A4490

Triple-Output Step-Down Switching Regulator

FEATURES AND BENEFITS

 Three buck converters

* 4.5to 34 V input voltage range

* 550 kHz fixed frequency

* Multiphase switching

* Independent control of each converter

* Power-on-reset flag

* Internal compensation

* 4 x4 mm QFN package, small PCB footprint

APPLICATIONS

+ Photo, inkjet, and portable printers
¢ Industrial

* Handheld devices

* Portable devices

PACKAGE: 20-CONTACT QFN (SUFFIX ES)

\4

Not to scale

DESCRIPTION

Designed to provide the power-supply requirements of printers,
office automation, industrial, and portable equipment, the A4490
provides three high-current, high-performance, switching-
regulator outputs with independent soft start.

High-frequency switching allows selection of inexpensive
inductors and small ceramic output capacitors. The turn-on
cycles of the regulators are interleaved to minimize stresses on
the input capacitors and to reduce electromagnetic interference
(EMI). A charge pump provides the supply to drive the power
switches, which ensures operation at very-wide operating duty
cycles and avoids the need for power-draining clamp circuits.

A power-on-reset (POR) circuit with user-configurable delay
indicates when the enabled regulators are in specification. The
POR flag also indicates when the input-voltage reduces to
less than the specification, which gives the system controller
advance warning while the switches continue to operate down
to the shutdown level.

Internal diagnostics provide comprehensive protection against
overloads, input undervoltages, and overtemperatures.

The A4490 is provided in a 20-contact, 4 mm % 4 mm, 0.75
mm nominal overall height quad-flat no lead (QFN) package,
with exposed pad for enhanced thermal dissipation. It is lead
(Pb) free, with 100% matte tin leadframe plating.
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A4490 Triple-Output Step-Down Switching Regulator

SPECIFICATIONS
SELECTION GUIDE
Part Number Packing Operating Temperature Range (°C)
A4490EESTR-T 1500 pieces per 7-in. reel —40 to 85
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Notes Rating Unit
Load Supply Voltage Vgg 36 \%
LX1, LX2, and LX3 Pins Vixn —1to 36 \
PORZ and VDD Pins VN -0.3t07 \
ENBXx Pin Input Current Tenx Driven by a current-limited voltage source 1 mA
Operating Ambient Temperature Ta Range E —40 to 85 °C
Maximum Junction Temperature T j(max) 150 °C
Storage Temperature Tsig -55to 150 °C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Conditions Min. | Typ. | Max. | Units
Load Supply Voltage Vg To operate at Vgg < 6 V, connect Vpp supply to the Vg supply. | 4.5 - 34 V
See the Power Configurations section.
LX1, LX2, and LX3 Pins Vixn 07| - 34 \Y
Operating Ambient Temperature Ta —40 - 85 °C
Junction Temperature T, —40 - 125 °C

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

Characteristic Symbol Test Conditions [1] Value Unit

Package Thermal Resistance Roua On 4-layer PCB based on JEDEC standard 37 °C/W

[ Additional thermal information is available on the Allegro website.
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A4490

Triple-Output Step-Down Switching Regulator

FUNCTIONAL BOCK DIAGRAM
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A4490 Triple-Output Step-Down Switching Regulator

PINOUT DIAGRAM AND TERMINAL LIST
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Terminal List Table
Number Name Function

1 FB1 Feedback switching cycle 1 (REG1)

2 VDD Bias supply

3 GND [ | Ground

4 FB2 Feedback switching cycle 2 (REG2)
5 ENB2 Enable REG2, logic input, active high
6

7

8

LX2 Switch node REG2
VBB2[2 | Input supply for REG2
CPOR POR delay adjustment

9 PORZ POR output, active low

10 VCP Charge-pump reservoir

11 CP2 Charge-pump capacitor terminal

12 CP1 Charge-pump capacitor terminal

13 PGND [ | Ground for charge-pump circuitry

14 FB3 Feedback switching cycle 3 (REG3)
15 ENB3 Enable REGS3, logic input, active high
16 LX3 Switch node REG3

17 VBB3[2 | Input supply for REG3

18 VBB1[2 | Input supply for REG1

19 LX1 Switch node REG1

20 ENB1 Enable REG1, logic input, active high

- PAD [3] Exposed pad for enhanced thermal dissipation

['1 GND and PGND should be connected externally.
[21 The three VBBXx pins should be connected together externally.
Bl The thermal pad should be connected to the ground (0 V) plane using thermal vias.
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A4490 Triple-Output Step-Down Switching Regulator

ELECTRICAL CHARACTERISTICS [11[2]; valid at T, = 25°C, Vg = 6 to 34 V, Vp, supplied externally, unless noted otherwise.

