W on a 4-layer PCB), and T, is the ambient temperature.

The maximum junction temperature will be dependent on how
efficiently heat can be transferred from the PCB to ambient air. It
is critical that the thermal pad on the bottom of the IC should be
connected to a at least one ground plane using multiple vias.

As with any regulator, there are limits to the amount of heat that
can be dissipated before risking thermal shutdown. There are
tradeoffs between: ambient operating temperature, input voltage,
output voltage, output current, switching frequency, PCB
thermal resistance, airflow, and other nearby heat sources. Even
a small amount of airflow will reduce the junction temperature
considerably.
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PCB Component Placement and Routing

A good PCB layout is critical if the A8580 is to provide clean,
stable output voltages. Follow these guidelines to insure a good
PCB layout. Figure 24 shows a typical buck converter schematic
with the critical power paths/loops. Figure 25 shows an example
PCB component placement and routing with the same critical
power paths/loops as shown in the schematic.

1.

By far, the highest di/dt in the asynchronous buck regula-

tor occurs at the instant the high-side MOSFET turns on

and the capacitance of the asynchronous Schottky diode
(200 to 1000 pF) is quickly charged to V. The ceramic
input capacitors must deliver this fast, short pulse of cur-
rent. Therefore the loop, from the ceramic input capacitors
through the high-side MOSFET and into the asynchronous
diode to ground, must be minimized. Ideally these compo-
nents are all connected using only the top metal layer (that is,
do not use vias to other power/signal layers).

When the high-side MOSFET is on, current flows from the
input supply and capacitors, through the high-side MOSFET,
into the load via the output inductor, and back to ground.
This loop should be minimized and have relatively wide
traces.

When the high-side MOSFET is off, free-wheeling current
flows from ground, through the asynchronous diode, into the
load via the output inductor, and back to ground. This loop
should be minimized and have relatively wide traces.

The voltage on the SW node transitions from 0 V to Vyy very
quickly and is the root cause of many noise issues. It is best
to place the asynchronous diode and output inductor close

to the A8580 to minimize the size of the SW polygon. Also,
keep low level analog signals (like FB and COMP) away
from the SW polygon.

10.

11.

12.

13.

14.

Place the feedback resistor divider (RFB1 and RFB2) very
close to the FB pin. Ground this resistor divider as close as
possible to the A8580.

To have the highest output voltage accuracy, the output volt-
age sense trace (from VOUT to RFB1) should be connected
as close as possible to the load.

Place the compensation components (RZ, CZ, and CP) as
close as possible to the COMP pin. Place vias to the GND
plane as close as possible to these components.

Place the soft start capacitor (Cgg) as close as possible to the
SS pin. Place a via to the GND plane as close as possible to
this component.

Place the boot strap capacitor (CBOOT) near the BOOT pin
and keep the routing from this capacitor to the SW polygon
as short as possible.

When connecting the input and output ceramic capacitors,
use multiple vias to GND and place the vias as close as pos-
sible to the pads of the components.

To minimize PCB losses and improve system efficiency, the
input and output traces should be as wide as possible and be
duplicated on multiple layers, if possible.

To improve thermal performance, place multiple vias to the
GND plane around the anode of the asynchronous diode.

The thermal pad under the A8580 must connect to the GND
plane using multiple vias. More vias will ensure the lowest
junction temperature and highest efficiency.

EMI/EMC issues are always a concern. Allegro recommends
having component locations for an RC snubber from SW to
ground. The resistor should be 1206 size.
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!)1 CcO2 Cco3 CO4

\ = = et =

Figure 24: Typical Buck Converter with Critical Paths/Loops Shown

Loop 1 (red). At the instant Q1 turns on, Schottky diode D1, which the output inductor, out to the load and return via ground. While Q1
is very capacitive, must be very quickly shut off (only 5 to 15 ns of is off, the voltage on the output capacitors decreases. The output
charging time). This spike of charging current must come from the capacitors and Schottky diode D1 should be placed on the same
local input ceramic capacitor, CIN1. This spike of current is quite (top) layer, be located near each other, and be sharing a good, low
large and will be an EMI/EMC issue if loop 1 (red) is not minimized. inductance ground connection.

