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MAX20474

General Description

The MAX20474 is a high-efficiency DC-DC converter that
boosts 3.0V to 5.5V input supply from 6V to 18V at up to
1A load. The boost converter achieves +1.5% output error
over load, line, and temperature range.

The device features a 2.2MHz fixed-frequency PWM
mode for better noise immunity and load-transient re-
sponse, as well as a pulse-frequency modulation mode
(skip) for increased efficiency during light-load operation.
The 2.2MHz frequency operation allows for the use of all
ceramic capacitors and minimizes external components.
The programmable spread-spectrum frequency modula-
tion minimizes radiated electromagnetic emissions. Inte-
grated low RpsonN switches improve efficiency at heavy
loads and make planning the layout a much simpler task
with respect to discrete solutions.

Other features include True Shutdown™ soft-start, over-
current, and overtemperature protections.

Applications

e Automotive Point of Load

True Shutdown is a trademark of Maxim Integrated Products, Inc.

Ordering Information appears at end of data sheet.

3.0V to 5.5V Input, 6V to 18V Output,
Synchronous Boost Converter

Benefits and Features

e Synchronous Boost Converter for Small Solution Size
* 4.0A Peak Input Current
* Resistor-Adjustable Output Voltage from 6V to 18V
* 6V to 18V Fixed Output Selection in 0.25V Steps
+ 3.0V to 5.5V Operating Supply Voltage
* 2.2MHz Operation
* RESET Output
» Spread Spectrum

e High Precision
» 11.5% Output Voltage Accuracy, Fixed
+ +2.2% Output Voltage Accuracy, Adj
+ 81 1 3% UV Monitoring
* 121 £ 3% OV Monitoring
* Good Load-Transient Performance
e Robust for the Automotive Environment
+ Current-Mode, Forced-PWM, and SKIP Operation
» Overtemperature and Short-Circuit Protection
e 3mm x 3.5mm, 14-Pin TDFN
* -40°C to +125°C Automotive Temperature Range
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MAX20474 3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

Absolute Maximum Ratings

EN, SYNC, SSEN, BIAS, AV, RESET to GND......... -0.3V to +6V Continuous Power Dissipation (Nofe 2) (Ta = +70°C, derate
OUTS, OUT to PGND......ccoiiiieiieieeieiesiee e -0.3V to +22V 22.15mW/°C above +70°C) .....covvverieeiiieeeecee e 1771.87mW
REG t0 OUT ..o -6V to OUT + 0.3V Operating Temperature Range............ -40°C to +125°C
LX t0 PGND (NOLE 1).evveeeacriaeeiiiieeaniiiaeeinens -0.3V to OUT + 0.3V Junction Temperature .........ccccoeeveeeeeiiiee e +150°C
GND to PGND .....oooiiiiiiiee e -0.3V to +0.3V Storage Temperature Range. ............... -40°C to +150°C
LX Continous RMS Current.........cccevceeveinieneciinec e 4A Soldering Temperature (Reflow)..........cccociviniinicnennne +260°C

Output Short-Circuit Duration ..........c.cccceeieeeiieeieeene. Continuous

Note 1: Self-protected from transient voltages exceeding these limits in circuit under normal operation.

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the
device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Package Information

TDFN
Package Code T143A3+1C
Outline Number 21-100420
Land Pattern Number 90-100149
Thermal Resistance, Four-Layer Board:
Junction to Ambient (84) 45.15°C/W
Junction to Case (6,¢c) 7.54°C/W

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”, “#”, or “-” in the package code indicates
RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board. For detailed information on package thermal
considerations, refer to www.maximintegrated.com/thermal-tutorial.