Characteristics | Symbol Test Conditions | Min. | Typ. | Max. | Unit
GENERAL
B8 Quiescent Curert o8N | qraun by tosdbank estors ignered | - | 1| 2 | ma
IsBoFF ENBx =0V - 1 - pA
VDD Supply Range Vb 3.3 - 55 \Y
ENBx = high - - 6 mA
VDD Quiescent Current Inp
ENBx =0V - 1 - pA
REG1, REG2, AND REG3
Feedback Input Bias Current Iias —400 -100 100 nA
Feedback Voltage Ves With respect to 0.8 V target voltage - +1.5 - %
Output Voltage Regulation 3] Vour Vreox =5V Iour 010154, Tp = 720°C 10 85°C | 25 — 25 %
VeReax =5V, Igy1=0to 1.5A, T, =-40°Ct0 85°C | -35 - 35 %
PWM Frequency fsw 470 550 630 kHz
Maximum Duty Cycle Drmax 90 - - %
Minimum Duty Cycle Drin - 5 - %
T,=25°C, I oap=1.5A, Vgg =6V - 450 - mQ
Buck Switch On-Resistance Rpson) T,2125°C Lopp =154 Vg =6 V — 700 — mo
T,=25°C, I oap=1.5A, Vgg=4.5V - 560 - mQ
T,=125°C, I oap = 1.5A, Vg =4.5V - 870 - mQ
Current Limit Threshold Im Peak current through switch with D = 0.9 2 - - A
Soft Start Duration tss 0.625 1.25 1.875 ms
LOGIC INPUTS AND OUTPUTS
Vi - - 08 v
ENBXx Input Voltage Vi 5 - - v
ENBx Input Hysteresis VI(hys) 300 500 - mV
ENBx Input Current Iy Vi <5V -1 - 1 pA
PORZ Output (Open Drain) VPorzL IoorzL = 1 MA, fault asserted - - 0.4 \
PORZ Output Leakage Current IporzH Vporz = 5V, fault not asserted -1 - 1 uA
Power-On-Reset (POR) Duration teor Cpor =470 nF 75 115 155 ms

Continued on the next page...
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ELECTRICAL CHARACTERISTICS [M1[2]: valid at T, = 25°C, Vg = 6 to 34 V, Vpp supplied externally, unless noted otherwise.

Characteristics | Symbol Test Conditions | Min. | Typ. | Max. | Unit
PROTECTION
VREGx Undervoltage Lockout Startup VRecuvisu) | FB1, FB2, and FB3 rising - 85 - %VFB
VREGXx Undervoltage Lockout Shutdown VRecuvsd) | FB1, FB2, and FB3 falling - 80 - %VFB
VREGx Undervoltage Lockout Startup VREGUV(suh _ 5 _ o
Hysteresis (suhys) °
VBBUV(su) External VDD supply not used, Vgg rising 3.7 4.3 4.7 \Y
VBB Undervoltage Lockout Startup —
VBBCPUV(su) External VDD supply used, Vgg rising 3.8 4.2 4.6 \Y
VBBUV(sd) External VDD supply not used, Vgg falling 3.6 4.1 4.7 \Y
VBB Undervoltage Lockout Shutdown -
VBBCcPUV(sd) | External VDD supply used, Vgg falling 3 35 43 Vv
VBB Undervoltage Lockout Shutdown VBBUV(sanys) | External VDD supply not used - 500 - mv
Hysteresis VBBCPUV(sdhys) | External VDD supply used - 600 - mV
VBB Undervoltage Warning Threshold VBBUV(por) :ng;:Ir“a?g (forces PORZ low); switches continue - 36 - v
Junction Overtemperature Shutdown Tirsp Temperature rising - 165 - °C
Junction _Overtemperatu re Shutdown TJTSD(hys) Recovery = T rgp — TJTSD(hys) _ 15 _ c
Hysteresis

11 For input and output current specifications, negative current is defined as coming out of (sourcing) the specified pin.
[21 Specifications throughout the junction temperature range of —40°C to 125°C are assured by design and characterization.
131 Average value of Vgt relative to target voltage. The effects of the feedback resistors are not taken into account.
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A4490

Triple-Output Step-Down Switching Regulator

FUNCTIONAL DESCRIPTION

Basic Operation

The A4490 contains three fixed-frequency buck switching con-
verters with peak current-mode control, including slope compen-
sation. Each converter can be independently turned on and off via
the enable inputs (EN1, EN2, and EN3), which are active high.
When enabled, the corresponding output is brought up under the
control of a soft-start routine, which avoids output voltage over-
shoot and minimizes input inrush current.

