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MPQ4232

6A Buck-Boost Converter with
Four Integrated MOSFETSs and
12C Interface, AEC-Q100 Qualified

DESCRIPTION

The MPQ4232 is a synchronous, four-switch
buck-boost converter with integrated
MOSFETs. The device can deliver up to 6A of
output current (lour) at certain input supply
ranges with excellent efficiency.

The MPQ4232 is suitable for USB power
delivery (PD) and wireless charging
applications. It can work well with external PD
or wireless charging controllers through the 12C
interface.

The I°C interface and one-time programmable
(OTP) memory provide flexibility  for
configurable parameters.

Fault condition protections include constant-
current (CC) limiting, output and input over-
voltage protection (OVP), and thermal
shutdown (TSD).

The MPQ4232 requires a minimal number of
readily available, standard external
components, and is available in a small QFN-19
(4mmx5mm) package with wettable flanks.

FEATURES

e 6A Buck-Boost Converter with Four
Integrated MOSFETs

e 4.3V to 22V Operating Input Voltage (Vin)
Range, with a 36V Withstand Vi

o 24V Input Over-Voltage (OV) Shutdown
Protection
1V to 22V Output Voltage (Vour) Range

e |?C-Configurable Reference Voltage (Vrer)
Range: 0.1V to 2.147V with 1mV Resolution

e Up to 98.82% Peak Efficiency

¢ Integrated 5V/60mA Low-Dropout (LDO)
Regulator to Supply External Microcontroller
Unit (MCU)

e Selectable Input or Output Constant-Current
(CC) Limit with 5% Accuracy via Factory
Trimming

FEATURES (continued)

e Accurate Output Current (lout) Monitor

e Selectable 280kHz, 420kHz, 600kHz, or
1MHz Switching Frequency (fsw) with
Frequency Spread Spectrum (FSS)

e Selectable Automatic Pulse-Frequency
Modulation (PFM) or Pulse-Width
Modulation (PWM) Mode and Forced PWM
Mode

e Configurable I1°C Slave Address Supported
by the ADDR Pin and I1°C Register

e Line Drop Compensation

e |2C, Alert, and One-Time Programmable
(OTP) Memory

e Enable (EN) Shutdown Passive Discharge

e Available in a QFN-19 (4mmx5mm)
Package with Wettable Flanks

e Available in AEC-Q100 Grade 1

APPLICATIONS

Generic Buck-Boost

USB Power Delivery (PD)

Wireless Charging

Automotive Camera Electronic Control Units
(ECUSs)

Automotive Lighting

e Automotive Advanced Driver-Assistance
Systems (ADAS)

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”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

TYPICAL APPLICATION

u on o ® Efficiency vs. Load Current
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mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating

MPQ4232GVE-0000-AECL
MP§4232GVE-XXXX-AEC1** QFN-19 (4mmx5mm) |  See Below 1

EVKT-MPQ4232 Evaluation kit

* For Tape & Reel, add suffix -Z (e.g. MPQ4232GVE-xxxx-AEC1-Z).
** “xxxx” is the configuration code identifier for the register setting stored in the one-time programmable (OTP)

“y "

memory, and it cannot be configured by the user again. Each “x” can be a hexadecimal value between 0 and F.
The default code is “0000.” Work with an MPS FAE to create this unique number.

TOP MARKING

MPSYWW
MP4232
LLLLLL

E

MPS: MPS prefix

Y: Year code

WW: Week code
MP4232: Part number
LLLLLL: Lot number
E: Wettable flank

EVALUATION KIT EVKT-MPQ4232
EVKT-MPQ4232 kit contents (items below can be ordered separately):

# Part Number Item Quantity
1 EVQ4232-VE-00A MPQ4232 evaluation board 1
-t0-12 ication i
> EVKT-USBI2C-02 bag Includes one US_B to-1°C communication interface, one USB 1
cable, and one ribbon cable

3 MPQ4232GVE-0000-AEC1 | The MPQ4232 cannot be configured by the user again. 1
4 Online resources Includes the datasheet, user guide, product brief, and GUI -

Order directly from MonolithicPower.com or our distributors.

