®
AN095
5A, 36V Synchronous Buck Converter
in a 3x4mm Package

The Future of Analog IC Technology®

MPQ4470

5A, 36V Synchronous Buck Converter
in a 3x4mm Package
Application Note

Prepared by Jens Hedrich

Jan. 19, 2015

ANO0095 Rev. 1.0 www.MonolithicPower.com 1
1/21/2015 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2015 MPS. All Rights Reserved.



ANO095

5A, 36V Synchronous Buck Converter
in a 3x4mm Package

The Future of Analog IC Technology®

INTRODUCTION

The MPQ4470 offers an ultra-compact and highly efficient solution for applications with higher power
requirements. The MPQ4470 has an input-voltage range of 4.5V to 36V (40V abs. max) with integrated
40mQ and 20mQ MOSFETs (HS/LS) in a 3x4mm QFN package. The integrated MOSFETs simplify
circuit design significantly, compared to buck controllers with external MOSFETs. MPQ automotive and
industrial grade ICs are characterized and tested to guarantee specifications over the full operating
temperature range. MP standard ICs guarantee parameters at room temperature and operation from
-40°C to +125°C, typically. The MPQ4470A features output over-voltage protection (OVP) with latch-off
removed. The MPQ4470 operates in the -40 °C to +125 °C temperature range and is offered in an
automotive version with AEC-Q100 G1 qualification.
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FIGURE 1. MPQ4470 Circuit — 5A with only 2x22uF MLCC at Output (f_sw = 500kHz)

To provide excellent load-step performance for demanding FPGAs or GSM modules, the MPQ4470
uses an adaptive constant on-time (COT) method for control. Normally, COT controllers have the
disadvantage of switching frequencies that depend on the input voltage and the ESR of the output
capacitor, which is undesirable in many applications. The MPQ4470 has an internal adaptive on-time
that changes depending on the input voltage, resulting in a nearly constant switching frequency for the
entire input-voltage range. Through R4 and C4, an additional ripple signal is fed into the feedback
network (R1 and R2) making the switching frequency independent of the ESR of the output capacitor
(see Fig. 1). The adaptive control loop and feedback network topology results in a COT controller with a
remarkably constant operating frequency, functioning stably with low ESR output ceramic capacitors.
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ADJUSTBABLE SWITCHING FREQUENCY
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FIGURE 2. MPQ4470 Evaluation Board - 94.6% Efficiency

To optimize the external component size and reduce switching loss, the MPQ4470 offers an adjustable
switching frequency. In a 24V to 3.3V and 3A load application, the efficiency drops from 92.3% (at
350kHz) to 91.8% (at 500kHz) or 90.6% (at 700kHz). Therefore, a doubling of the switching frequency
results in 200mW (1.7%) higher losses for this operating point. If the circuit is supplied with 12V at the
input, the efficiency is 94.1% (at 3A) for 350kHz operation, and 93.7% (at 700kHz). In a lower input-
voltage application, the efficiency decreases by only 0.4% (45mW). In order to reduce power
dissipation, applications that require a high-load current at output levels exceeding 5V should use
switching frequencies in the range of 300kHz to 500kHz. This is true especially for input voltages of
24V and higher. For 12V input systems needing medium load currents and output voltages of 5V or
less, frequencies up to 1MHz are recommended. Fig. 2 shows the MPQ4470 evaluation board.

Formula (1) gives the relationship between Voyr and the resistor value of Rereq = R3 in Fig. 1:
108

fsw (kHz) = v
+tDELAY(nS):|>< v N

with tpeLay =20ns

96 xRereq(kQ)
Vin

ouT

(1)
Tables 1 through 3 show recommended component values for the feedback dividers R1 and R2, as
well as the slope components for R4 and C4.