The output voltage is typically divided by an external potential
divider and compared to an internal reference voltage to produce
an error signal, also known as the current demand signal. The

current signal through the buck switch is converted into a voltage.

This signal is then compared to the current demand signal to cre-
ate the required duty cycle.

At the beginning of each switching cycle, the buck switch turns
on. When the current signal through the switch reaches the level
of the current demand signal, the on time of the switch termi-
nates. On the next switching cycle, the switch again turns on, and
the cycle repeats.

One shared clock defines the switching frequency for each regu-
lator. To minimize the pulsed current drawn from the input filter
capacitors, each of the three switching cycles (REG1, REG2,
and REG3) is phase-shifted by 120 degrees with respect to the
others. In certain conditions—for example, a low Vpp condition
and a relatively high user-set output voltage—switching overlap
between channels is inevitable.

For a condition that causes a duty cycle (DC) of less than the
minimum value, such as a light load or a high Vg voltage, the
converter enters a pulse-skipping mode that ensures regulation is
maintained.

A charge-pump regulator is provided to ensure a sufficient gate
drive is available for all three power switches across the full
input-voltage range. This regulator allows operation even at very-
wide operating duty cycles. Upon initial power-up, an internal
regulator is used to provide the bias supply for on-chip control
functions.

In a short-circuit or overload event, each regulator channel uses
pulse-by-pulse current limiting. Depending on the duration of
the overload, the IC temperature might rise sufficiently to cause
the thermal shutdown circuit to operate. After the thermal disable
condition is removed, and assuming all other conditions are met,
the part automatically restarts under control of the soft-start cir-
cuit. For more information, see the Shutdown section.

Power Configuration

The A4490 supports alternative schemes to provide a logic supply
voltage on the VDD pin. In addition, power-up and power-down
of the integrated circuit (IC) can be performed using either the
VBB pin or the ENB pin.

POWERING VDD

To minimize power dissipation, especially at high input voltages,
application of an external supply to the VDD input pin is recom-
mended. Typically, this voltage derives from the setup of one of

the three regulated outputs, between 3.3 and 5 V (Vyggy)-

Another advantage of an externally powered VDD is that it
lowers the Vg undervoltage lockout level. To maximize switch
runtime during a Vgg power-down condition, two alternative
undervoltage shutdown conditions are supported based on which
VDDower configuration is implemented. When an external

Vpp is not applied, the minimum Vgg (Vggyy(sq) 18 4.1 V
(typical). When an external Vpp is applied, the minimum Vgg
(VBBCPUV(sa)) 18 3.5 V (typical).

CAUTION: When deriving VDD from a VREG output, during
initial application of Vgg, the internal bias supply automatically
starts from the internal regulator. This occurs because VREG has
not yet reached regulation. Because there is no external VDD,
the startup threshold is determined by Vggyysy) (4.3 V typical).
When VREG begins to supply VDD externally, the shutdown
threshold reduces to Vggcpyy(sq) (3.5 V typical). This assumes
that Vpgg is present.

POWER-UP AND POWER-DOWN WITH VBB

Each enable input (ENBX) is tied to the Vg rail via a 100 kQ
resistor and the VDD is supplied from one of the regulator
outputs, as shown in Figure 1. This holds each enable input

in the high state. When the Vg voltage reaches the minimum
threshold (Vggyy(su), ramp-up of the charge-pump supply (Vp)
occurs. When Vgg plus Vp reaches the minimum threshold
(VBBCPUV(su))» the soft start routines initiate (tgg) for all three
regulator channels (VREGx). When all three regulators reach the
85% FBx threshold, the POR timer is initiated. After the POR
period (tpor) elapses, PORZ transitions to the high state, which
indicates that all the regulators and Vg are within specification.
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A4490 Triple-Output Step-Down Switching Regulator
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Figure 1: Timing Diagram for Power-Up and Power-Down Using the VBB Pin
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Figure 2: Timing Diagram for Power-Up and Power-Down Using the ENB Pin
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When the Vg voltage reduces to less than the undervoltage
warning level (Vggyy(por) 0f 3.6 V (typical), the PORZ flag
resets. This provides advance warning to the system controller
that the Vg voltage is falling.

NOTE: This feature is only guaranteed when Vp, is supplied
externally. During this interval, the three switches continue to
operate.

While Vg falls further, the Vp supply also tends to fall, which
degrades the drive voltage to the series switches. In addition,
the higher-voltage rails start to fall out of regulation first, as the
corresponding maximum duty cycle (D,,,,) for these particular
converters is reached.

max

When all regulator Vg undervoltage thresholds are reached
before power-down of the A4490 occurs, the regulators that have
the lower output voltages achieve some level of steady state.