Input Power
Supply
Ribbon Cable USB-to-I°C USB Cable
Evaluation Board Communication M
Interface
Figure 1. EVKT-MPQ4232 Evaluation Kit Set-Up
MPQ4232 Rev. 1.0 MonolithicPower.com 3
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PACKAGE REFERENCE

TOP VIEW
ADDR V5V FB AGND
{ 19, |18 17, 16 | ;
e
A S A A T
EN 1 J | 1 1 | | 1 | I ! 15| VvCC
VN 2 | S 14| BST1
o 13| swi
pGND (3
c 12| SW2
out {4 | S 11| BST2
ISEN+ |5 AR 10| scL
A T A

I ! I ! ! I I I I ! ! I

I } 16! I 18! 19! } I

I I ! ! I I ! I ! I

ISEN- IMON ALT SDA
QFN-19 (4mmx5mm) with Wettable Flanks
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mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description
1 EN Enable input. Apply logic high on the EN pin to enable the chip.
Power supply voltage. The MPQ4232 operates from a 4.3V to 22V input voltage (Vin),
with a withstand 36V Vin. The VIN pin is the drain of the first half-bridge's internal power
2 VIN : . X ) . . .
device. The input capacitor (Cin) is required to prevent large voltage spikes at the input.
Place C as close to the IC as possible.
Power ground. The PGND pin requires additional care during the PCB layout. Connect
3 PGND . : .
the PGND pin to ground using copper traces and vias.
Buck-boost output. The OUT pin is the drain of switch D (SWD). The output capacitor
4 OUT |[(Cout) prevents large voltage spikes at the output. Place Cour as close to the IC as
possible.
5 ISEN+ Positive node of the current-sense input. The ISEN+ pin can be used for the output or
input current limit.
6 ISEN- Negative node of the current-sense input. The ISEN- pin can be used for the output or
input current limit.
Output current monitor. The IMON pin outputs a voltage signal, which is proportional to
7 IMON
the output current (lout).
8 ALT I2C alert. The ALT pin is an open-drain output that is pulled low to indicate the unmasked
STATUS register bits.
9 SDA |I°C data line.
10 SCL |I’C clock signal input.
11 BST? Bootstrap. A 0.22uF capacitor is connected between the SW2 and BST2 pins to form a
floating supply across the high-side MOSFET (HS-FET) driver.
Buck-boost switch 2 node. Connect the SW2 pin to SW1 via a power inductor using a
12 SW2 .
wide PCB trace.
Buck-boost switch 1 node. Connect the SW1 pin to SW2 via a power inductor using a
13 SW1 .
wide PCB trace.
Bootstrap. A 0.22uF capacitor is connected between the SW1 and BST1 pins to form a
14 BST1 . :
floating supply across the HS-FET driver.
15 VCC Internal 3.54V low-dropout (LDO) regulator output. Decouple the VCC pin using a 1uF
capacitor.
Analog ground. Connect the AGND pin to PGND and the ground node of the VCC
16 AGND ;
capacitor (Cvcc).
17 FB Feedback. Connect the FB pin to an external resistor divider’s tap from the output to
AGND to set the output voltage (Vour).
5V LDO output. Bypass the V5V pin using a 1uF capacitor. V5V can supply a 60mA lour.
The 5V LDO turns on once Viv and the EN pin voltage (Ven) exceed their under-voltage
18 V5V lockout (UVLO) thresholds (Vin_uvio and Ven_risinGi, respectively); it turns off when the
VCC voltage (Vcc) is below its UVLO threshold (Vcc_uvio), meaning EN is pulled low, Vi is
below 2.4V (typically), or the device reaches the Vin over-voltage protection (OVP)
threshold. The status of the OPERATION bit (01h, bit[7]) has no effect on V5V.
Multi-function. The ADDR pin can set the I°C slave address and default state of the
19 ADDR |OPERATION bit. The status of ADDR is latched after Vin and Ven exceed Vin_uvio and
VEen_RrisinG1, respectively. ADDR resets only when Vcc is below Vcee uvio.