Electrical Characteristics

(Vav = 85V, EN =5V, Tp = Ty = -40°C to +125°C, VoyTt = 12V, Typical values are at Tp = +25°C under normal conditions unless
otherwise noted. (Note 3)
Limits over the operating temperature range and relevant supply voltage range are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range VIN 3 5.5 V
AV_UVLO Rising AV_UVLOR | AV rising 25 \Y
AV_UVLO Falling AV_UVLOF | AV falling 22 \Y,
Shutdown Supply _ _ - °
Current ISHDN EN = LOW, SYNC = LOW, Tp = +25°C 1 HA
Supply Current N EN = HIGH, IoyT = OmA, SYNC = LOW 400 pA
PWM Switching
Frequency fsw Internally generated 2 22 24 MHz
Spread Spectrum SS SSEN enabled +3 %
ouT

PWM mode, I oap = 0A to Iyax, internal
-1.5 +1.5
Output Voltage Y feedback %
Accuracy out PWM mode, I oap = OA to Iyax, external
-2.2 +2.2
feedback
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MAX20474

3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

Electrical Characteristics (continued)

(Vav = 8V, EN =5V, Tp = Ty = -40°C to +125°C, VoyTt = 12V, Typical values are at Tp = +25°C under normal conditions unless

otherwise noted. (Note 3)

Limits over the operating temperature range and relevant supply voltage range are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Feedback Voltage
Accuracy 9 VouT PWM mode, I oap = 0A to Iyax 794 812 830 mV
pMOS On-Resistance RHs Vav = 3.3V, I x = 1.0A 150 mQ
nMOS On-Resistance RLs Vavy = 3.3V, I x = 1.0A 100 mQ
nMOS Current-Limit
Threshold ILim2 3.0 4.0 5.0 A
LX Leakage Current ILxLKG LX =PGND or OUT, Tp = 25°C 0.1 uA
Maximum Duty Cycle DCnpax 88 %
OUT Discharge VEN = OV (connected to OUT) power
Resistance RpiscH dissipation 300 Q
SKIP Threshold THSKIP Percentage of nMOS current-limit 25 %

threshold

Soft-Start Time tss 1.9 ms
THERMAL OVERLOAD
Thermal Shutdown - R
Temperature TSHDN Ty rising 165 C
Hysteresis THyYST 15 °C
RESET
OV Threshold OVACC Rising, % of nominal output 118 121 124 %
UV Threshold UVACC Falling, % of nominal output 78 81 84 %
Active Hold Period tHoLD Option 1 (default) 0.5 ms
OV/UV Delay Filter tovUuvDEL 10% below/above threshold 10 us
Output-High Leakage _ o
Current IRLKG Ta =+25°C 0.1 uA
Output Low Level VRoL Sinking -2mA 0.2 \%
EN, SSEN, AND SYNC INPUTS
Input High Level ViH 1.5 Vv
Input Low Level VL 0.5 V
Input Hysteresis VHYST 0.1 \%
SYNC Input Pulldown RsyNcPD EN high 100 kQ
SYNC Input Frequency
Range fsyne 1.7 2.6 MHz
EN Pulldown Current 1 A

Note 3: All units are 100% production tested at +25°C. All temperature limits are guaranteed by design.

www.analog.com
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MAX20474

3.0V to 5.5V Input, 6V to 18V Output, Synchronous

Typical Operating Characteristics

(Ta =+25°C)
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MAX20474

3.0V to 5.5V Input, 6V to 18V Output, Synchronous

Typical Operating Characteristics (continued)

(Tp = +25°C)
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MAX20474

Typical Operating Characteristics (continued)

3.0V to 5.5V Input, 6V to 18V Output, Synchronous

Boost Converter

(Tp = +25°C)
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MAX20474

3.0V to 5.5V Input, 6V to 18V Output, Synchronous

Typical Operating Characteristics (continued)

(Tp = +25°C)
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Pin Description
PIN NAME FUNCTION
BIAS BIAS LDO Output. Connect a 2.2uF ceramic capacitor to from BIAS to GND.
2 AV Analog Power Input Supply. Connect a 0.1uF ceramic capacitor from AV to GND.
3 REG LDO Output. Connect a capacitor from REG to OUT. See REG Pin Considerations for required
value.
Output Voltage Feedback Pin. Connect this pin to the output capacitor for part numbers with fixed
4 OouTS . - . :
output voltage or through a resistor-divider for the adjustable output version.
5 ouT Output Voltage.
6,7 LX Inductor Connection. Connect LX to the switched side of the inductor.
8,9 PGND Power Ground.
10 RESET Open-Drain RESET Output. To obtain a logic signal, pull up RESET with an external resistor.