For example, if the Vy, supply is derived externally, it might be
possible for a 1 V output to continue to operate down to a Vg of
3.4 V (typical). The extent of this effect depends on myriad fac-
tors, including input and output filter capacitances, output loads,
gate drive amplitudes, MOSFET Rpyg ), and so forth.

POWER-UP AND POWER-DOWN WITH ENABLE

Power-up with the EN pin, as shown in Figure 2, occurs when
Vpg is present and the UVLO startup thresholds (Vgpyy sy and
VBBcpuv(su)) are reached. In turn, each of the regulators are
enabled. Initially, Vygg, is enabled and is brought-up under the
control of the soft-start circuit (tgg). Before Vypg; reaches 85%
of FB1, Vygg, is enabled and is brought-up under a separate soft
start control.

When both regulators have reached their respective 85% FB
thresholds, the POR timer is initiated.

NOTE: The POR timer is enabled only after all enabled regula-
tors reach their corresponding 85% FB levels. After the POR time
(tpor) elapses, if the FB levels of Vyggy and Vygg, are not less
than their respective 80% FB levels, then the PORZ signal transi-
tions to the high state.

At some point later, if Vyggs is enabled, PORZ is reset and
VREG3 1s brought-up under the control of the soft-start circuit.
When the 85% FB3 threshold is reached, the POR timer is initi-

ated. After tpgg elapses, if all FB levels exceed their respective
80% FB levels, the PORZ signal transitions to the high state.

NOTE: If any regulator channel is not enabled, the channel does
not influence PORZ. To avoid multiple signal changes of the
PORZ signal, a system design where all three regulator channels
are within specification before tpgr elapses is recommended.

If any regulator channel reduces to less than 80% of FB, the
PORZ signal is reset. If the voltage then recovers to within 85%
of FB, the POR timer is reinitiated.

NOTE: When the feedback voltage reduces to less than 80% of
FB, a soft start is not initiated. This feature allows a rapid autore-
start in the event of an overload or similar fault. If a soft start is
required, it is recommended for the system controller to disable
then re-enable the relevant regulator channels upon receipt of the
PORZ reset signal. As soon as the last regulator is disabled, the
PORZ signal is reset.

If a soft start is required upon receipt of the PORZ reset signal,

it is recommended for the system controller to disable then re-
enable the relevant regulator channels. As soon as the last regula-
tor is disabled, the PORZ signal is reset.

POWER ON RESET

The POR duration, tpgg, is determined by the capacitor connected
to the CPOR pin. The value of this capacitor must be selected
appropriately. The value of tpog can be determined by:

Equation 1:
tPOR =2.131 x ]05 X CPOR

When both Vi exceeds the undervoltage warning levels and
the FB pins of the regulators that are enabled exceed 85% of the
VrEig voltage, the PORZ output transitions to the high state.

Because the external capacitor is charged via a 5 pA current
source, care must be taken in the layout to avoid additional leak-
age paths. The capacitor should be positioned adjacent to the
CPOR pin, and the ground connection to the A4490 GND pin
should be as short as practicable.

To avoid the possibility of multiple triggerings of the PORZ out-
put, it is recommended that the tpop period be set to exceed the
startup phases of all three regulators.
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OUTPUT VOLTAGE SELECTION

The output voltage on each of the three regulators is set by the
following relationship, shown here for the Vigg; channel:

Equation 2:

R; =R, [(Vreci/VFp) — 1]
where R2 (connected between the GND and FB1 pins) should
be a value between 4.7 and 12 kQ, R1 is connected between the
output rail and the FB1 pin, Vygg; is the set output regulator
voltage, and Vg is the reference voltage.

The tolerances of the feedback resistors influence the voltage set
point. Therefore, to target an overall regulation value, it is impor-
tant to consider the tolerance selection.

The bias current, Igjag, that flows out of the FB1 node into R2
introduces a small voltage offset to the output.

ENABLE

Each regulator channel can be individually enabled via the cor-
responding ENBx pin. After the application of the Vg voltage,
if automatic startup of any channel is required, that particular
channel should have the ENB pin tied to the Vg rail via a pull-
up resistor. To prevent turn-on of the internal protection clamps,
this resistor should be selected to limit the current to less than
the maximum specified value, 1 mA. A 100 kQ pull-up resistor
is recommended: This value ensures that, when Vg =36V, the
current remains at less than the maximum value.