MPQ4232 Rev. 1.0 MonolithicPower.com 5
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ABSOLUTE MAXIMUM RATINGS ®
Supply voltage (ViN) «veeeeveennnee. -0.3V to +40V @

VOUT, VISEN#; VISEN-teetrernieenieenieenieeiesniesneesnessneesnns

........................ -0.3V to +24V (28V for <10ns)

sz1, szz ..........................................................
-0.3V (-5V for <10ns) to +24V (30V for <10ns)
VBSTl, VBSTZ ............................... sz1, szz + 4V
VBN ettt e -0.3V to +40V
AV N A -0.3V to +5.5V
Vscr, Vspa, VALT ceevveviiieeiiiieieeanen -0.3V to +6.5V
All other piNS...........evvviviiviiiiiiiiiinns -0.3V to +4V
Continuous power dissipation (Ta = 25°C) @
QFN-19 (4mmx5mm).......ccccceeevieeeiiiiiininnnnn. 5.3W
Junction temperature (T3) ..cooovvvvvviiiiennnnnn. 150°C
Lead temperature ............ccoevvvvieeneeeeneeennns 260°C
Storage temperature................ -65°C to +150°C
ESD Ratings @

Human body model (HBM) ®..................... +2kV
Charged-device model (CDM) ................. +750V

Recommended Operating Conditions ©

Operating input voltage (Vin) range....................
......................... 4.3V to 22V DC, 36V tolerant
Operating output voltage (Vour) range................

................................................... 1V to 22V
Output current (Iout)...ceeeevreeeiiee e, 6A
V5V low-dropout (LDO) output............ 5V/60mA

Operating junction temp (T;) ....-40°C to +150°C

Thermal Resistance 6:;n Oic

EVQ4232-VE-00A O ............. 23.6.....3.9..°C/W
QFN-19 (4mmx5mm) ®........ 41.2....3.9..°C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The input ramps up the slew rate below 20V/ms from 0V to
40V.

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

4) HBM, per JEDEC specification JESD22-A114; CDM, per
JEDEC specification JESD22-C101, AEC specification
AECQ100-011. JEDEC document JEP155 states that 500V
HBM allows safe manufacturing with a standard ESD control
process. JEDEC document JEP157 states that 250V CDM
allows safe manufacturing with a standard ESD control
process.

5) HBM with regards to ground.

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

7) Measured on the EVQ4232-VE-00A.

8) Measured on a JESD51-7, 4-layer PCB. The 6,4 value given
in this table is only valid for comparison with other packages
and cannot be used for design purposes. These values were
calculated in accordance with JESD51-7 and simulated on a
specified JEDEC board. They do not represent the
performance obtained in an actual application.

MPQ4232 Rev. 1.0
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mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise

noted.
Parameter Symbol |Condition Min Typ Max | Units
Shutdown supply current loso  |Ven =0V 10 MA
No switching, 12C-configured
OPERATION (01h, bit[7] enabled,
| e s oA
Quiescent supply current pulse-width modulation (PWM)
mode
2~ -
| ertued oPERATON o | [
Enable (EN) rising threshold1 | Ven_risinei | EN enables VCC and V5V 0.68 \%
EN hysteresis 1 VEN_HYS1 65 mV
EN rising threshold 2 Ven_risingz | EN enables switching 1.32 \%
EN hysteresis 2 VEN_HYS2 350 mV
EN pull-down resistance Ren EN =2V 1.25 MQ
Thermal shutdown ©) TsTD 165 °C
Thermal warning © Totw 135 °C
Thermal hysteresis ©) TsTD_HYs 20 °C
;Z\Glg’t‘g’;dmpom (LDO) Vsv 2% 5 | +2% | Vv
V5V load regulation Vsv_og  |lcc = OmA to 60mA 2 5 %
VCC LDO regulator Vce -25% | 3.54 | +2.5% \%
VCC load regulation Vee Lo |lecc = 20mA 2 5 %
E/S\C/I‘_Jg‘)jfi;i‘;‘gtﬁﬁis'ﬁg'l‘é’”t Vee_uvio_R 24 | 255 | 27 | Vv
x;;tgr\élgg threshold VCCJ\[(J;/LO_ 260 mv
Vin UVLO rising threshold VIN_uvLo . . . 3.58 3.73 3.88 \/
- Trim option (3.73 version)
Vin UVLO hysteresis 300 mV
Vin UVLO rising threshold Vin_uvio R | Default trim 4.04 4.24 4.44 \Y
Vin UVLO hysteresis 400 mV
Buck-Boost Converter
Switch A (SWA) on resistance | Rpson) A 10 mQ
Switch B (SWB) on resistance | Rops(oon) B 14 mQ
Switch C (SWC) on resistance | Rops(oon) ¢ 6 mQ
Switch D (SWD) on resistance | Ros(on) b 6 mQ
VFB1 -25% | 0.33 | +2.5% \/
Feedback voltage VrB2 -2% 0.5 +2% \%
VFB3 -1.5% 2 +1.5% \/

MPQ4232 Rev. 1.0
6/13/2024
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mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise

noted.
Parameter Symbol |Condition Min Typ Max | Units
Output over-voltage % of
protection (OVP) rising VEs ovp R 113 | 118 | 123 \‘/’
threshold e
. % of
Output OVP falling threshold | Vrs ove F 102 107 112 Ves
Input OVP rising threshold Vin_ove_r | Trim option 23 24 25 \%
Input OVP falling threshold Vin_ovp_F | Trim option 22 23 24 \%
¥JEN::22<YC Vswi = Vsw2 = 22V, 1 uA
Switch leakage SWike
Ven = 0V, Vswi = Vsw2 = 22V, 30 A
Ty = -40°C to +150°C H
Hiccup off-timer tHiccup 470 570 670 ms
faw1 -20% | 280 | +20% | kHz
o fswz 340 420 500 kHz
Switching frequency
fsws -20% | 600 | +20% | kHz
fowa -20% | 1000 | +20% | kHz
. . 2kHz triangle modulation, o
Frequency dithering span fsw_rANGE fsw = 420kHz, buck or boost 19 )
Output from 10% to 90%,
Soft-start time tss Vrer = 0.5V, constant slew rate for 1 ms
other Vrer values
Minimum on time ©) toN_MIN_BT 180 ns
Minimum off time © torF_MIN 180 ns

OC threshold = 1A, Rsens = 5mQ,
Ty =-40°C to +85°C

OC threshold = 3.6A, Rsens = 5mQ,
Ty =-40°C to +85°C

loc1 4.25 5 5.75 mV

ISEN+- threshold ©

loc2 -5% 18 +5% mV

IMON gain Givonza | Ts = 25°C, lout = 3A, Rsens = 5mQ -5% 248 +5% | mV/A
Lowside (L) SWE valley lumr2 | D3h, bits[7:6] = 01b 65 | 9 | 121 | A
LS SWC peak current limit lumirz | D3h, bits[7:6] = 01b 9 13.2 17.4 A
Line drop compensation Vporop | lout = 3A -20% | 300 | +20% | mV
Output discharge resistance Roiscie | To = 25°C 50 90 160 Q

