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The Future of Analog IC Technology -

MP5403B

Mini PMIC with Dual 4A/5A Peak Bucks,
One 2A Load Switch, and
Input Power Supervisory

i DESCRIPTION

The MP5403B is a monolithic power
management unit containing two high-efficiency,
step-down, switching converters and a load
switch. The two regulators supply peak currents
up to 5A and 4A separately, and the load switch
supplies up to 3A of load current with an
extremely low Rpson). With an input range of up
to 6V, the MP5403B is ideal for powering ASIC
and SOC for solid-state drives (SSD) and other
compact power systems.

The peak-current-mode control scheme with
pulse-skip mode operation provides the two
switchers with fast transient response, high light-
load efficiency, and a minimal number of
capacitors by using an interleaving PWM clock
between the two switchers. The 3A load switch
with a low 20mQ on resistance provides flexible
system configuration.

A full set of enable control pins and power good
open-drain  indicators  allow for easy
implementation of the start-up and shutdown
sequences.

Full protection features include over-current
protection (OCP) and thermal shutdown.

The MP5403B requires a minimal number of
readily available, standard, external components
and is available in a small UTQFN-20
(2.5mmx3mm) package.

FEATURES

Up to 6V Operating Input Range
e Low lg: 85pA for Two Switchers Total
e Two Buck Converters
Peak 5A with 55mQ/20mQ Rps(on)
Peak 4A with 65mQ/22mQ Rps(on)
1.5MHz Switching Frequency
180° Interleaving Operation
100% Duty Cycle
Load Switch Mode by Pulling FB Low
Latch-Off Short-Circuit Protection (SCP)
Internal Soft Start (SS) and Output
Discharge
o Optimized Light-Load Efficiency
e One Load Switch with 20mQ Rps(on)
o 3A with 20mQ Rops(ony
o Soft Start (SS) and Output Discharge
o Over-Current Protection (OCP)
e EN and Power Good (PG) for Power
Sequencing
e Input Power Good (PG) Indicator with
Adjustable Threshold and Delay
e Thermal Shutdown
e Available in a UTQFN-20 (2.5mmx3mm)
Package

APPLICATIONS

e Solid-State Drives (SSD)
e Portable Instruments
e Battery-Powered Devices

O O O O O O OO0

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS” and “The Future of Analog IC Technology” are registered
trademarks of Monolithic Power Systems, Inc.
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL APPLICATION
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP5403BGQBU

UTQFN-20 (2.5mmx3mm)

See Below

* For Tape & Reel, add suffix —Z (e.g. MP5403BGQBU-2)

AWF: Product code of
Y: Year code

WW: Week code

LLL: Lot number

TOP MARKING

AWF
TWW
LLL

MP5403BGQBU

PACKAGE REFERENCE
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

ABSOLUTE MAXIMUM RATINGS

Supply voltage (VINw2/3) «oeeeeeeeeeeeeeeeaeiaaeeaeeenn. 6.5V
NV SW /2 e -0.3Vv (-5V for <10ns)
to 6.5V (10V for <10ns)
All other pins ..., -0.3Vto 6.5V
Continuous power dissipation (Ta = +25°C)
........................................................... 3.5 @@
Junction temperature ...........ccceeevvvveieneeennn. 150°C
Lead temperature ..........cccccvvvvvvnvnnninnnnnnnns 260°C
Storage temperature................ -65°C to +150°C

Recommended Operating Conditions ©)
Supply voltage (ViNL) «.eevvvvvveeeiieiiinnen, 2.7V to 6V
Supply voltage (V|N2) (If Ving > UVLO) .................
........................................................... 2.0V to 6V
Supply voltage (Vinz) (if Vine > UVLO)
........................................................... 0.5V to 6V
Supply voltage (Vinz) (If Vine < UVLO)
........................................................... 2.7V to 6V
Output voltage (Vout1/2)..eeeveeeeeeennnn. 0.6V to Vinie
Output voltage (VouTs)...evveeeeeeeeeeeiiieiiieeieeeeenn, Vinz
Operating junction temp. (T,)... -40°C to +125°C

Thermal Resistance N 0;c
UTQFN-20 (2.5mmx3mm)

EV5403-QB-02A ¥ ... 35....... 7....°CIW
JESD51-7 O, 60.......13... °CIW
NOTES:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/8;a. Exceeding the maximum allowable power
dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) The device is not guaranteed to function outside of its operating
conditions.