SOFT START

Each regulator channel contains a soft-start circuit. A soft-start
cycle is initiated when: the appropriate regulator enable input
is set to high; the Vg, charge pump, and bias supply voltages
exceed the minimum values; and a thermal shutdown condition
does not exist.

NOTE: Except in the case of thermal shutdown event, an over-
load or short circuit does not cause a soft-start cycle.

During a soft-start cycle, the reference voltage ramps from 0
to 0.8 V (typical), which forces the current demand signal to
increase in a linear fashion.

SHUTDOWN

In the event of a thermal shutdown event or an undervoltage
on Vg (Veuv(sd) OF VBBCPUV(sd))> @ll converter channels are
disabled.

If the ENB inputs are enabled, upon removal of the above fault
conditions, the appropriate channels autorestart under control of
the soft-start circuit.

CURRENT LIMIT

The typical peak current limit for each channel is specified as
2.5 A minimum, with a duty cycle of 0.9. The minimum current
limit occurs at the maximum duty cycle (0.9) because the slope
compensation has a maximum effect under this condition. As the
duty cycle reduces, the current limit increases. This means that
an application that operates with a narrow duty cycle can operate
with a load current of greater than 2 A.

The typical peak current limit versus duty cycle is shown in Fig-
ure 3. For example, it is possible to operate with a peak current
limit of 3.75 A with a duty cycle of 0.3.

Under the worst-case load and input voltage conditions, in
addition to ensuring that the peak current limit is not exceeded,
it is important to check thermal-performance implications, as
described in the Thermal Considerations section.
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Component Selection

INDUCTOR

The inductance value, L, determines the ripple current. It is
important to ensure that the minimum current limit is not
exceeded for the worst-case conditions: Vgg(min) ILoADMmax)

fsw(min)» and Lipin)-
Because powdered iron solutions exhibit relatively high core

losses that can have a large impact on long-term reliability,
gapped ferrite solutions are recommended.

Inductors are typically specified at two current levels: the root
mean square (rms) current level and the saturation current level.
With regard to the rms current, it is important to understand how
the rms current level is specified, in terms of ambient tempera-
ture. Some manufacturers provide an ambient-only specification,
while others provide a temperature specification that includes a
self-induced temperature rise. For example, if an inductor is rated
for 85°C and includes a self-induced temperature rise of 25°C at
maximum load, the inductor cannot be safely operated beyond an
ambient temperature of 60°C at full load. The rms current can be
assumed to be simply the maximum load current, with perhaps
some margin to allow for overloads, and so forth.

To determine the inductor value, the first step is to specify a
peak-to-peak ripple current, typically about 20% to 25% of the
maximum load.

5.0
45
4.0 ——
35 =
3.0
25 —
2.0
15
0.5
1.0
0.5

0

Current Limit (A)

0 20 40 60 80 100
Duty Cycle (%)

Figure 3: Current Limit vs. Duty Cycle

The maximum peak-to-peak ripple current, Izppy g, Occurs at the
maximum input voltage. Therefore, the duty cycle (D) should be
found under these conditions (for the Vg channel):

Equation 3:
MReG1 1t

Dlmin) = p(max)+/;

where Vis the forward voltage reduction of the recirculation
diode.

The required inductance can be determined by:

Equation 4:
Vp(max) — Jrggi 1

L (min) = x D(min) x m

IRlPPLE

NOTE: The manufacturer-provided inductance tolerance should
also be taken into account. This value might be as high as £20%.
To avoid instability in the innermost circuit loops due to insuf-
ficient slope compensation, the peak-to-peak current should not
exceed 1 A.

To ensure that the saturation current level of the chosen inductor
is not exceeded, The maximum peak current can be found from:

Equation 5:

I
_ RIPPLE
Isat - [LOAD + )

The recommended inductor manufacturers and ranges are:
* Taiyo Yuden: NR6045 series for 1.5 A outputs

* Taiyo Yuden: NRG4026 series for 1.0 A outputs

* Sumida: CDH74 series for 1.5 A outputs
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OUTPUT CAPACITOR

In the interests of size, cost, and performance, use of ceramic
X5R or X7R capacitor types is highly recommended. When using
ceramic capacitors, another important consideration is the elecric
field (e-field) effects on the actual value of the capacitor. To mini-
mize the effects of the capacitance reducing with output voltage,
the working voltage of the capacitor should be considerably more
than the set output voltage. For output voltages of 3.3 V and less,
6.3 V-rated capacitors are recommended. For output voltages of
5V, 10 V-rated capacitors are recommended.