www.analog.com
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MAX20474

3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

Pin Description (continued)

PIN NAME FUNCTION
Spread-Spectrum Enable. Connect to input supply to enable spread spectrum or to ground to
11 SSEN ;
disable.
SYNC Input. Connect SYNC to GND or leave unconnected to enable SKIP-mode operation under
12 SYNC light loads. Connect SYNC to AV or an external clock to enable fixed-frequency forced-PWM-mode
operation.
13 GND Ground. Connect all ground pins to the EP.
14 EN Active-High Enable. Drive EN HIGH for normal operation.
Exposed Pad. Connect the exposed pad to ground. Connecting the exposed pad to ground does
— EP not remove the requirement for proper ground connections to PGND. The exposed pad is attached
with epoxy to the substrate of the die, making it an excellent path to remove heat from the IC.

Functional Diagrams

Internal Block Diagram
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MAX20474 3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

Detailed Description

The MAX20474 is a high-efficiency, 6V to 18V output synchronous DC-DC boost converter that boosts the input supply
of 3.0V to 5.5V to an output voltage of 6V to 18V. The boost converter has True Shutdown so the output voltage is 0V
when off. The boost converter achieves +1.5% output error over load, line, and temperature ranges for the fixed output
voltage options.

The device features a 2.2MHz fixed-frequency PWM mode for better noise immunity and load-transient response, and
a pulse-frequency modulation (SKIP) mode for increased efficiency during light-load operation. The 2.2MHz frequency
operation allows for the use of all ceramic capacitors and minimizes external components. The programmable spread-
spectrum frequency modulation minimizes radiated electromagnetic emissions. The spread modulation can be factory-
set to pseudorandom. Integrated low-Rpson switches improve efficiency at heavy loads and make the layout a much
simpler task with respect to discrete solutions.

For each output, the MAX20474 contains high-accuracy, factory-set OV/UV thresholds that are mapped to the RESET
pin. Diagnostics on the RESET and OUT pins guarantee high reliability and fail-safe operation.

In light-load applications, a logic input (SYNC) allows the devices to operate either in SKIP mode for reduced current
consumption or fixed-frequency, forced-PWM (FPWM) mode to eliminate frequency variation and help minimize EMI.
Protection features include cycle-by-cycle current limit and thermal shutdown with automatic recovery.

Enable Input (EN)

The enable control inputs (EN) activate the device channel from their low-power shutdown state. EN has an input
threshold of 1V (typ) with a hysteresis of 80mV (typ). When an enable input goes high, the associated output voltage
ramps up with the programmed soft-start time.

RESET Output

The device features an open-drain RESET output that asserts low when the corresponding output voltage is outside of
the UV/OV window. RESET remains asserted for a fixed timeout period after the output rises up to its regulated voltage.
The fixed timeout period is factory-programmable between 0.5ms, 3.7ms, 7.4ms, or 14.9ms. Contact the factory for a
preprogrammed timeout period. To obtain a logic signal, place a pullup resistor between the RESET pin and the system
I/O voltage.

Internal Oscillator

The device has a spread-spectrum oscillator that varies the internal operating frequency up by +3% relative to the
internally generated operating frequency of 2.2MHz (typ). This function does not apply to externally applied oscillation
frequency. The spread frequency generated is pseudorandom with a repeat rate well below the audio band.

Synchronization (SYNC)
The device has an on-chip oscillator that provides a fixed switching frequency of 2.2MHz. Depending on the condition of
SYNC, two operation modes exist.

Operation Mode 1, SKIP: If SYNC is unconnected or at GND, the device will operate in the highly efficient pulse-skipping
mode if the load current is below the SKIP mode current threshold.