4) Measured on EV5403-QB-02A, 4-layer PCB.

5) Measured on JESD51-7, 4-layer PCB.
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

ELECTRICAL CHARACTERISTICS
Vinwz = 3.6V, Vinz = 3.6V, Ty = -40°C to 125°C"), typical value tested at T; = 25°C unless otherwise

noted.
Parameters ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
For Buck Regulators (Vin1 provides control voltage if Vins is lower than 2.7V)
Input voltage range ViN1 For Vina 2.7 6
L_Jn_der-voltage lockout threshold Vini_uvio r | For Vina 2.3 2.5 2.65
rising
Under-voltage lockout threshold
hysteresis ViNi_uvio_H | For Ving 250 mvV
Input voltage range for rail 2 VN2 ViN1 > VINI_uvio_R 2 6
Vinz under-voltage lockout
threshold rising ViNz_uvior | FOr Vinz 1.8 1.85
Vinz under-voltage lockout
threshold hysteresis Vinz_uvio_H | For Vinz 300 mvV
Supply current (shutdown) Isp Venwziz = 0V, Ty = 25°C 1 A
. Venwz = 2V, Venz = 0V,
Supply current (quiescent) lQ1+q2 Vegys =1V 85 110 A
High-side switch on resistance
for peak 5A switcher Rpsona. 55 mQ
Low-side switch on resistance
for peak 5A switcher Rosont.L 20 mQ
High-side switch on resistance
for peak 4A switcher Rpsonz 65 mQ
Low-side switch on resistance
for peak 4A switcher Rosonz_L 22 mQ
Veniwz = 0V, Vinwz = 6V,
Switch leakage current ILk_swir2 Vswi2 = 0V and 6V, 0 1 MA
Ty=25°C
High-side current limit for peak
5A switcher ILiM1_H 6.2 8.5 A
High-side current limit for peak
4A switcher luwz_ 5 ! A
Low-side zero crossing current Izcparz For both channels 0.1 A
Oscillator frequency Fswir2 CCM 1.2 15 1.8 MHz
Phase shift PhS CCM 180 degree
Minimum on time © TmIN_ON 70 ns
Minimum off time © TMIN_OFF 100 ns
Maximum duty cycle © Dwmax 100 %
Ts=25°C 594 600 606 mV
Feedback voltage VEB1/2
Ty=-40°C to 125°C ™ 591 600 609 mV
Feedback currents IFB12 FB1/2 = 0.65V 10 50 nA
Internal soft-start time Tssi2 For both channels 0.35 ms
MP5403B Rev. 1.0 www.MonolithicPower.com 5
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mpsa MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

ELECTRICAL CHARACTERISTICS (continued)
Vinwz = 3.6V, Vinz = 3.6V, Ty = -40°C to 125°C"), typical value tested at T; = 25°C unless otherwise
noted.

Parameters Symbol Condition Min Typ Max | Units
Output discharge resistor Issres1/2 For both channels 13 Q
EN high logic ENa2_n 1.05 1.3 15 \%
EN low hysteresis ENu12_1_Hys 150 mV
EN1/2 input current I Ven =2V 1 A
P B2 Ven = OV 0 H
ENZ1 turn-on delay ENTp_1 For channel 1 100 us
EN2 turn-on delay ENTp_2 For channel 2, Viny > 100 us
VINL_uvio R
, FB with respect to the o
Power good upper trip threshold PGz n regulation +30 %
Power good lower trip threshold PGzt FB Wlth respect to the -10 %
regulation
Power good hysteresis PGhy 5 %
Power good delay for rising PDro_1/2 1 20 us
Power good delay for falling PDto_1/21L 60 us
Power good sink current .
capability Vee_to 12 | Sink ImA 0.4 Vv
Power good leakage current PGik_ 12 Vpceus = 1.8V 1 MA
Load Switch
Vint > ViNL_uvio R 0.6 6 V
Input voltage range VN3
Vin: < ViN1_uvio R 2.7 6 V
L.Jn.der voltage lockout threshold Vinz uvio R | FOr Vins 2.3 2.5 2.65 V
rising
E;sdt(ee:gsci)lstage lockout threshold Vins_uvio n | For Ving 200 mV
. From Vinz, Venwz = 0V,
Supply current (quiescent) los Vens = 3.6V 160 250 MA
On resistor Rbson 20 mQ
ENS3 high logic threshold ENs_n 1.05 1.3 15 Y
EN3 low hysteresis ENs_L_nys 150 mV
Ving >V, 70
EN3 turn on delay ENto_s3 ke TeR us
Vin: < ViNL_uvio R 70
EN3 input current I Vews = 2V 1 A
P BN Venz = OV 0 :
PG3 high logic threshold PGsy | VIN3-VOUT3 s smaller 150 | 200 mv
than the range
PG3 low logic threshold PGs L VINS - VOUT3 s larger than 250 mvV
the range
Power good delay for rising PDro_3 40 V&
Power good sink current .
capability VpG_Lo_ 3 Sink 1ImA 0.4 \Y
Power good leakage current PGk s Veceus = 1.8V 1 MA
MP5403B Rev. 1.0 www.MonolithicPower.com 6
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mpsa MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