TABLE 1. 300kHz, 24V,

Vour | L R1 R2 | R4 | C4 | Rereq
(V) | (pH) | (kQ) (kQ) (kQ)  (pF) (kQ)

3.3 10 30.9 10 953 | 390 110
5 10 53.6 10 845 | 560 169
12 22 68.1 4.7 820 | 300 | 412
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TABLE 2. 500kHz, 24V)y
Vour | L R1 R2 | R4 | C4 | Rrreg
(V) | (uH) (k@) (kQ) (kQ) (pF) (kQ)
33 | 10 | 316 | 10 | 620 | 390 | 634
5 10 | 536 | 10 | 845 | 390 | 100
12 | 22 | 681 | 464 | 820 | 390 | 249

TABLE 3. 700kHz, 24V

Vour | L R1 R2 | R4 | C4 | Rerea
(V) | (uH) @ (kQ) @ (kQ) (kQ) (pF) (kQ)
33 | 10 | 316 | 10 | 560 | 390 442

5 10 | 549 | 10 | 620 | 390 | 6938

Rrreq is the resistor that sets the switching frequency.

Fig. 3 compares 12V and 24V supplies at the same switching frequency. The difference is 1.8%
(350kHz) or 3.1% (700kHz). The curves show the load current when the converter changes from a
fixed-frequency continuous conduction mode (CCM) to light-load mode. The blue curve (24V input with
350kHz) is at approximately 600mA. In light-load mode, the efficiency is increased, but the output-ripple
voltage increases as well. For a given switching frequency and input voltage, this point can be changed
by changing the value of the inductor. A larger value of L extends the low ripple fixed-frequency CCM to
lower load currents.
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FIGURE 3. MPQ4470 Efficiency Comparison for 12V & 24V Supply
(f_sw = 350kHz and f_sw = 700kHz)
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SWITCHING LOSSSES INCREASE LINERALY WITH FREQUENCY AND WITH THE
SQUARE OF THE SUPPLY VOLTAGE

Compared to traditional controllers, the COT method provides significantly improved load change
behavior. In the COT approach, a comparator reacts directly to the falling output voltage with a switch-
on pulse, compared to the slower response of a conventional PWM style loop containing an error
amplifier and integrator. For a buck regulator with a fixed-switching frequency (f_sw), generally the cut-
off frequency of the control loop is in the range of 1/5 to 1/10 of the switching frequency. When f_sw =
500kHz, the control-time constant is 10us to 20us. Depending on the design of the controller, for a
large load-step, 30us to 100us is required to switch back to a steady-state output voltage.

COT CIRCUIT ACHIEVES THE SAME DEVIATION WITH LESS OUTPUT CAPACITANCE

Fig. 4 shows a sharp load-step from 0.5A to 2.6A load with a rise time of 2A/us. Although there are no
more than 2x22uF ceramic capacitors at the output, the output voltage decreases only 80mV. Compare
this to a GSM system that requires a rise time of only 0.15A/us for the current.

TekeStop_ | ———

A B0.0mv
@: 2.00mV

3 2R ........ .......... )

@& 50.0mve | ' Hla.00ps| A Ch3 & 1.3 A
Ch3| 500mAQ 14 Feb 2013
11.20% 17:17:14

FIGURE 4. Load-Step from 0.5A to 2.6A with 2A/us — 80mV Drop with Only 2x22uF Output
Capacitance. f_sw = 500kHz, CH1 = Vout (50mV/div AC) CH3 = |_Load (500mA/div)
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mes

Fig. 5 shows a simulated GSM load-step with 0.25A/us from 0.5A to 2.5A in a 12V to 3.3V application
with 2x22uF output capacitors. The output under- and overshoot is no more than 2%.
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FIGURE 5. Simulated GSM Load-Step with 0.25A/us from 0.5A to 2.5A in a 12V to 3.3V
Application 2x22pF at Output
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COMPACT MONOLITHIC SOLUTION HAS EMC ADVANTAGES

As a monolithic IC in a compact, low-inductance flip-chip package, the MPQ4470 offers significant EMC
advantages, compared to solutions using a controller IC and discrete FETs. This holds true in
comparison to monolithic buck ICs from competitors that consist of several die connected internally with
bond wires. Therefore, the interference critical antenna loop (formed by the input capacitors and the
two power FETs) can be kept very small. Place two sets of input bypass capacitors symmetrically on
each side of the MPQ4470 package (see Fig. 6). This way the effective parasitic inductance between
the two internal MOSFETSs and the bypass capacitance is cut in half, reducing ringing. IC-Power-GND
pins and bypass capacitors GND connections are routed together on a local GND area (which is not
connected to the top side GND area of the PCB). This noisy, local power GND area is connected to the
system GND through vias.