Therefore, the input capacitor CIN1 and Schottky diode D1 must be
placed be on the same (top) layer, be located near each other, and be  Loop 3 (blue). When Q1 is on, current will flow from the input supply

grounded at virtually the same point on the PCB. and input capacitors through the output inductor and into the load
and the output capacitors. At this time the voltage on the output
Loop 2 (magenta). When Q1 is off, free-wheeling inductor current capacitors increases.

must flow from ground through diode D1 (SW will be at —V;), into

oAl ol O

O W

Figure 25: Example PCB Component Placement and Routing
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Typical Applications Schematics

LO 8.2 uH

N N N VOouT
J_ CO1 J_ CO2 J_ Cco3 J_ CO4
22uF 22uF 0.47uF 47nF
16V X7R | 16V X7R [ 100V 50V
1210 1210 0805 0603

Court = 38.2uF to 42.4uF total
at 3.3V bias and 10% tolerance

Vin _ _ _
CIN1J_ CINZJ_ CIN3 CIN4
4.7uF 4.7uF 0.47u 47nF
50V 50V 100V 50V
1210 1210 0805 0603 GND BOOT
J_ + COMP BiAs -1
SS
cP
FSET
15pF VREG Fe 2
B 47K
B\l — -
4 | sLeepn
Mode 6 7
PWM/PFMn  NPOR

10pF

nN

N 3.3V

RPU
10K

NPOR

Typical Application Schematic A. Configuration for Viy =12V, Vo1 =3.3 V, gyt = 2.5 A at 425 kHz

vi LO 10 uH out
- 1 - vin SW 4 MO
CIN1J_ CIN2J_ CIN3 CIN4J_ VIN sw & CBOOT D2 J_ co1 J_ co2 J_ co3 J_ co4 J_ cos
47UF==  4.7UF 0.47u 47nF A8580 v 2A140V 22uF 220F 22uF 0.47UF == 47nF
50V 50V 100V 50V 5 | ono SMP 16V X7R | 16V X7R | 16V X7R| 100V 50V
1210 1210 0805 o603 | [13] SN BOOT 1 L1210 | 2i0 | 1210 | osos _| o603
comp Bias -1 Cout = 53.9uF to 59.9uF total
ss RFB1  RFB at 5.0V bias and 10% tolerance
FSET 10 221K 499
VREG FB NWV—AWY
RFB2 T S~ asy
42.2K oFB A 33
8.0 pF
- = RPU
SLEEPN 10kQ
Mode 6 7 NPOR
PWMPFMn  NPOR
Typical Application Schematic B. Configured for V\y =12V, Vour =5.0 V, Igyt = 2.5 A at 425 kHz
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Package Outline Drawing
For Reference Only - Not for Tooling Use

(Reference MO-153 ABT)
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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i 7 !
i T |
i — - 3NOM 4402010 640%020 — 1 +-—+—-—1 30 6.10
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" j 4 0.60£0.15 |
RSN / 1.00 REF |
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H H H H\ 4 . | | v
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—» |€— 025BSC 12
Branded Face ! I
K 1 T SEATING PLANE €« 30—

16X é ‘ A SEATING KGAUGEPLANE
_— ----- + Y PLANE &BC.&LEIMLR&[&[&DQEM&W

e
L oowmx Looonnana
0.65BSC —P» L—
0.15 NNNNNNN
0.00 A yyww
LLLL
A Terminal #1 mark area
Exposed thermal pad (bottom surface); dimensions may vary with device |1| L
& Reference land pattern layout (reference IPC7351 SOP65P640X110-17M); A
All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary N = Device part number

to meet application process requirements and PCB layout tolerances; when
mounting on a multilayer PCB, thermal vias at the exposed thermal pad land
can improve thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)

A =Supplier emblem
Y = Last two digits of year of manufacture
W = Week of manufacture

L = Characters 5-8 of lot number
A Branding scale and appearance at supplier discretion

Figure 26: Package LP, 16-Pin TSSOP with Exposed Thermal Pad
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Revision History

Number Date Description
4 January 20, 2014 Update Table 3
5 July 15, 2014 Updated Table 3 and reformatted document
6 September 9, 2014 | Revised equation 8 on p. 26
7 February 11, 2015 Revised Table 2 and PWM Base Frequency section
8 December 5, 2016 Updated product status to Not for New Design
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