ELECTRICAL CHARACTERISTICS (continued)
Vinwz = 3.6V, Vinz = 3.6V, Ty = -40°C to 125°C"), typical value tested at T; = 25°C unless otherwise
noted.

Parameters Symbol Condition Min Typ Max | Units
Current limit ILivz 6.2 A
Internal soft-start time Tss3 0.35 ms
Output resistor Issres 13 Q
Power Failure Circuitry
Vsus voltage Vsus 3.6 \%
Vsus leakage current Isus_Lk X\S/UST? :32/0(;/ N1 = Ving = 0 1 MA
Ta=25°C 0.594 0.6 0.606 Y,

PFL_ADJ reference PFL_ADJ

- - T;=-40°C to 125°C ™ 0.591 0.6 0.609 Y,
PFL hysteresis 3 %
PFL high-to-low delay TerL_HL 1 MS
CoeLay internal current source IpELAY 3.1 MA
Egg‘;&;ﬁg"d sink current Verto | Sink ImA 0.4 Vv
Power good leakage current PFLLk Vpceus = 1.8V 1 MA
Thermal shutdown © Tsp 160 °C
Thermal hysteresis © Thvs 30 °C

NOTES:

6) Guaranteed by engineering sample characterization, not tested in production.
7) Guaranteed by characterization test, not tested in production.
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.
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mpﬁa MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.

Efficiency Efficiency Efficienc
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mps MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.2V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.

Output Ripple Output Ripple Output Ripple (CH1)
IOUT1 =0A IOUT1 =3.5A s IOUT2=2'5A IOUT=5A
T AN Y B LN (I Y
VOUT'IIAC‘ . T Jony | TN - _J V, JAC |l ki S I PR VY fads VOUT/AC‘ " L : ] -
somviaie |7 T zomu, [T oo, A AR
} ., Bk M -1 M Bl r F
Vsyy1 ‘ Vswi . i |
it - 2V '-:"“"”""“““*"“:"“T”“L""““'”"" 2 I\d/il\';f
Vour2/AC L, | sl o lud b Ll VourdAC Luuwilinnndoidi b L sw il
50mV/div. 20mV/div. el phonrn e R R ZWd'V"Jw\/\/V\/V\NV\NV\N
Vswaz N \ Vswz ! I
5V/div. T ! ‘ 2V/div. : S —— 2A/div.
200ms/div. 2us/div. 1us/div.
Output Ripple (CH2) VIN Power-Up without VIN Power-Up with 3.5A
lour=4A Load (CH1) Load (CH1)
lour=0A lour1=3-5A
Vour’/AC L .| | L vmlm&
50mVi/div. - i Vourt v /
T, ouT1,
1V/div. " 1V/div. |
nonnhannanh
2Vidiv. 5v\//<|1? e svidiv
Vsw )
2mV/div. |
V,
VN W LN N N N NN T N, N N, N SW1 Vw1
T 2V/div. 2VIAI:IV'
IL I “ I
2A/div. 2A/div. i IRNEN A/
1ps/div. 2ms/div. 1ms/div
VIN Power-Down without VIN Power-Down with EN On without Load (CH1)
Load (CH1) 3.5A Load (CH1) lour1=0A
louT1=0A lour1=3.5A
VouTt: Vourt | | S { Vour,
1Vidiv. W\//‘I‘;‘: | 1Vidiv.
S5V/div.
ViN1
5V/div. 5\\;,'5'#‘}_
: Vaw1,
Vewr i i\ i i ‘ 2V/div. 7 V.
.
2Vidiv. {1 2vidia
Sy e 2A/div. = 2A/div., e
20ms/div 10ms/div 500us/div
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.2V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.