The output capacitor determines the output voltage ripple and is
used to close the control loop. To guarantee stability, the capaci-
tance must increase as the output voltage reduces. Because the
ripple voltage is typically specified as a percentage of output
voltage, this requirement is reasonable from a ripple-voltage
point of view.

The minimum output capacitance for a given output voltage is:

Output Voltage Minimum Output Capacitance

V) (uF)

15 3.3

12 47

5 10

3.3 20
1.8t025 30
<1.8 40

Use of a capacitance value that exceeds the above value reduces
the bandwidth. This might be necessary in a system that has
extremely low ripple/noise requirements.

The output ripple is largely determined by the output capaci-
tance, and the effects of the equivalent series resistance (ESR)
and equivalent series inductance (ESL) can largely be ignored,
assuming good layout practices are observed.

The output voltage ripple can be approximated as:

Equation 6:
IrippLE

8 % fsw * Cout

Use of ceramic capacitors generally prevents the need to con-
sider the current-carrying capability due to the negligible heating
effects of the ESR. Also, the flow of rms current into the output
capacitor is extremely low.

VRippLE =

INPUT CAPACITOR
Use of a ceramic X5R or X7R capacitor is highly recommended.

The value of the input capacitance determines the amount of cur-
rent ripple (i.e., electromagnetic interference, EMI) that appears
at the source (Vyg supply) terminals. The amount of current

flow in and out of the input capacitor depends on the relative
impedance between the input capacitor impedance and the source
impedance. To achieve a low-impedance filter solution, place-
ment of at least two capacitors in parallel is recommended.

Generally, the heating effects of the rms current flow through the
ESR do not need to be considered. Also, the phase-shift of the
input current drawn by each of the regulators helps to reduce the
overall rms current.

FLYBACK DIODE

This diode conducts during the off-time of the switch. To mini-
mize both the forward drop and switching losses, a Schottky
diode is recommended.

The worst-case dissipation occurs at the maximum Vgg, when the
duty cycle (D) is at the minimum. The average current through
the diode can be determined by:

Equation 7:
IpiopE@y) = Lroap * (1 = D)
The forward voltage drop (V¢) can be determined from the diode

characteristics by use of the actual load current (not the average
current).

The static power dissipation can be determined by:

Equation 8:

Pstar = 1roap@y) * Vy
To ensure that enough heat-sink capability is provided to main-
tain the diode junction temperature within the safe operation area
for the device, it is also important to account for the thermal rat-
ing of the package (Rg;,) and the ambient temperature.

To minimize the effects of heat from the A4490 on the diode,
and vice versa, diode mounting on the reverse side of the printed
circuit board (PCB) is recommended.

SUPPORT COMPONENTS

The POR capacitor (C11), charge-pump capacitor (C1), reservoir
capacitor (C2), and Vpp filter capacitor (C12) should be ceramic
X5R or X7R.
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Thermal Considerations

To ensure the A4490 operates in the safe operation area, which
effectively means the junction temperature is restricted to

less than 150°C, several checks should be made. The general
approach is to determine the thermal impedance (Rg;,) required
to maintain the junction temperature at a given level, for a par-
ticular power dissipation.

Another factor worth consideration is that other power-dissipat-
ing components on the system PCB might influence the thermal
performance of the A4490. For example, the power loss contri-
bution from the recirculation diode and the sense resistor might
cause the junction temperature of the A4490 exceed the expected
temperature.

The steps that follow provide guidelines to determine a suitable
thermal solution.

NOTE: The optimal solution usually requires an iterative process.

1. Estimate the maximum ambient temperature, T (max) of the
application.

2. Define the maximum junction temperature, Tyiqy)-
NOTE: The absolute maximum is 150°C.
3. Determine the worst-case power dissipation, Ppyay)-

The evaluation should consider these factors at the maximum
load and minimum Vpp. Contributors are switch static losses,
dynamic losses, and control losses, as described in the steps that
follow.

1. Switch Static Losses
Determine the switch static losses as follows
A. Estimate the maximum duty cycle as:

Equation 9:

D(max) = (VREG + Vﬂ)/(VBB(min) + Vf)
where V. is the forward voltage drop of the Schottky
diode under the given load current.

B. Estimate the Rpg oy Of the each regulator switch at the
given junction temperature as:

Equation 10:

Rpsion17 = Rpsin2scll + (T;—25)/200]
NOTE: If the Vg range is restricted to between 4.5 and
5.5V, Rpgon) increases. For example, at 25°C:

* When Vg > 6 V, Rpg(on) 1s 450 mQQ (typical), as stated
in the Electrical Characteristics table.

* When Vg =4.5 V, Rppg(op) is 560 m (typical).

