illegro- A8499

III I » MicroSystems, Inc

High \oltage Step-Down
Regulator

Package LJ, 8-pin SOIC
with exposed thermal pad

The A8499 is a step down regulator that will handle a
wide input operating voltage range.

The A8499 is supplied in a low-profile 8-lead SOIC
with exposed pad (package LJ).

Approximate Scale 1:1 D

FEATURES

B 8to 50V input range
Integrated DMOS switch
Adjustable fixed off-time
Highly efficient

Adjustable 1.2 to 24 V output

APPLICATIONS

B Printer power supplies
B Consumer equipment power supplies

TYPICAL APPLICATION
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Circuit for 42 V step down to 3.3 V at 1.2 A. Efficiency data from circuit shown in left panel.Data is for reference only.
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A8499  High Wltage Step-Down Regulator

Functional Block Diagram

T
; = I

‘Hil
- 0o} —
(@]
3
A
os)
o
=3
Q
o0
QO
(%}
@
<
z

VOouT
- —
I
(D \ y I
I
. Switch PWM |
».| Switch
ue ENB ™1 Disable |
9 | J I
= I Clamp I =
| I/I I
+ - —L
TSET |_Peak |_Demand - |—F|B—|
I + |
L I I
= | | VBIAS is connected to VOUT
COMP : when Voyr target is between
Bias Supply 33and5V
GND J_ VBIAS

Ramp Generation 12v

I

\ N I

UVLO—) > |
Soft Start L

I

I

Absolute Maximum Ratings

Supply Voltage, VIN veeeverereererirmnieieiriniereenieieieeneereveeseenevesesseneeeens
VBIAS Input Voltage, Viias Package (‘%’I‘IIII) PCB
Switch Voltage, Vix «eoeeereevennee

ENB Input Voltage, Vpng -vveee- .—0. LJ 35 4-layer
Junction Temperature, Ty * Additional information is available on the Allegro Web site

Storage Temperature, Tg ......cccooeeeeieineiiicicne
Operating Ambient Temperature, Tq.....c.covveveerrrereennnnn —20°C to 85°C

Package Thermal Characteristics*

Use the following complete part number when ordering:

Part Numb Packi D ipti . .
art Tumber acxing essc:p o0 | Leadframe plating 100% matte-tin.
13-in. reel, urface
ABA9ISLITR-T 3000 pieces/reel Mount

Allegro MicroSystems, Inc.
115 Northeast Cutoff, Box 15036

www.allegromicro.com
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A8499

High Voltage Step-Down Regulator

ELECTRICAL CHARACTERISTICS'2 at T, = 25°C, V), = 8 to 50 V (unless noted otherwise)

Characteristics Symbol Test Conditions Min. Typ. Max. | Units
VENB = LOW, IOUT =0 mA, V|N =42V
Vs = Vour (see noted) 0.90 1.35 mA
VIN Quiescent Current lvinga) Veng = LOW, Igyr=0mA, V| =42V _ 4.4 6.35 mA
Veias <3V
Veng = HIGH - - 100 pA
VBIAS |nput Current IB|AS VB|AS = VOUT - 3.5 5 mA
. ) Tpo=25°C, Igyr=2A - 700 800 mQ
Buck Switch On Resistance Rps(on)
Tpo=125°C, loyr=2A - - 1.6 Q
Fixed Off-Time Proportion Based on calculated value -15 - 15 %
Feedback Voltage Veg 1.176 | 1.200 | 1.224 V
Output Voltage Regulation lour=0mAto 2A -3 - 3 %
Feedback Input Bias Current Irg —400 | -100 100 nA
Soft Start Time tss 5 10 15 ms
Veg > 0.5V 2.2 - 3 A
Buck Switch Current Limit loL
Vg <05V 0.5 - 1.2 A
ENB Open Circuit Voltage Voc Output disabled 2.0 - 7 \Y
ENB Input Voltage Threshold Vens() LOW level input (Logic 0), output enabled - - 1.0 \Y,
ENB Input Current lENB(0) Veng =0V -10 - —1 MA
VIN Undervoltage Threshold Viuvio V) rising - 6.9 7.1 \Y
VIN Undervoltage Hysteresis Viuvionys | Vin falling 0.7 - 1.1 V
Thermal Shutdown Temperature Tirsp Temperature increasing - 165 - °C
Thermal Shutdown Hysteresis AT, Recovery = T j1gp — AT, - 15 - °C
1. Negative current is defined as coming out of (sourcing) the specified device pin.
2. Specifications over the junction temperature range of 0°C to 125°C are assured by design and characterization.
3. VBIAS is connected to VOUT node when V1 target level is between 3.3 and 5 V.
3
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A8499