Operation Mode 2, FPWM: If SYNC is at AV or has an applied frequency from an external source, then the device is in
forced-PWM mode.

SYNC may be switched to SKIP or FPWM at any time during operation. An external clock may also be applied or disabled
at any time during operation as well. However, to minimize overshoots and undershoots affecting downstream circuits
during on-the-fly mode transitions with SYNC, it is recommended to disable the MAX20474 first then transition SYNC to
SKIP or FPWM, or enable or disable an external clock.

Charge Mode

When the MAX20474 is enabled through the EN pin or AV crossing the UVLO _rising threshold, the high-side pMOS is
configured as a constant current source. While not switching, the high-side pMOS delivers a 2A (typ) constant charging
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MAX20474 3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

current to the output until the Vo voltage rises to the equivalent of the BIAS voltage (4.5V, typ). Once Vo rises to
the BIAS voltage, the MAX20474 enters boost mode where the high-side pMOS begins to switch.

The MAX20474 enters hiccup mode under the following conditions: 1) startup into hard short, and 2) hard short after
regulation. During startup into hard short conditions, the high-side pMOS will be unable to charge up the output voltage
to the BIAS voltage, so the MAX20474 enters hiccup mode and automatically retries after 120ms. If the MAX20474 is
shorted to ground after the soft-start period, the boost again enters hiccup mode and automatically retries after 120ms.

Soft-Start

The MAX20474 includes a fixed soft-start of 1.9ms. Soft-start time limits start-up inrush current by forcing the output
voltage to ramp up towards its regulation point.

Current Limit/Short-Circuit Protection

The device features a current limit that protects the device against short-circuit and overload conditions at the output.
In the event of a short-circuit or overload condition, the low-side MOSFET remains on until the inductor current reaches
the low-side MOSFET’s current-limit threshold. The converter then turns on the high-side MOSFET to allow the inductor
current to ramp down. Once the inductor current crosses below the high-side MOSFET current-limit threshold, the
converter turns on the low-side MOSFET again. This cycle repeats until the short or overload condition is removed.

When a short-circuit condition is expected in the system, it is vital that an additional capacitor is implemented on the
REG pin of the MAX20474. See the REG Pin Considerations section to determine what value of capacitor is required for
short-circuit conditions.

PWM/SKIP Modes

The device features an input (SYNC) that puts the converter either in SKIP mode or forced PWM mode of operation. See
the Pin Description section for more details. In PWM mode, the converter switches at a constant frequency with variable
on-time. In SKIP mode, the converter's switching frequency is load dependent until the output load reaches a certain
threshold. At higher load current, the switching frequency does not change and the operating mode is similar to the PWM
mode. SKIP mode helps improve efficiency in light load applications by allowing the converter to turn on the high-side
switch only when the output voltage falls below a set threshold. As such, the converter does not switch MOSFETs on
and off as often as is the case in the PWM mode. Consequently, the gate charge and switching losses are much lower in
SKIP mode.

Overtemperature Protection

Thermal overload protection limits the total power dissipation in the MAX20474. When the junction temperature exceeds
+165°C (typ), an internal thermal sensor shuts down the internal bias regulator and the step-down controller, allowing the
IC to cool. The thermal sensor turns on the IC again after the junction temperature cools by 15°C.

OUTS Pin Considerations

The OUTS pin of the MAX20474 does not protect against open-circuit conditions. If the OUTS pin is open, the high-side
MOSFET of the output stage will attempt to regulate the output voltage leading to damage. Careful consideration should
be taken for adjustable output voltage options where open circuits can occur due to poor connections of the feedback
resistors (e.g., cold solder joints). For fixed output voltage options, the OUTS pin is shorted to the OUT pin, therefore only
PCB pad or trace damage can be considered for an open condition.

BIAS Pin Considerations

The BIAS pin provides a external connection to a bypass capacitor for the internal BIAS LDO. It is not recommended for
any other external circuitry to connect to the BIAS pin as the BIAS LDO does not source current.