* When Vg is between 4.5 and 6 V, Rpg (o, can be deter-
mined by linear approximation.

For more information about operation of the A4490 at a
Vg voltage between 4.5 and 5.5 V, see the Power Con-
figurations section.

C. Determine the static loss for each switch as:

Equation 11:
Psrar = 1040° * Dimax) * Rpson1s
where I; o ap is the load for that particular regulator chan-
nel.
2. Switch Dynamic Losses

To determine the switch dynamic losses, estimate the turn-on
and turn-off losses as:

Equation 12:
Ppyn = Vagmin) * (ILoap/2) % 30 x 1079 % foy
where fgyy is the switching frequency.
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3. Control Losses
Determine control losses as:

Equation 13:

Pypp = Iggon * Vs
where Iggoy is the quiescent current assuming all three regu-
lators are on.

Equation 14:
Pypp =1Iypp * Vpp
where Iy,pp and is the quiescent current on VDD.
4. Total Losses
Estimate the total losses as:

Equation 15:
PTOTAL = Pgryr; + Psryrs + Pspurs

+ Ppyn: t Ppynz + Ppyns
+ Pygg + Pypp
5. Thermal Impedance

Determine the thermal impedance required for the solution
as:

Equation 16:
Roja = (T;— Ty)/Promur

Example
Selected parameters:
* VBB(min) =6V
. VREGIZSVatlA
* VREG2:3.3Vat 1 A
* Vgggz = 1.8 Vat 800 mA

. T\=70°C
. T,;=115°C
* Vf:04V

1. Switch static losses:
Vregr duty cycle (D) = (5 + 0.4)/(6 + 0.4) = 0.84
Vreg2 duty cycle (D) = (3.3 + 0.4)/(6 + 0.4) = 0.58
Vregs duty cycle (D3) = (1.8 + 0.4)/(6 + 0.4) = 0.34

The Rpygon) 0f each switch can be determined by:
Rpsiomry = 450 x 1073 [1 + (115~ 25)/200] = 0.653 Q

The static loss of each switch can be determined by:
Pyryry = 12 x0.84 < 0.653 =0.55 W

Porym =12 X 0.58 x 0.653 = 0.379 W

Poryrs =0.82 x 0.34 x 0.653 =014 W

2. Switch dynamic losses:
Ppyny =6 % (1/2) x 30 x 1079 x 500 x 103 =0.045 W
Ppyanr =6 % (1/2) x 30 x 1079 x 500 x 103 = 0.045 W
Ppynz =6 % (0.8/2) x 30 x 10-9 x 500 x 103 = 0.036 W

3. Control losses:
Pygp=0.005 x6=0.03 W

Pypp = 0.001 x 3.3 =0.003 W

4. The total power dissipation can now be determined by:

+0.045 + 0.036 + 0.03 + 0.003 = 1.228 W

5. The thermal impedance required for the solution can be
determined by:

Ry = (115~ 70)/1.228 = 36.6 °C/W

To ensure the junction temperature remains at less than 115°C,
this particular solution requires a board with a high thermal effi-
ciency. For maximum effectiveness, the material of the PCB pad
area underneath the thermal pad of the A4490 should be exposed
copper. Several thermal vias (typically, between 4 and 8) should
be used to connect the thermal pad to the internal ground plane. If
possible, an additional thermal copper plane should be applied to
the bottom side of the PCB and connected to the thermal pad of
the A4490 through the vias.

This calculation assumes thermal influence from other com-
ponents is not present. If possible, flyback-diode mounting

is recommended on the reverse side of the PCB. Ensure low
impedance electrical connections are implemented between board
layers.
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PCB LAYOUT GUIDELINES

The ground plane is largely dictated by the thermal requirements
described previously. The ground-referenced power components
should be referenced to a star ground, located away from the
A4490 to minimize ground bounce issues.

A small, local, relatively quiet ground plane near the A4490
should be used for the ground-referenced support components,
to minimize interference effects of ground noise from the power
circuitry. The recommended grounding architecture is illustrated
in Figure 4.

To avoid ground bounce and offset issues, the connection for the
ground-referenced feedback resistors (R2, R4, and R6) is highly
recommended to be placed as close as practicable to the A4490
GND connection.

A local quiet ground plane around these components can be
implemented. However, this ground plane should have a high-
impedance connection to the star connection of the power stages.

If a ground plane is used, to avoid the possibility of noise pickup,
overlap of the switching nodes (LX1, LX2, and LX3) is not rec-
ommended. To minimize the possibility of noise-injection issues,
isolation of the ground plane around high-impedance nodes (such
as FBx, ENBx, and CPOR) is recommended.