High Voltage Step-Down Regulator

Functional Description

The A8499 is a fixed off-time, current-mode—controlled buck
switching regulator. The regulator requires an external clamping
diode, inductor, and filter capacitor, and operates in both continu-
ous and discontinuous modes. An internal blanking circuit is used
to filter out transients resulting from the reverse recovery of the
external clamp diode. Typical blanking time is 200 ns.

The value of a resistor between the TSET pin and ground deter-
mines the fixed off-time (see graph in the t g section).

Vout- The output voltage is adjustable from 1.2 to 24 V, based on
the combination of the value of the external resistor divider and
the internal 1.2 V £3% reference. The voltage can be calculated
with the following formula:

VOUT: VFB X (1 + RI/RZ) (1)

Light Load Regulation. To maintain voltage regulation during
light load conditions, the switching regulator enters a cycle-skip-
ping mode. As the output current decreases, there remains some
energy that is stored during the power switch minimum on-time.
In order to prevent the output voltage from rising, the regulator
skips cycles once it reaches the minimum on-time, effectively
making the off-time larger.

Soft Start. An internal ramp generator and counter allow the out-
put to slowly ramp up. This limits the maximum demand on the
external power supply by controlling the inrush current required
to charge the external capacitor and any dc load at startup.
Internally, the ramp is set to 10 ms nominal rise time. During soft
start, current limit is 2.2 A minimum.

The following conditions are required to trigger a soft start:

s ViN>6V
* ENB pin input falling edge
» Reset of a TSD (thermal shut down) event

Vgias- To improve overall system efficiency, the regulator output,
Vour 1s connected to the VBIAS input to supply the operating
bias current during normal operating conditions. During start up
the circuitry is run off of the VIN supply. VBIAS should be con-
nected to VOUT when the V1 target level is between 3.3 and

5 V. If the output voltage is less than 3.3 V, then the A8499 can
operate with an internal supply and pay a penalty in efficiency,

as the bias current will come from the high voltage supply, VIN.
VBIAS can also be supplied with an external voltage source. No
power-up sequencing is required for normal opperation.

ON/OFF Control. The ENB pin is externally pulled to ground

to enable the device and begin the soft start sequence. When the
ENB is open circuited, the switcher is disabled and the output
decays to 0 V.

Protection. The buck switch will be disabled under one or more
of the following fault conditions:

e Vy<6V
* ENB pin = open circuit
* TSD fault

When the device comes out of a TSD fault, it will go into a soft
start to limit inrush current.

tore. The value of a resistor between the TSET pin and ground
determines the fixed off-time. The formula to calculate togg (1s)
is:

RTSET
fope = RTSET__ )
OFF = 12%101

where Rygpr (kQ) is the value of the resistor. Results are shown
in the following graph:

Resistance vs. Off-Time
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Rrser (kQ)

ton- From the volt-second balance of the inductor, the turn-on
time, tgy, can be calculated approximately by the equation:

o — (Vour * Vet Iout X Ri) X tork
oN = 3

Vin—1Iout X Rps(on) —lout* RL—Vou

where

V; is the voltage drop across the external Schottky diode,
Ry is the winding resistance of the inductor, and
Rpbs(on) 18 the on-resistance of the switching MOSFET.

A8499-DS

“Alleoro-

Allegro MicroSystems, Inc. 4
115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems, Inc. www.allegromicro.com



A8499

The switching frequency is calculated as follows:

1 @)

f‘SW e —
TON + TOFF

Shorted Load. If the voltage on the FB pin falls below 0.5 V, the
regulator will invoke a 0.8 A typical overcurrent limit to handle
shorted load condition at the regulator output. For low output
voltages at power up and in the case of a shorted output, the off-
time is extended to prevent loss of control of the current limit due

High Voltage Step-Down Regulator

to the minimum on-time of the switcher.