Mode Transition Threshold
Buck-boost to buck transition

Vi Vin/V 120 %
threshold MODE_TH2 | VIN / VouTt ()}
Buck-boost to boost V

- . MOPE_ " Vin 1 Vout 82 %
transition hystereS|s HYS2
ALT pin leakage lat_ ke | VALT = 5V 1 A
ALT pin pull-down resistance Raut 50 Q
MPQ4232 Rev. 1.0 MonolithicPower.com 8
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ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise

noted.
Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
I2C Interface Specifications ©
ADDR setting threshold 1 Vapbpr: | Set I12C address 67h, EN disabled 0.2 Vee
ADDR setting threshold 2 Vapbpbrz2 | Set I12C address 47h, EN disabled 0.29 0.45 Vce
ADDR setting threshold 3 Vapbbrs | Set I12C address 27h, EN enabled 0.57 0.67 Vee
ADDR setting threshold 4 Abpbra | Set I2C address 07h, EN enabled 0.76 Vce
Input logic high ViH 1.25 \%
Input logic low Vi 0.9 \%
Output voltage logic low Vout_L 0.4 \%
SCL clock frequency fscL 400 1000 | kHz
SCL high time thiGH 60 ns
SCL low time tLow 160 ns
Data set-up time tsu_paT 10 ns
Data hold time tHD_DAT 0 60 ns
Set-up time for (repeated)
start command tsu_sta 160 ns
Hold time for (repeated) start
command tHD_sTA 160 ns
Bus free time between a start ¢ 160 ns
and stop command BUF
Set-up time for stop
command tsu_sto 160 ns
Rising time of SCL and SDA tr 10 300 ns
Falling time of SCL and SDA tr 10 300 ns
Pullse width of suppressed tep 0 50 ns
spike
I(_Zapacnance for each bus Cs 400 OF
ine
Power Good (PG) Indication
Power good (PG) lower rising : . % of
threshold Vpec r L | PG switches high 86.5 91 96.5 Vee
0,
PG lower falling threshold Vec £ L | PG switches low 75 | 805 | 86 (‘/’F‘E’f
0,
PG upper rising threshold Vee_rRH |PG switches low 113 118 123 6::
0,
PG upper falling threshold Vee_F H | PG switches high 102 107 112 (‘;F(;f
Note:

9) Guaranteed by characterization sample testing.

MPQ4232 Rev. 1.0 MonolithicPower.com 9
6/13/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

TYPICAL CHARACTERISTICS
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Efficiency vs. Load Current Efficiency vs. Load Current
Vour =5V, L =4.7uH, Ry = 8mQ, Vour = 9V, L = 4.7uH, Rpe = 8mQ,
fsw = 420kHz, CCM, Rggys = 5mQ faw = 420kHz, CCM, Rggys = 5mQ
100 100 \ \ T \
= 90 =
S 8 g 9
O 80 5 85
& 75 Z 80
S 70 VIN=9V O
T AN | ——VIN=9V
——VIN=12V
W 60 w70 ——VIN=12V
55 e \/IN=16V 65 VIN=16Y
50 60
0 1 2 3 4 5 0 1 2 3 4 5
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency vs. Load Current Efficiency vs. Load Current
Vour= 12V, L = 4.7uH, Rye = 8mQ, Vour = 15V, L = 4.7uH, Ry = 8mQ,
fsw = 420kHz, CCM, Rggys = 5mQ fsw = 420kHz, CCM, Rggys = 5mQ
100 ‘ ‘ | 100 | |
. 95 IR === < 9%
g N 20
5 90 8
Z
=z | Z 85
5 85 O ——VIN=9V
O ——VIN=9V O go =
i 80 ——VIN=12V - ——VIN=12V
VIN=16V VIN=16V
75 : : 70 ‘ ‘
0 1 2 3 4 5 0 1 2 3 4
LOAD CURRENT (A) LOAD CURRENT (A)

o Case Temperature Rise vs. Load
Efficiency vs. Load Current Current

Vour = 20V, L =4.7uH, Ry = 8mQ, _ _
fow = 420kHz, CCM, Rggps = 5mQ Vin =12V, Voyr = SVI12V/20V,