EN On with 3.5A Load (CH1)

IOUT1 =3.5A

louT1=0A

EN Down without Load (CH1)

EN Down with 3.5A

Load (CH1)
V|N=5V, VOUT1 =1 .2V, IOUT1 =3.5A

V, \ V,
Vour1 ] ouTt, _ outt | ‘ i \,
1V/div. 1\\///dlv. 1V/div. ‘ ‘ ‘ ‘ |
ENA1 .
Venr 5V/div. VEN1 '
5V/div. 5V/div.
Vswi Vawi, Vsw1 4 -
2V/div. 2Vidiv. 2vidiv.
Iq I1
SA/div. il 5A/div.
500ps/div 1ms/div 50ps/div.
VIN Power-On with 2.5A VIN Power-Down with Enable On with 2.5A
Load (CH2) 2.5A Load (CH2) Load (CH2)
VIN=5V, VouyT2=1-2V, loy12=2.5A VIN=5V, VouT2=1.2V, lgyT2=2.5A VIN=5V, VouT2=1-2V, loyT2=2.5A
I
V,
VouT1 OuT2 | Vourz |
1Vidiv. Vidiv. - ‘ | V/div. ‘ ‘ ‘ ‘
\Y Vinz Y
5V/<|1’ilv1. 5V/div. SVEi'i\lvz.
Vawz, Vsw2
2\\/,?(‘,’}(2 ! 2vidiv. 2Vidiv. |
I l IL2 Io ‘
2A/div. 2A/div. 4 2A/div. &
1ms/div. 1ms/div. 500us/div
Enable Down with 2.5A CH1 Transient CH1 Transient
Load (CHZ) VIN=5V, VoyT1=1.2V, 1A Transient to VIN=5V., VouT1=1.2V, 1A Transient to
VIN=5V, VouT2=1.2V, lout2=2.5A 3.5A, 2.5A/us Speed 5A, 2.5A/us Speed
VouT1/AC VourAC| | | *ii i+ii+ii + ii%i“ o
Y\%Tz'* ‘ ‘ | ‘ \— 100mV/div. | Vi- 200mV/div. lu I A ——
Iv.
Venz
5Vidiv.
5V/div. 2V/div.
e } \ [ |
Iv.
I loyT ' lout
2A/d=§/2. 2A/div. 4 2A/div. . J L

50us/div

100ps/div

100ps/div
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mps MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.2V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.

CH2 Transient CH2 Transient CH1 Short Enter
VIN=5V, VouTt2=1.2V, 1A Transient to VINS5V, VouTe=1.2V, 1A Transient to VIN=5V, Vour1=1.2V, loyT1=0A
2.5A, 2.5A/us Speed 4A, 2.5A/us Speed
Vourt/AC | Mol
v AC 200mV/div.
OUT1 V, ,
100mV/div._PA_ ) \(/)/lé-lr\J | J
‘ Vini
Y
Vawi: SW
5V/cm : 1 2V/div. .
J \ [ | 2v?c}|';’v1.a*q r
| 1
! lo - ' o NN
1R, 2A. 2A/div.
100us/div 100us/div 200ps/div
CH2 Short Enter VIN Start-Up (Load Switch) VIN Start-Up (Load Switch)
VIN=5V, Voura=12V, lour2=0A VIN=5V., VouT=5V, louT=0A VIN=5V, VouTt=5V, loyT=3A
{ v v
Vourz: OuT}; Vour:
V/div. | J 5V/div. 5V/div.
ViN Vin
Vinz 5V/div. ‘ IN.L
5V/(|1’i\lv. SV/div.
V. V 4
PG X i
e ] ¥ 5V/div. * 5V\//dF;3%ﬂ
o
||_2 Ol:jT' |
2A/QV. b Lt \ 2Adwv. 2&?{5@
200ps/div 20ms/div 20ms/div
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MP5403B Rev. 1.0 www.MonolithicPower.com 13
12/5/2017 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2017 MPS. All Rights Reserved.



mpsa MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour1 = 1.2V, Vourz = 1.2V, L1 = 0.47uH, L2 = 0.47uH, Ta = +25°C, unless otherwise noted.