The extension of the off-time is based on the value of the TSET
multiplier and the FB voltage, as shown in the following table:

Veg (V) TSET Multiplier
<0.25 8 X topr
<0.50 4 X torp
<0.75 2 X topr
>0.75 torr

Component Selection

L1. The inductor must be rated to handle the total load current.
The value should be chosen to keep the ripple current to a reason-
able value. The ripple current, Iyppr g, can be calculated by:

IrippLE = Vi(OFF) * torr /L (5)

Viorr) = Vour T Vit lave) * Re (6)

Example:

Given Vour=5V, V=055V, V=42V, I} oap = 0.5 A, power
inductor with L =180 pH and R = 0.5 Q Rdc at 55°C, topg =
7 Uus, and RDS(OH) =1Q.

Substituting into equation 6:

Substituting into equation 5:

IRIPPLE =58V x7 HS/ 180 HH =225 mA
The switching frequency, fqy, can then be estimated by:
fsw=1/(tox * torr) (7
tox = lripLe * L/ Vion) (®)
Vion) = Vin — luave) * Rogon)— Iu@ave) * Ri=Vour ~ (9)
Substituting into equation 9:

Vion =42V-05Ax1Q-05A%05Q-5V=36V

Substituting into equation 8:
ton =225 mA x 180 uH /36 V=1.12 ps
Substituting into equation 7:
fgw= 1/(7 us +1.12 pus) = 123 kHz

Higher inductor values can be chosen to lower the ripple cur-
rent. This may be an option if it is required to increase the total
maximum current available above that drawn from the switching
regulator. The maximum total current available, I; o Apavax)» 188

lLoapax) = leLovny * torr /L (%)
where I vy i 2.2 A, from the Electrical Chracteristics table.

D1. The Schottky catch diode should be rated to handle 1.2 times
the maximum load current. The voltage rating should be higher
than the maximum input voltage expected during all operating
conditions. The duty cycle for high input voltages can be very
close to 100%.

COUT. The main consideration in selecting an output capacitor
is voltage ripple on the output. For electrolytic output capacitors,
a low-ESR type is recommended.

The peak-to-peak output voltage ripple is simply Izppr g * ESR.
Note that increasing the inductor value can decrease the ripple
current. The minimum voltage rating of the capacitor is 10V,
however, because ESR decreases with voltage, the most cost-
effective choice may be rated higher in voltage. The ESR should
be in the range from 50 to 500 mQ.
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A8499  High Wltage Step-Down Regulator

Typical Application Circuit
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._/\/41/“5/\ 50V/1.8A
COouT
RTSET p 330 yF/ 6.3V
30.1kQ R1 (Aluminum)
4 R2 10 kQ
— 3.16 kQ —
12 Vstepdownto 5.0 Vat 1.8 A
BOOT [T | 1-----1, . [8] VIN
eNs (2] | i [
TSET [3] @ i [€] veias
GND [2] | =" [5] FB
Terminal List Table
. . i LJ
Pin Name Pin Description SOIC-8
BOOT Gate drive boost node 1
ENB On/off control logic input 2
TSET Off-time setting 3
GND Ground 4
NC No connect N/A
NC No connect N/A
FB Feedback for adjustable regulator
VBIAS Bias supply input
LX Buck switching node
VIN Supply input
Pad Exposed pad for thermal dissipation Pad
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A8499

Preliminary dimensions, for reference only
Dimensions in millimeters

U.S. Customary dimensions (in.) in brackets, for reference only

(reference JEDEC MS-012 AA)

Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

A Terminal #1 mark area

Exposed thermal pad (bottom surface)

Package LJ 8-Pin SOIC
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The products described herein are manufactured under one or more patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required to
permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that
the information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support appliances, devices, or systems without express written ap-

proval.

1.75 | .069
~ 1.35[.053

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for its
use; nor for any infringements of patents or other rights of third parties that may result from its use.

Copyright © 2005 Allegro MicroSystems, Inc.

A8499-DS

s Allegro-

MicroSystems, Inc.

Allegro MicroSystems, Inc. 7
115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000
www.allegromicro.com