100 o fsw = 420kHz, based on 5cmx5cm board,
! ‘ < L = 4.7uH, Rpc = 8mQ
95 | e w50 ‘ ‘
< // o ——VOUT=5V
O / x VOUT=20V
E 85 | I<—( 30
O ——VIN=9V o
9 80 w 20 /
my ——VIN=12V 9 =
75 _ L T T
VIN=16V - 10 /'/,
0 v 2 3 © 0.5 1 1.5 2 2.5 3
LOAD CURRENT (A) LOAD CURRENT (A)
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TYPICAL CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Line Regulation Load Regulation
Vour =5V Rsens = 5mQ, no line compensation
0.1 0.2
S 0.08 < 015 -
5 o 5 o -
K 0.02 k005 — -
= 0 PR~ L~ | - 0 |
8 A SE—— = v‘ —d 8 /
002 | | 005 |——= AT —vouTs
" -0.04 ——|OUT=0.A g 01 ——\OoUT=9V |
z -0.06 ——I0UT=1.5A < 015 Jrd VOUT=15V |
—-0.08 IOUT=3A ST I VOUT=20V
0.1 -0.2 ‘
0 6 12 18 24 0 1 2 3
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Line Drop Compensation vs.
IMON Voltage vs. Load Current = Load Current
£ 800
1500 = \ \
1350 & 700
1200 = 600
< 1050 & —
> > Z 500 /| 100mV@3A
£ 900 - m| ——300mV@3A
z 750 Prat L 400 600mV@3A
== 600 // S 300
450 - Ny
Pl & 200 |
300 e <
150 ~ G 100 |-
L —TT|
0 1 2 3 4 5 S 0 1 2 3 4 5 6
LOAD CURRENT (A) LOAD CURRENT (A)
Bode Plot
Vour = 5V, lour = 3A, BW = 23kHz,
CC/CV Curve PM = 69deg
6 60 180
S 50 —_
< 5 = 40 120 §
< 4 =~ 20 - 60 =
o o 10 ~ O
o 3 z o | o &
> <10 =
o 2 - =20 -60 LW
o / Z 0
= / < -30 H I <
31 e 040 |- —Gain -120T
/ -50 |- ——Phase
0 -60 -180
0 2 4 6 1 10 100 1000
LOAD CURRENT (A) FREQUENCY (kHz)
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TYPICAL CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Bode Plot Bode Plot
VOUT =12V, IOUT = 3A, BW = 21kHz, VOUT =20V, IOUT = 3A, BW = 19kHz,
PM = 70deg PM = 56deg
50 180 50 180
40 S 40 =
—~ | (=) I
o 120 § ~ 30 \\ 120 B
= 20 = = E 20 =
z - 60 Z —— - 60 =
T o ~. o & T 0 . 0 C
= -10 \\ \ = é -10 \\\‘ =
Z _20 \ A | '60 L(I/JJ = _20 \3<\\/\\ | ‘60 (L}J)
< B . L I < by | ; i
0 -30 |- ——Gain 120 T &30 |- ——Gain 1 1205
40 | phase -40 |~ ——Phase \/ a
-50 -180 -50 -180
1 10 100 1000 1 10 100 1000
FREQUENCY (kHz) FREQUENCY (kHz)
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Output Voltage Ripple Output Voltage Ripple
Vout =5V, load = 0A Vout = 5V, load = 5A
Eﬂ . EG 100v 3 s00v/ 4 5004  2000us/ 003 Stop |- A0mv 0oV 3 BO0V/ 4 500A/  2000usf  00s Stop
CH2: Sw1 CH2: Sw1
ATy [T
CH3:sw2 7™ CH3: SW2 [ o™ o ™ st ot e e ]
CH4: I, e o i e i =iy CH4: I, b 2200