FIGURE 6. MPQ4470s Very Small Input Loops with High di/dt
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BST-PIN RESISTOR REDUCES OVERSHOOT AND RADIATION

To reduce rise time and overshoot at the switch node, place a small resistor between the bootstrap pin
(BST) and C3 (see Fig. 1). This resistor reduces the gate-source capacitance charging-current of the
upper power FET. The recommended default is 5Q. Depending on the value and application, a
reduction of about 3-6dB in radiated emission is possible; however, this increases switching losses. In a
3.3V and 3A output-load application (at 500kHz switching frequency), a change from 5Q to 22Q results
in 1% (~100mW) higher losses for a 24V supply. With an input voltage of 12V, these losses increase
only 0.4% (~40mW).

In the PCB design, a local GND has to be placed in the layer directly under the MPQ4470 circuit,
keeping the distance minimal. A dielectricum of 50um thickness between the component side and the
first GND is ideal, less than 250um is recommended. Impedance of the GND plane increases with the
trace height above the plane. Fig. 7 shows an example of a 4-layer PCB configuration. The DC/DC
converter circuit is placed on the top side layer (L1). In layer L2, there is a local GND area with at least
the same size as the DC/DC converter circuit. This provides a local, low impedance return path for all
high-frequency switching signals. Layer L3 is a solid GND layer across the full size of the PCB. No
routings should be made in the GND layer, and extra care should be taken to avoid larger cut-outs due
to multiple signal vias in close proximity. The copper-free areas around the vias easily create large
holes and slits in the GND plane, increasing its effective impedance. The use of a local DC/DC
converter GND in layer L2 and a solid GND plane in layer L3 helps keep high-frequency currents away
from the system GND. Depending on the system, layer 2 can be used for low-speed signal routing or as
a return GND for higher speed signals in the top layer (L1). Sensitive signals should NOT be routed
close to the DC/DC converter circuit on the same layer! Never route any signal directly under a DC/DC
converter in layer L2. On the opposite side of the DC/DC converter in the bottom layer (L4), an
additional, local GND area should be used in order to reduce the thermal resistance of the circuit.
Copper areas on the top layer (L1) and bottom layer (L4) reduce significantly the thermal resistance of
the PCB.

SpacelL1+L2and L3 + L4
As Close Together As Possible

50pm is Perfect DC/DC with Local GND in L2
<250pm Target e —

Placement and Routing
Power and DC/DC-GND
GND

Routing

Local GND Area for
Cooling

FIGURE 7. Recommended Layer Configuration for a 4-Layer PCB
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The DC/DC converter has alternating magnetic fields around the input loop and the storage inductor
(see Fig. 8). Depending on the type of inductor, the actual layout, and the distance to connectors and
cables, these magnetic fields can be a major source of radiation. A shielded ferrite inductor offers very
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low stray fields, however, no signal lines should be routed near the air-gap. Molded iron-powder coils
offer very high saturation currents for a given volume (due to the “distributed air-gap”), but they show a
significant stray field around the component. Un-shielded coils should NOT be used in noise sensitive
systems. Semi-shielded inductors often provide a good compromise between saturation current, stray
fields, and cost.

High di/dt
Loop

Buck Converter

N

Magnetic Field of Input
Loop

-

Magnetic Field of
Storage Inductor

O O0O

GND GND

To Avoid Noise Pick-Up — Minimize Loops and
Place Solid GND Area around DC/DC in L1 and in L2.

.t Close Distance Field
("’_‘\\[ mf’ b Falls with 1/rA2
I

&LE

FIGURE 8. Magnetic Fields at DC/DC Buck Regulator

For lowest interference, a guard band with GND should be placed around the DC/DC converter on the
component side. All signals should be routed on the opposite side of a GND layer to avoid magnetic
coupling into the lines and cables (see Fig. 9). The alternating magnetic fields of the DC/DC induce
eddy currents in the copper of the GND area. These eddy currents create magnetic fields with opposite
orientation, resulting in a significant reduction of the fields below the GND area.