VIN Shutdown (Load Switch)  VIN Shutdown (Load Switch) EN Startup (Load Switch)

ViN=5V, VouT=5V, lout=0A VIN=5V, VouT=5V, lout=3A ViN=5V, VouT=5V, louT=0A
Vout Vout Vout
SV/div. SVidiv. 5V/div. l
VIN VIN Vi |
5V/div. : : 5V/div. e 5V dlf\';l
“'\ I
! Y Vpg
Vpg i PG =2 ]
SVIdiy | 5Vidiv. | 5VIdiv.
| loyt
2AI%|JJ e ZA%LIJ\;F . 2A/dIV. e et rm—————————
20ms/div 20ms/div 500us/div

EN Startup (Load Switch)
V|N=5V, VOUT=5V, IOUT=3A

Vout
5V/div. |

VEN
SV/div.

VeG4
SVidiv.

loyt
2A/div. s rr——————

20ms/div
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PIN FUNCTIONS

Pin # Name Description
Programmable PFL low-to-high delay time. When CoeLay is floated, the delay time is
1 CoeLay L
minimized.
5 PEL ADJ Power failure threshold adjust. A resistor divider connected to the voltage rails is
— used to program the power failure threshold. The resistor divider must be monitored.
3 VINL Input supply voltage to the peak 5A switching regulators. Place a small decoupling
capacitor as close as possible to VIN1 and GND as possible.
4 AGND |Analog ground.
5 GND Ground.
6 VIN? Input supply voltage to the peak 4A switching regulators. Place a small decoupling
capacitor as close to VIN2 and GND as possible.
Feedback voltage sense for the peak 5A regulator. Connect the output voltage of
7 FB1 the peak 5A regulator through a resistor divider to FB1 to achieve voltage regulation.
Pull FB1 to ground to operate the peak 5A regulator in 100% duty cycle on mode.
Feedback voltage sense for the peak 4A regulator. Connect the output voltage of
8 FB2 the peak 4A regulator through a resistor divider to FB2 to achieve output voltage
regulation. Pull FB2 to ground to operate the peak 4A regulator in 100% duty cycle on
mode.
9 ENL Enable on/off control for the peak 5A regulator. There is a 2MQ resistor from EN1
to GND internally. Float or ground ENL1 to turn off the peak 5A regulator.
10 EN2 Enable on/off control for the peak 4A regulator. There is a 2MQ resistor from EN2
to GND internally. Float or ground EN2 to turn off the peak 4A regulator.
11 EN3 Enable on/off control for the load switch. There is a 2MQ resistor from EN3 to GND
internally. Float or ground EN3 to turn off the load switch.
Switch output for the peak 4A regulator. A thick, wide power routing trace is
12 SW2
recommended for SW2 to conduct current.
Sustain voltage. Place a small decoupling capacitor as close to Vsus and GND as
13 Vsus :
possible.
Switch output for the peak 5A regulator. A thick and wide power routing trace is
14 Swi
recommended for SW1 to conduct current.
Power good for the peak 5A regulator. PG1 is an open-drain output. When the output
15 PG1 voltage is between -10% to +30% of the regulation windows, PG1 is pulled high
externally. When there is no supply, PG1 is pulled low internally.
Power good for peak 4A regulator. PG2 is an open-drain output. When the output
16 PG2 voltage is between -10% to +30% of the regulation windows, PG2 is pulled high
externally. When there is no supply, PG2 is pulled low internally.
17 PG3 Power good for the load switch. PG3 is an open-drain output. When the output
voltage is below 200mV compared with the input voltage, PG3 is pulled high externally.
18 VIN3 Input supply voltage for the load switch.
19 OuT3 Output voltage for the load switch.
20 PEL Power failure indicator. PFL is an open-drain output. When the PFL_ADJ voltage is
less than 0.6V, PFL is pulled low immediately.