In terms of grounding the power components, a star connection
should be made to minimize the ground-loop impedances.

IMPORTANT: Although the thermal characteristics of the solu-
tion might require a ground plane, implementation of a ground
star connection for the power components remains imperative.
The ground for the charge pump (PGND) should be connected to
the thermal vias.

The importance of ground connections that are as short as prac-
ticable and form good star connections is illustrated in Figure 5
and Figure 6.

The current conduction paths during the on-cycle of the switch-
ing FET are also shown in Figure 5. The following points should
be noted:

* The Cyy capacitor should be placed as close as practicable to
the VBB terminals.

» The capacitance of the Cyy capacitor should be split between
the VBB terminals for Vg and Vygg; and the VBB
terminal for Vpggo.

* The VBB terminals for Vg and Vygg, should be connected
via short and wide traces to the VBB terminal for Vyggs.

» Each inductor should be connected as close as practicable
to the respective switching FET (LX1, LX2, and LX3) and
output capacitors.

The current conduction path during the off-cycle of the switching
FET is shown in Figure 6. The following points should be noted:

* The diode (D) should be placed as close as practicable to both
the switching FET and the inductor.

* Support components POR capacitor (C11), charge pump
capacitor (C1), reservoir capacitor (C2), and VDD filter capacitor
(C12) should be located as close as practicable to their respective
terminal connections. The ground-referenced capacitors should
be connected as close as practicable to the GND terminal.

A4490 Support

Components Power Circuitry

A4490

|GND PGND }
L

Thermal Vias

Local “Quiet
Ground Plane

I

Internal Ground Plane

Figure 4: Ground Plane Configurations

Q LX L

Star Connection
Figure 5: FET On-Cycle Current Conduction Paths

Q LX L

Star Connection
Figure 6: FET Off-Cycle Current Conduction Paths
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POWER CONFIGURATIONS

The following three diagrams show typical configurations to
provide power to the application. The center diagram corresponds

to the Typical Application diagram.

Only Vgpg Supplied
6034V

VBB

L
LX VREG
— VDD

Comments:

« Simple configuration, only one supply required

* Increased power losses at higher Vgpg voltages

* Vgp startup = 4.3 V (typical), shutdown = 4.1 V (typical)

Vpp Applied Externally (First Option)
6034V

VBB

L
LX VREG
VDD

Comments:

* Reduced power losses at higher VBB voltages

* Vgp startup = 4.3 V (typical), shutdown = 3.5 V (typical);
in this case, the startup threshold (VBBUV(su)) is higher
because VRgg is not present

Vpp Applied Externally (Second Option)
45t055V

VBB

L
LX VREG]
VDD

Comments:
* Power restricted as VBB <6V, due to increase
in VDS(on of buck switches
* Vgp startup = 4.2 V (typical), shutdown = 3.5 V (typical)
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PACKAGE OUTLINE DRAWING

For Reference Only — Not for Tooling Use
(Reference JEDEC MO-220WGGD)
Dimensions in millimeters - NOT TO SCALE
Exact case and lead configuration at supplier discretion within limits shown
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! SEATING & PCB Layout Reference View
N008|C L PLANE
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0.25*0.05 —>| |<— ‘ T— 0.75.£0.05
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A Terminal #1 mark area

Exposed thermal pad (reference only, terminal #1
identifier appearance at supplier discretion)

A Reference land pattern layout (reference IPC7351
QFN50P400X400X80-21BM)

2.60 All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary
to meet application process requirements and PCB layout tolerances; when

' mounting on a multilayer PCB, thermal vias at the exposed thermal pad land

can improve thermal dissipation (reference EIA/JEDEC Standard JESD51-5)

nnnnn

A Coplanarity includes exposed thermal pad and terminals

Figure 7: Package ES, 20-Pin QFN

17
Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com
Downloaded from AFFOW.Com.


http://www.arrow.com

A4490 Triple-Output Step-Down Switching Regulator

REVISION HISTORY
Number Date Description
10 June 26, 2012 Update IDD and undervoltage lockout

Overhauled web-published document, including a template update and editorial and formatting
modifications throughout, and submitted for initial release to document control.

1 July 24, 2026

Copyright 2026, Allegro MicroSystems.

Allegro MicroSystems 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’s products are not to be used in any devices or systems, including but not limited to life support devices or systems, in which a failure of
Allegro’s product can reasonably be expected to cause bodily harm.

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

Copies of this document are considered uncontrolled documents.

For the latest version of this document, visit our website:
www.allegromicro.com

18
Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

Downloaded from AFFOW.Com.


http://www.allegromicro.com
http://www.arrow.com