FIGURE 9. Large GND on Top around DC/DC Block
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GENERAL INPUT PROTECTION AND EMC FILTER STRUCTURE

In automotive and industrial systems, several additional input filter and protection components are
required. Transient voltage suppressor (TVS) diodes clamp high-voltage spikes on the cables; they act
like fast, large Zener diodes. In automotive systems, TVS diodes with a 28V nominal-off voltage are
used to prevent conduction during jump-start. Depending on the type and source impedance of the
transient, the TVS diodes clamp between 33V and 45V. Place a high-voltage ceramic capacitor (around
10nF) close to the input-power supply. This reduces high-frequency radiation on the cable and helps to
block ESD. Most systems require a reverse-polarity diode. For high-current applications, a reverse-
polarity diode can be replaced by a PFET (see Appendix B). To block the high-frequency noise caused
by the system entering the cable, use a capacitor with several nF and a ferrite bead. The nominal
current rating of a multi-layer ferrite bead is based on the thermal capabilities of the device, not on the
saturation of the magnetic material. A small, typical 3A 100Q@ 100MHz 0805 ferrite offers less than
10Q at 1.5A current. Fig.10 shows the input protection and EMC filter structure. The yellow sections are
high-frequency filters, and the blue section is a low-frequency filter.

*Special Safe Capacitor Ferrite Bead| 1uH to 15uH 36V to 40V
Input
) B B e
* ALEI Diar
10nF TVS . - s Filer Citout anc
:: I H ——— —— *T™ Reduce Violtage Peak, due
- 10nF* 1|-|F 101ﬂup to Surge and Burst
mput g | " 10 to 470pF

Bi-Directional TVS [ yF Fiter [l LF Filter
FIGURE 10. Input Protection and EMC Filter Structure

For multi-layer ceramic capacitors (MLCC) connected directly to a low-impedance source, safe
capacitors like “OpenMode” or “FlexiTerm” offer a reliable solution. Standard MLCC may fail with a
short circuit and cause excessive current and heat.

The fundamental switching frequency and the first harmonics need to be filtered with a LC Filter
consisting of an inductor with several yH and one or more MLCC with a capacity of several yF. For a
switching frequency of 500kHz, a 10uH and 10uF low-pass filter offers (in theory) close to 60dB
damping. In reality, the effective capacitance of a type 3 MLCC will depend on its size and the applied
DC voltage. Typical parts have roughly 50% remaining capacity at 50% of the rated voltage. The low-
frequency input filter can alternatively be designed as a two-stage filter with much lower individual
inductor values. This means two low-profile coils can replace one larger inductor and allow placement
on a height-restricted bottom side.

The low-frequency input filter and the input cable form a high Q tank circuit that rings. To avoid over
voltage at the DC/DC input, use a damping capacitor. A low-cost aluminum electrolytic capacitor with a
few Ohm ESR is ideal. The capacity of the damping element should be 5 times greater than the input
ceramic capacitor. If Al-Elcos are undesired, a series RC damper can be used instead. The low-
frequency input filter with the damping capacitor reduces the voltage step at the DC/DC input in case of
a low-impedance transient on the input cable.

In general, the EMC filter components must be placed away from the DC/DC converter to avoid
degradation due to magnetic coupling. Ideally, they are not placed on the same side of the PCB.
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RADIATED AND CONDUCTED EMC TEST RESULTS ACCORDING TO CISPR25/EN55025

Fig. 11 shows the complete schematic of the MPQ4470 EMC test board. In addition to Fig. 9, the circuit
on the EMC test PCB uses a low-frequency input filter (consisting of a 6.8uH coil and 2x1210 X7R
ceramic capacitors, placed on the bottom side of the PCB) and a high-frequency input filter (using a
multi-layer ferrite and 1nF, 100nF, and 47nF capacitors). The high-frequency capacitors were placed at
different PCB locations.