MP5403B Rev. 1.0
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BLOCK DIAGRAM

PFL CDELAV PFL_ADJ Vsus
Delay
Control
Vsus
| 5]
PGI[J— :
Ref1
FB1 { ] VIN1
% v HS >
: > - {]8swi1
FB1 [] ’ = PWM Driver N
A
— | LS ‘DOJD Output
Mode Ctrl ‘ Discharge
Slope
ENT D—‘ Sope L@;

1.5MHz
Osc
I —1 1 VIN2

Slope
EN2 [ b—‘ Comp

Internal
Soft Start Ly HS ™

-
* - Sw2
T é 1 L'r\ i | Driver ]
LS MD
—  |Mode Ctrl Qutput
PG2[] Discharge
ﬂ\—<]: Ref2 L<

1

1)

FB2

Output —
Clamping

VIN3 [ OUT3

a

PG3

VIN1 Charge Output

EN3[] ] Pump Discharge b_[l
Soft Start ’74‘
Ctrl ’7 —=

Il

T GND,AGND

Figure 1: Functional Block Diagram
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MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

OPERATION

The MP5403B has two step-down regulators and
one load switch integrated into an ultra-small
UTQFN-20 package. The two buck regulators
are able to run up to a peak 5A and peak 4A load
current, respectively. With a peak-current-mode
control scheme and an interleaving PWM clock,
the MP5403B minimizes the input voltage ripple
and achieves a fast dynamic load response. A
3A load switch with only 20mQ of Rpson) can
achieve extremely small conduction loss and
provide tight regulation with a high load current.
The load switch can also clamp VOUT to 5.5V.
The MP5403B can be used in compact solid-
state drives (SSD), portable instruments, and
battery-powered devices.

Peak-Current-Mode Control

The two buck regulators of the MP5403B
operate at an 180° phase shift to reduce the
input current ripple and the required input
capacitor. In continuous conduction mode
(CCM), two internal clocks control the switching
behavior. The high-side MOSFET (HS-FET)
turns on at the corresponding clock’s rising edge.
Two clocks are at an 180° phase shift. With the
high-side switch current increases and reaches
the internal compensation voltage, the high-side
switch is turned off, and the low-side switch is
turned on to conduct current.

A
ckt | LT
| | CLk1.2 hasa180F phase shift

CLK2 [ !

swi | JLN AN

sw2 | L L L e e

-
t

Figure 2: Phase Shift

The switching frequency is 1.5MHz, typically,
running in CCM. With a lower input voltage, the
switching frequency falls and works with a large
duty cycle and a fixed off-time mode.

Light-Load Operation

In light-load mode, the MP5403B uses a
proprietary control scheme to save power and
improve efficiency. The MP5403B turns off the
low-side switch when the inductor current begins
reversing.  Then MP5403B  works in
discontinuous  conduction mode (DCM)
operation. With light-load mode control, the
switching loss can be reduced greatly due to the
lower switching frequency.

A zero-current cross detection (ZCD) circuit is
used to detect if the inductor current begins
reversing. Considering the internal circuit
propagation time, the typical delay is 50ns. This
means that the inductor current continues falling
after ZCD is triggered in this delay. If the inductor
current falling slew rate is fast (Vour is high or
close to VIN), the low-side MOSFET (LS-FET) is
turned off, and the inductor current may be
negative. This prevents the MP5403B from
entering DCM operation. If DCM operation is
required, the off time of the LS-FET in CCM
should be longer than 100ns. For example, if Vin
is 3.6V and Vouris 3.4V, then the off time in CCM
is 37ns. It is difficult to enter DCM at light load.
Using a smaller inductor can improve this and
make it easier to enter DCM.

Enable (EN)

When VIN1 is greater than the under-voltage
lockout (UVLO) threshold (typically 2.7V), the
regulators or the load switch can be enabled by
pulling its EN pins above the EN UVLO
threshold. Leave the EN pins floating or pull the
EN pins down to ground to disable the
corresponding channel. There is an internal 2MQ
resistor from the EN pins to ground. There is a
delay of about 100us for VIN1 and VIN2 enable
start-up. The VIN3 enable start-up delay is
shorter (around 70us).

Soft Start (SS) and Output Discharge

The MP5403B has a built-in soft start (SS) that
ramps up the output voltage at a controlled slew
rate to prevent overshooting at start-up for both
step-down regulators and the load switch. The
soft-start time is set to around 0.35ms. When the
regulators are disabled, the internal discharge
resistor discharges Vour. The discharge resistor
is biased by Vsus (see Table 1).