Output Voltage Ripple Output Voltage Ripple

Vout = 12V, load = 0A Vout = 12V, load = 5A

! A0mvF 00V 3 100v 4 20047 2.000us! 0.0s Stop ! 200 100w 3 100v 4 5004/ 2.000us/ 00s Stop
CH2: sw1 ™ CH2: sw1 |
CH3: SW2 (e U U U U U U U‘ CH3: SW2 ﬁ*m U U U U U

CH4: I,
CH4: I _g.00u ooy 0.0 00y 2.00us
Output Voltage Ripple Output Voltage Ripple
Vout = 20V, load = 0A Vout = 20V, load = 5A
tT 100t/ 00V 30 100v 40 2004 2.000us/ 0.0s Stap I! S00mv/ ooy 3 0y 4 10047 2.000us/ 00s Stop
CH2: Sw1 CH2: Sw1
i
CH3: Sw2 CH3: sw2 ™
T S R R P T S R R,
CH4: I, CH4: I n
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.

CH2: Sw1

CH3: sw2

CH4: I

CH2: sSw1

CH3: sw2

CH4: I

CH2: SW1

CH3: EN

CH4: I

I2C Operation Enabled
Load = OA

oy 30 500vi 4 2004 1.000ms/  508.0us

Stop

I- 5.00v/
2007

I2C Operation Disabled
Load = OA

I- 5.00v/ 100V, 3 500v/ 4 5008 10.00ms/ 0.0s Stop
26,00

18.0

e

s -

Start-Up through EN

Load = 0A

- &.00vF 100v 3 800V 4 5004 1.000ms/ 00s Stop

CH2: Sw1

CH3: Sw2

CH4: I

CH2: sw1

CH3: sw2

CHA4: 1.

CH2: sw1

CH3: EN

CHA4: 1.

I2C Operation Enabled
Load = 5A

ooV, 30 500v 4 500A/

! 5.00v/
[FE.0A

1.000ms/

00s Stop

I2C Operation Disabled
Load = 5A

I- 5.00v/ 100v/ 3 500w 4 5004 S0.00us/ 00z Stop
)
6.0

-
Start-Up through EN
Load = 5A
- 5.00/ 100w 3 800w 4 500A/  1.000ms! 00s Stop

MPQ4232 Rev. 1.0
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.

CH2: sw1i

CH3: EN

CH4: I

CH2: sSw1

CH3: sw2

CH4: I

CH2: sSw1i

CH3: sw2

CH4: I,

Shutdown through EN
Load = OA

00/ 3 500w 4 5004 2000ms/ 003 Stop

! 5.00W
30,0V

Input Start-Up
Load = OA

—
100V 3 100V 4 500A  600.0us/ 0.0s Trig'd?

! 2.00vF
50,0V

Input Shutdown
Load = 10mA, EN divider ratio = 1:5

2,00 00/ 3 500w 4 5004 2000ms/ 003 Trig'd?

—

37.98

CH2: Sw1

CH3: EN

CH4: 1.

CH2: sw1

CH3: sw2

CHA4: 1.

CH2: sw1

CH3: sw2

CHA4: 1.

Shutdown through EN
Load = 5A

nonovi 3 500V 4 BO0A/

I- 5.00v/
E

50 D0us/ 00s Stop

Input Start-Up
Load = 5A

noov, 3

I- 2.00v/
N

0w 4 5004/ A000us/ 00s Trigd?

Input Shutdown
Load = 5A, EN divider ratio = 1:5

noov, 3

I- 2.00v/
ESN

0w 4 5004/ A000us/ 00s Trigd?

MPQ4232 Rev. 1.0
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.

CH4: lout

CH4: lout

CH2: Sw1
CH3: sw2

CH4: I,

Load Transient Response
Vin = 12V, Vout =5V, lout = 0A to 2.5A,
150mA/us

200mv/ 3 4 1004 2000us/  5080us

Stop

7,008

108y 503y E

Load Transient Response
Vin = 12V, Vout = 20V, lout = 0A to 3A,
150mA/us

I- 00/ 3 4 1004 2000w/ 4760us

Stop

T.00v

-

=

Output Voltage Transition
Vout = 20V to 5V, lout = 0A

10.0v/ noov 30 200w 4 5004 10.00ms/ 0.0s

300V

Trigd?