1
i
M
in

FIGURE 11. MPQ4470 Test Board Schematic

Fig. 12 shows the top layer of the test board. In the picture, the EV-Board is equipped with a molded
iron-powder coil. The switching frequency is set to 450kHz to balance power losses and component
size. Also, the switching frequency places the fundamental switching frequency in the upper half of the
300kHz to 530kHz band of CISPR25 without limits.

mE's Monolithic Power Syslems

MPQ4470 Derno Board
T-EVQ4470-L—04A
www.monolithicpower.com

FIGURE 12. Top Layer of EV-Board
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EMC tests were performed with a 13V input supply (lead acid car battery) and a 5V output (with 4.5A
load current). For the radiated EMC tests, the input source was connected through the 5uH LISN
network and a 1m input cable. The output-load resistor was connected with a 1m cable. For the
conducted EMC tests the input was connected to the LISN with a 20cm cable.

Fig.13 shows the conducted EMC results according to CISPR25 / EN55025 average.

R indBNV
[
[

Ok 300 400500 8001M 2M 3M 4M5M 6 8 1OM 20M 30M 40 5060 80 108M
Frequenz in Hz

FIGURE 13. Conducted EMC Results according to CISPR25/EN55025 Average

Fig. 14 shows the radiated EMC results according to CISPR25 / EN55025 average. However, this
measurement was taken with a shielded ferrite coil placed on the PCB, with the start of the winding
connected to the SW node. Depending on the coil material and construction, the placement of the coil

can lead to several dB differences.
401
351

30T

N
(=]

Grenzwertlinie gestrahlt EN 55025 Ayerage

Pegel in dBu\V/m

Frequenz in Hz
FIGURE 14: Radiated EMC Results according to CISPR25/EN55025 Average
with Shielded Ferrite Coil
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Fig. 15 shows the same test with a molded iron-powder coil instead of a shielded ferrite coil. At 180MHz
the worst-case result is ~ 18dB higher radiation.

The high-level between 150MHz and 180MHz is due to the molded iron-powder coil. The stray field of
this coil couples into the output, creating common mode radiation. This can be reduced by using a
shielded ferrite coil (as shown in the previous test) or by increasing the distance from the storage
inductor to the output. The area between the coil and the connector should be filled with a solid GND on
the component side.

401
35T
30T
251

20

Grenzwertlinie gestrahit EN SSUSSIM crage

Regd indBMm

o+

5+

-10 t t t t t t f i
30M 50 60 70 80 90 100M 200M
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FIGURE 15. Radiated EMC Results according to CISPR25/EN55025 Average
with Molded-Iron Coil

Using the right components and a good layout, the MPQ4470 can meet CISPR25 level 5 limits
conducted and radiated with margin.

LOW-INPUT VOLTAGE OPERATION AND DROP-OUT PERFORMANCE

Multi-rail automotive systems often use MPQ4470A as a first-step regulator to generate a 5V
intermediated supply (which is needed for peripheral components like CAN transceivers and as input to
lower voltage POL regulators that supply the processer core and I/O). Automotive OEM customers
specify the car board net voltage down to less than 5V during cold-crank. The 5V intermediated rail is
allowed to drop during this condition, but interruptions are not accepted, as these would result in a
power fail of the following POL regulators. The consequence is a processor re-set and a re-start of the
firmware. This is a difficult requirement for buck regulators with N-channel high-side FETs. MPQ4470A
has special, internal circuitry to handle this situation.

Fig. 16 shows the MPQ4470A in a 12V to 5V with 2.5A load configuration. During cold-crank pulse, the
input falls below the nominal-output voltage (Ch3, 5V/division, pink). The output follows the input with
very low offset (Ch2, 1V/division, light blue). The high-side NFET is turned on continuously, with short
switching cycles, to refresh the BST circuit (Ch1, 10V/division, dark blue).
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FIGURE 16. 12V to 4.5V Cold-Crank Input Pulse at 2.5A Load. Vout Shows Clean Drop-Out Mode

Fig. 17 shows the output voltage in drop-out operation for different load currents. The input is 4.50V. At
2.5A load current, it is only 230mV lower than the input. At 5A, the output is 3.9V (600mV lower than

the input).