MP5403B Rev. 1.0

www.MonolithicPower.com 17

12/5/2017 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2017 MPS. All Rights Reserved.



mes

MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

Table 1: Output Discharge Conditions

Output Discharge VIN EN
No >UVLO | High
Yes >UVLO Low
Yes <UVLO | High
Yes <UVLO Low

Power Good (PG) Indicators

The MP5403B has three separate power good
(PG), open-drain, output indicators for the
regulators and load switch. For the two step-
down regulators, when FB is in the regulation
window (between 90% to 130% of the reference
voltage, 0.6V), PG1 and PG2 pins are pulled up
to the external bus voltage through certain
external resistors. The pull-up resistors are
recommend not to be too low to ensure that the
leakage current is small when the PG pins are
low and not too high if they are used to drive
downstream signals. Normally, pull-up resistors
between 10kQ to 400kQ are sufficient. The PG
rising delay is around 20us. If the FB voltage
drops below 90% or rises above 130% of the
reference voltage, the PG pins are pulled down
to ground by an internal MOSFET. The MOSFET
has a maximum Rpson) Of less than 400Q. There
is also a 60us delay for the PG falling threshold
trigger.

The power good pin for the load switch (PG3) is
pulled high when the input voltage of the load
switch (VIN3) is higher than its UVLO threshold,
the output voltage (VOUT3) is less than 200mV
compared with the input voltage of the load
switch, and there is around 40us of rising delay
for the PG3 indicator. If any of these three
conditions are not met, PG3 is pulled low.

The PG indicators are pulled low when VIN1 is
below UVLO. In this condition, the PG pins are
self-driven low (around 0.6V).

Power Failure Indicator (PFL)

The power failure indicator (PFL) senses the
external voltage rails. When the input voltage is
below the programmed threshold, the PFL open-
drain output is pulled low immediately to indicate
the monitored power failure. PFL_ADJ is used to
adjust the power failure threshold voltage. A
resistor divider is used to monitor the voltage rail.
When the PFL_ADJ voltage is lower than 0.6V,
PFL is pulled down to indicate the sense power
failure. When the PFL_ADJ voltage is higher

than the 0.6V reference voltage, PFL is pulled
high with the delay, which is set by Cpeiay.

Choose CpeLay using Equation (1):
Coerav(PF) *0.62
IDELAY(HA‘)

Where TpeLay is the PFL delay time, and Ipeiay is
the Cpelay internal current source (typically
3.1pA).

Current Limit

The MP5403B has a high-side 6.2A current limit
for the first regulator and a 5A current limit for the
second regulator. When the high-side switch
reaches the current-limit threshold, the
regulators shut down the high-side switch and
force the low-side switch on until the low-side
current drops to the low-side valley current
threshold (peak 5A and peak 4A for the two
regulators). After the low-side current reaches
the valley current threshold, the high-side switch
can turn on again. If the high load current
persists, the high-side turns on again, and the
current-limit mechanism repeats until the output
voltage drops to the short-circuit threshold. If the
high-load current does not persist, then the
regulator resumes normal conditions.

Toeiar(MS) = +3.5us (1)

For the load switch, the current limit begins
working when the load switch current reaches
the current-limit threshold. The gate is pulled low
to regulate the load switch current to the current
limit. The output voltage drops until thermal
shutdown occurs.

Short Circuit and Recovery

When CH1 or CH2 is in buck mode, the
MP5403B enters short-circuit protection (SCP)
mode when the inductor current reaches the
current limit for 300us continuously or the output
voltage drops below 50% of the regulation
voltage. In SCP mode, the MP5403B disables
the output power stage, discharges the soft-start
capacitor, and enters latch-off protection mode.
The MP5403B restarts by recycling the power.

MP5403B Rev. 1.0
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Load Switch Mode of Buck 1/2

By pulling FB1 or FB2 to ground, the step-down
regulator 1 or 2 can enter load-switch mode
without having to install an inductor. The
MP5403B pulses a smaller current to the FB pins
before the system starts up. If a low impedance
is connected to the FB pins, the MP5403B enters
load-switch mode, where the high-side switch is
turned on gradually to achieve a soft start, and
SCP is equipped.

MP5403B Rev. 1.0 www.MonolithicPower.com 19
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APPLICATION INFORMATION

Output Voltage Setting

The output voltage of the two switchers can be
adjusted with the external resistor dividers (see
Figure 3). The typical reference voltage of both
FB1 and FB2 is 600mV. The maximum allowed
voltage for the outputs is close to the input
voltage minus the voltage drop when the high-
side switch is 100% turned on.