REG Pin Considerations

The MAX20474 does not implement self-protection when the REG pin is shorted to ground; irreparable damage can
occur. The REG pin also requires additional protection when the OUT pin is shorted to ground to cause a short-circuit
condition. When the application use case requires short-circuit protection, a capacitor from the REG pin to ground is
required. Table 1 outlines the conditions and capacitance values necessary for REG pin protection during OUT pin shorts
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MAX20474 3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

to ground for either variant (e.g., fixed output voltage or adjustable output voltage).

Table 1. REG Pin Capacitance Recommendations for Short-Circuit Protection

OUTPUT CAPACITANCE FROM OUT TO CAPACITANCE FROM REG TO NOTES
VOLTAGE REG GND
X7R, 50V, £10%
<8v 220nF 330nF CGA3E3X7R1H334K080AB
X7R. 50V, £10%
28V 220nF 220nF CGA3E3X7R1H224K080AB
6V to 18V 330nF Open When short protection
is not required
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MAX20474 3.0V to 5.5V Input, 6V to 18V Output, Synchronous
Boost Converter

Applications Information

Input Capacitor

The input filter capacitor reduces peak currents drawn from the power source and reduces noise and voltage ripple on
the input caused by the circuit’s switching. A 2.2uF X7R ceramic capacitor is recommended for the AV pin.

Inductor Selection

The MAX20474 fixed voltage option has an optimally designed slope compensation for a 1uH inductor +20% for the entire
range of input (3.3V to 5.5V) and output voltages (6V to 18V). The MAX20474 adjustable voltage option implements
a fixed slope compensation for the entire range of input and output voltages. Therefore, in the case of an adjustable
output option, greater care of selecting an inductor value is required if the system design implements a value other than a
1uH inductor +20%. General guidance on inductor calculations is discussed below; however, contact the Analog Devices
factory applications engineer for guidance verifying a different inductor value that is implemented in the end system.

Generally, choosing an inductor value for the MAX20474 is a tradeoff between inductor size and type, inductor ripple
requirements, and input current limit.

The inductor type may be a ferrite core or a soft-saturation core. For a ferrite core, the saturation current should be
greater than the maximum current limit. For a soft-saturation core, the saturation current can be less than the maximum
current limit as long as the inductance at the maximum current limit is greater than 50% of the nominal inductance.

Equation 1 is the ideal, canonical equation used to calculate the peak-to-peak ripple in a boost converter.
Equation 1:

YN\ g2 N
L-tsw Vout

where 2Ai|_is the peak-to-peak inductor ripple chosen to meet system requirements.

2AiL=

Equation 1 is rearranged to calculate the required inductor value to meet the desired ripple amplitude:
Equation 2:

[ = N ) 1 VIN
270 fsw VouT

where 2Ai|_is typically limited to 30% of the maximum load current.

Equation 2 illustrates that a smaller inductance value will yield higher ripple current. Care must be taken regarding the
ripple amplitude as the MAX20474 implements peak current limit on the input. Therefore, the sum of the peak current
and maximum load current should not exceed the input current limit. Equation 3 is used to calculate the peak current in
the inductor.

Equation 3:

Ipeak = lout + 5
The ripple requirements, core saturation, and value determine the inductor package sizing. See the Layout
Considerations, as inductor sizing affects component orientation and layout.

Boost Output Capacitor

The MAX20474 is designed to be stable with low-ESR ceramic capacitors. Other capacitor types are not recommended,
as the ESR zero can affect stability of the device. The following output capacitor calculations are guidelines based on
nominal conditions. The phase margin must be measured on the final circuit to verify that proper stability is achieved.

110us - A
COUT, = 110us A
MIN =" Vour
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220us - A
COUT, — 2208 A
NOM ™" Vour

COUTMAX =25- CNOM

External Feedback Resistors

The MAX20474 is available in a fixed voltage output through factory trim and an adjustable voltage output version. The
output voltage range for both versions is 6V to 18V. For a desirable output voltage for the adjustable option, the following
equation is necessary to calculate the external feedback resistors:

Vout

RuigH = RLow VRer

where VRer = 812mV (typ) per the Electrical Characteristics table.