Vout vs. lout
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FIGURE 17. Output Voltage in Drop-Out with 4.5V at the Input for Different Load Currents

The MPQ4470 maximum input under-voltage lockout level for a rising input is 4.3V. For a falling V, it's
maximum input under-voltage lockout level is 3.4V. These levels facilitate operation of the converter
(once started at a higher input voltage) with falling input voltages as low as 3.4V.
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LOW- INPUT VOLATGE OPERATION FOR 3.3V NOMINAL OUTPUT

If the MPQ4470 is used for a 3.3V output rail in an automotive system, it delivers a stable 3.3V output
as low as Vy=3.7V at a load of 3A. For lower input voltages, MPQ4470 enters the special low-drop

mode.

Tek Stop |
B e e e ' A: 24.0mV
T@ 3.22V
Bh T
: : : . : : : ' ' : { ch1 Mean
_______________________________________________________ 3.24 V
: : ; : : : : : ) ; + Vin
....................................................... Ch3Mean
P2 | : : : ; : : : : 1 347V
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: 2.96 A
! O TN S SR S-S S S
GGl 100mv  |Ch2 2.00V  M[20.0us] A] Ch2 S 1.60V
Ch3] 2.00V [Chd| 500mAC | 19 Dec 2014
i1/9.200 % 13:23:39

FIGURE 18. MPQ4470 Low-Input Operation with 3.3V 3A Output

Fig. 18 shows the input (Ch3, 2V/division, pink), the inductor current (Ch4, 0.5A/division, green), the
switch node (Ch2, 2V/division, light blue), and the output (Ch1, 100mV/division, 3.0V offset, dark blue)
waveforms for an input voltage of 3.5V and the resulting output of 3.24V with 3A load. The
measurement is taken with the special EMC test PCB and includes the input filter ferrite and coil. Note
the BST refresh switching every 84us. MPQ4470 provides a stable 3.3V output with an input voltage as

low as 3.5V at 3A.
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CONCLUSION

The MPQ4470 is a monolithic, synchronous, step-down switching regulator that allows the realization of
applications with high-power density, due to its outstanding efficiency and few external components.
The wide input-voltage range (4.5V to 36V) makes the MPQ4470 optimal for a variety of industrial and
automotive applications. Moreover, the controller's adaptive constant on-time architecture combines the
advantages of a classic COT controller’s excellent load-step response with a nearly constant switching
frequency, previously reserved for PWM controllers. The modern flip-chip QFN package with low-
inductance copper bump gives the IC advantages for stringent EMC automotive applications.

The MPQ4470s excellent drop-out performance offers a solution for automotive applications with input
voltage drops as low as 3.5V during cold-crank.

Notes:

1) H. W. Ott, Electromagnetic Compatibility Engineering, Indianapolis, IN: John Wiley and Sons Inc., 2009.
2) For additional details, please refer to MPQ4470 datasheet on the MPS website.
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APPENDIX A: POSITIVE TO NEGATIVE OUTPUT CONVERTER

MPQ4470 offers a compact solution for positive to negative converters. Fig. 19 shows a -12V output
converter for up to 2.5A load current. In this topology, the circuit is referenced to the negative rail
instead of GND in a standard buck configuration. The maximum input voltage (plus the absolute of

Vout), must stay below 36V.The IC input bypass capacitors are placed between the input and the
negative output.

8,19,21,22,23

R3
VINO VIN asTlZ
c1a L ci =L cic _L49§k59 MpQ4470As pAss cs -
10pF | 10pF | 0.ApF T o L
1 Y
GND HEN SWis 7017 22uH
5 18,24,25 R4 _C|4 IR con .
= FRE B3N -
SRy 6 Q 820k | 300pF 88AKQT™ 22uF | 220F
S#2kQ PGOOD
R6 s
LR FB
vee Z R2
o3 24.7kQ
E SS_AGND PGND
4 1 11-16
s L
33nF |

VOUT=-12V
O

FIGURE 19. Positive to Negative Converter for -12V Output

The circuit is calculated like a buck converter, with the effective input voltage of V\y plus |Vour| to [Vour].
In the buck converter, the load current is equal to the average inductor current. In this circuit, the

available load current is the average of the low-side FET current. Depending on the effective input to
output voltage ratio, this is significantly lower than the buck converter.