Sw2

R3
FB2
R4

Figure 3: Feedback Resistor Dividers to Set the
Output Voltages

The divider current is recommended to be higher
than 500nA to avoid influence from the feedback
node leakage current (which is in the 10nA
level). Considering control loop optimization, the
pull-high resistor is recommended to be between
100 - 500kQ. Then, the pull-down resistor can be
calculated with Equation (2):

R1(orR3)
ouT

0.6V

Table 2 shows some typical output voltages and
their corresponding recommended resistor
divider values.

R2(orR4) = 2

Table 2: Output Voltage vs. Resistor Values

Vour R1 R2

1.2v 300kQ 300kQ
1.5V 300kQ 200kQ
1.8V 300kQ 150kQ
2.5V 300kQ 95.3kQ
3.3V 300kQ 66.5kQ

NOTE: Cour is 22uF for each channel.

Selecting the Inductor

The inductor has a great impact on several key
performances for the step-down switcher, such as
inductor current ripple, output voltage ripple,
efficiency, and load transient response.

Calculate the inductor current ripple with Equation (3):

— VOUT(VIN B VOUT)

Al (3)
VIN -L- fsw
Calculate the inductor peak current with Equation (4):
Al
Ika = ILoad + 7L 4)

Choosing the inductance is a trade-off between the
output ripple, efficiency, and transient response. The
larger the inductance is, the smaller the output ripple,
but the slower the response. Choose an inductance
that makes the ripple current 30 - 40% of the max load
current.

The inductor saturation current must be higher than
the inductor peak current.

The inductor also impacts the solution efficiency in
terms of conduction loss and frequency- and coil-
related loss. Generally, the DC resistance provides
DC conduction loss information. For AC conduction
loss and coil-related loss, refer to the vendor’'s
datasheet for more detailed information.

Input Capacitor Selection

The input capacitor reduces the surge current
drawn from the input and the switching noise
from the device. Select an input capacitor with
switching frequency impedance that is less than
the input source impedance to prevent high-
frequency switching current from passing to the
input source. Use low ESR ceramic capacitors
with X5R or X7R dielectrics with small
temperature coefficients. For most applications,
a 22uF capacitor is sufficient.

MP5403B Rev. 1.0
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Output Capacitor Selection

The output capacitor limits the output voltage
ripple and ensures a stable regulation loop.
Select an output capacitor with low impedance at
the switching frequency. Use ceramic capacitors
with X5R or X7R dielectrics. Using an electrolytic
capacitor may result in additional output voltage
ripple, thermal issues, and require additional
care in selecting the feedback resistor (R1) due
to the large ESR. For most applications, a 22uF
capacitor is sufficient.

PCB Layout Guidelines

Efficient PCB layout of the switching power
supplies is critical for stable operation. If the
layout is not done carefully, for the high switching
frequency converter especially, the regulator
could show poor line or load regulation and
stability issues. For best results, refer to Figure 4
and follow the guideline below.

1. Place the input capacitor as close to the IC
pins as possible for the high-speed step-
down regulator to provide clean control
voltage.

MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

GND
VIN2 I
4
IIEI |||||ll

VIN1

GND

C4|

EN1
ﬁ@l /||I|I||-
EN2
ENZ/, 3 Vouts

C7

[

% C6

GND .05 'EUH

Top Layer

VOou

GND

Vout1 Sense

Bottom Layer
Figure 4: Recommended Layout
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TYPICAL APPLICATION CIRCUIT

MP5403B — DUAL BUCK AND ONE LOAD SWITCH PMIC

U1
VSUSH]_AL
PFL o PFL
c6
Coelay :|E).1uF
10nF 1.8v
100kgP sw1 L1 T °\VOUT1
R6=
1+ PFL ADJ . 300k0 R1 £ -
100k R5# 150kQ R2 £ 224F
Vo2 Il -
o ¢ »{ ] VIN1
1 1 MP5403B ™M 1.2V
1A T ciB SW2 L2 o VVOUT2
22uF | 224F . co 300kQ R3 # _LC3
T Ly o VIN2 300kQ R4 = 22F
g8 =2
o} 9] EN1 VIN3 [ } T — o VIN3
EN2 c4
EN3 :I:qu
PG1 o PG1 VOUT3 [} _T__ o \/OUT3
PG2 o PG2 C5
Iqu
PG3 o PG3  GND, AGND —
Figure 6: Typical System Architecture by Using Two Units
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PACKAGE INFORMATION
UTQFN-20 (2.5mmX3mm)
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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.
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