The parallel combination of RyigH and R ow should be <30kQ to help reduce errors due to PCB contamination. It is
important for the fixed output variant of the MAX20474 that VOUTS is shorted to VgoyT for proper operation or damage
can occur to the device.

Layout Considerations

Similar to buck converters, boost converters like the MAX20474 should follow similar guidelines for proper PCB layout.
With the MAX20474 IC as the focal point in the PCB layout, use the following guidelines to ensure excellent device
performance, including thermals and efficiency.

1. The exposed pad of the MAX20474 must be connected to a copper plane for excellent thermal conductivity. Thermal
design is dictated by the copper weight, thermal area, and number of vias implemented to achieve thermal performance.
As a rule of thumb, it is best to use 20z solid copper planes on the top board layer with vias from the exposed pad to a
second solid copper plane. Real world designs often use 10z copper for cost considerations; therefore, it is imperative to
via connect (4 to 6, depending on hole size) to as many board layers together for a larger thermal plane.

2. The routing and placement of the output capacitors are critical for a boost. Similar to a buck converter's input
capacitors, a boost's output capacitors experience high dl/dt as the current waveforms are high-RMS, discontinuous
currents. The required output ceramic capacitors should be placed very close to the OUT pin (<10mils or <0.254mm) and
oriented where the return path back to the PGND pins are as short as possible; this is typically done on the top layer. The
greater the length of the power ground return loop in the path of the output capacitor bank will add undesired parasitic
resistance and inductance. This can lead to greater ringing on the LX node that reduces efficiency and higher EMI.

3. The routing and placement of the input capacitors are not as critical as the output capacitors since the input current to
a boost is a low-RMS continuous current. It is still recommended that the input capacitors are placed close to the IC and
oriented to minimize the return path back to the MAX20474's PGND pins again on the top layer. This specific distance
will be influenced by the package size of the inductor, as the input capacitor is placed before the boost inductor.

4. The AV and BIAS capacitors provide external bypassing to their respective analog blocks. Place these capacitors
(=40mils, <1mm) away from their respective pins.

5. The REG capacitor placement should minimize parasitic resistance in the path of the capacitor to the REG pin. See
REG Pin Considerations for additional information regarding short-circuit protection system requirements.

Figure 1 is one example of a suggested layout for the MAX20474. For additional guidance or questions regarding layout,
contact the Analog Devices factory applications engineer.
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VIAWITH KEEPOUT

INDUCTOR

2mm x 2.5mm

Figure 1. MAX20474 Layout Suggestion
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Typical Application Circuits

Fixed Output

33V 1uH
T A
2.2uF I—L
3.3V
}:— AV LX
0.1uF LX 220nF
% GND REG T‘ |— 12V
220nF § { >
i BIAS  MAX20474 22uF
2.20F FIXED OUTPUT oyt — —
I |3 -
PGND
PGND Q_
——» EN —
33V |— syNe %om
i SSEN RESET
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Typical Application Circuits (continued)

Adjustable 12V Output

3.3V 1uH

AV LX
LX 220nF

S

} GND REG
1

I

1
T

220nF
BIAS  MAX20474

"

ADJUSTABLE

12V
220 OUTPUT T
out +——o—>
OouTs 10pi 22uF
PGND 90.9kQ I
PGND =
— Ea
- 6.49kQ
33V |— syNe 10kQ %
SSEN RESET
J_—_ EP
i —
Ordering Information
OUTPUT INPUT CURRENT
PART VOLTAGE LIMIT TEMP RANGE
MAX20474ATDA/V+ Adjustable 4A -40°C to +125°C
MAX20474ATDB/V+* 12v 4A -40°C to +125°C

*Future product—contact factory for availability.
+Denotes a lead(Pb)-free/RoHS-compliant package.
T = Tape and reel.

/V Denotes an automotive-qualified part.
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