The duty-cycle (d.c.) is calculated by:

|Vou]
i =
(Vint|Voud’

Maximum load current = {1 —d.c.) «54
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Fig. 20 shows the efficiency curve for a 12V to -12V converter with MPQ4470. Above a 2A load current
the dissipated power increases rapidly.

MPQ4470 Efficiency vs. Load Current
VIN=12V, VOUT=-12V, L=22uH, fsw=480kHz 3.5

100
I ,
95
2.5
X 90 ) 3
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g 8
w S
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(V]
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75 0
1 10

0.1
Load Current (A)

FIGURE 20. Efficiency of MPQ4470 12V to -12V Converter
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APPENDIX B: REVERSE-POLARITY PROTECTION PFET CIRCUIT

Fig. 21 shows a circuit with reverse-polarity protection using a PFET (M1) in the high-side. The PFETs
body diode has the orientation of the normal, reverse-polarity protection diode. At positive input voltage,
the PFET (M1) is turned on via the voltage dividers R1 and R5. The 10V Zener-diode D1 protects the
gate of M1 against over-voltage. Values of R1 and R5 are determined by the input-voltage range and
quiescent current requirements. In case of a negative input voltage, M2 is turned on via R3 and R4,
which turns off M1. The gate of M2 is protected with the 10V Zener-diode D2.

D2
M1 L1
FDS4685 BZX34°1°LZ& A SYS-IN
R3 141 SuH
V1 R5 D1
" 100k ] 1M 4 BzX84c10L
C_) G | M2 1 e ] c2 R2
R4 2N7002 =T 2uF —10uF 6
100kQ R1
47kQ
FIGURE 21. Reverse-Polarity Protection with PFET
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APPENDIX C: INPUT-TRANSIENT PROTECTION CIRCUIT WITH NFET

Fig. 22 shows a circuit with an input-transient protection circuit with a NFET (M1) in front of the
MPQ4470A input. At start-up, M1 is turned on via R8, charging up the input capacitors of MPQ4470A.
When MPQ4470A starts switching, the capacitor C8 is charged to ~4.5V above V;, from the MPQ4470A
BST circuit via R10 and D2. This way M1 is turned on completely to 10mQ between the system source
and MPQ4470A input. In case input-transient voltage exceeds 36V, the gate of M1 is clamped by D1.
The voltage at MPQ4470A input is limited to 36V minus M1’s Vgs. M1 must handle the power
dissipation of the voltage difference between input transient and regulator input, times the system input-

supply current.

R9 D2 R10
< 10 PMEG6010AED 20
R8 2 F I_ cs
100K 100nF 5 49212223
TAL — +—VIN BsT "
M Teia L cie L rs 47Q c3
VIN BSC100NO6LS3 104F —.—0_1HF]—499KQ MPQ4470A To.1pF L1
=—=C7 p17 SIEN SWs 1547 22pH
10pF ; 18,24,25 R4 c4
DFLZ36 2lFREQ — 2 s’?wo—— C2A —=C2B
Lrs 5 820kQ | 300pF r 22uF 22pF
S412kQ PGOOD
-4 R6 3
= 1o0Qs FB
vCcC 3 R2
b SS_AGND PGND A7k
ce ﬂ_ 1 11-16
33nF [
FIGURE 22. Input-Transient Protection with NFET
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APPENDIX D:

EFFICIENCY CURVES

MPQ4470 Efficiency vs. Load Current
VIN=24V, VOUT=12V, L=10uH
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FIGURE 23. Efficiency vs. Load Current VIN=24V, VOUT=12V, L=10uH
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MPQ4470 Efficiency vs. Load Current
VIN=24V, VOUT=12V, L=22uH, fsw=480kHz
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FIGURE 24. Efficiency vs. Load Current VIN=24V, VOUT=12V, fsw=480

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.

AN0095 Rev. 1.0 www.MonolithicPower.com 22
1/21/2015 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2015 MPS. All Rights Reserved.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