CH4: lout

CH2: sw1
CH3: sw2
CHA4: 1.

CH2: sw1

CH3: sw2

CH4: I

Load Transient Response
ViNn = 12V, Vout =5V, lout = 2.5A to 5A,
150mA/us

[=

200mv/ 3

4 200A  2000us/  508.0us

Stop

14.00

i N

Output Voltage Transition
Vout = 5V to 20V, lout = 0A

10.0v/ noov 30 200 4 600A  5000ms! 00s

Trigd?

=

Output Voltage Transition
Vout = 5V to 20V, lout = 3A

=

0.0V move 3 00v 4 5004 6000ms/ 00s

Trigd?

1057

e

MPQ4232 Rev. 1.0
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Output Voltage Transition Input Voltage Transient Response
Vout = 20V to 5V, lout = 3A Vin =12V to 22V, Vout =5V, load = 0A
10.0vF 00V 3 200V 4 500 10.00ms/! 00s Trig'd? E 200 200 3 100V 4 A00A)  S0.00ms/  95.00ms Trigd?
CH2: SwW1 CH2: Sw1
po
CH3: sSw2
CH3: Viy ™
CH4: I, CH4: I,
Input Voltage Transient Response CC Entry
Vin = 12V to 22V, Vour = 5V, load = 5A CV load = 4.5V, CC limit = 3A
F 200/ 200V 3 100V 4 5004 S000ms/ 95.00ms  Trigd? ! 2.00v/ 100V 3 500V 4 S00AS  1000ms/ A7BOvs  Trgh?
CH2: Sw1
1 CH2: SW1
CH3: v,y | CH3: sw2
CH4: I, o= CH4: I,
Short-Circuit Protection Entry Short-Circuit Protection Recovery
I! &.00vF 100v 3 100v 4 10,047 S00.0usd 00s Trig'd? I! £.00v¢ n0v 3 n0v 4 10047 2000ms/  1BB.0us Stop
CH2: Sw1 = CH2: sw1l e
CH3: sw2 e J CH3: sw2 [
CH4: 1. CH4: I, I%;’a”'”
MPQ4232 Rev. 1.0 MonolithicPower.com 17
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FUNCTIONAL BLOCK DIAGRAM

V5V
1
2
VIN + o 5\|/ _IT' I SW1 Sw2
Vo Regulator Register * *
and OVP Slew Rate
VCC PLL, Oscillator,
VOUT i
EN Regulator Bias and Voltage | o DAC and USM
Reference
1.65MQ * BST2 VCC
VvCC Veer VIN
VOUT
' VIN Bootstrap q ‘ |-] BST1
i1 Regulator L L
H Discharge v
REF
SS * ton/torr | | HS _|
2 || Dri
I: L L + and Dither river
FB | = - 3 Ve
Over-Voltage Error Amplifier ouT _|_ ] SW1
Comparator
Line Drop PWM VIN || L{S _|
ovP Compensation Comparator Driver
REFO )
Isens2 ——W—] — + Buck- D
Boost
—————i— [ r|:
OCP Isens - CLOHFFOI Vee b L ] PGND
ogic Py
ISEN+ Current-Sense _ LS
ISEN- Amptier Isens: —  CcC Limit €<, Driver _|
+
Isensz 1 swz2
1’Cc Thermal
e DAC |« Register Shutdown || DHS _|
river
] Amplifier q
MON [ and Buffer BST1 — Bootlstra
b f [] BST2
vcec —1 Regulator J
PG_REFO +
ADDR Ll VOUT
SCL 2 . - Vour Absolute
I"C Register »| 1°C Register OV Comparator
SDA and OTP FB ” Status 3
+ b4
ALT tl>->
1 rer ABS_OVP
AGND PG_REF1 -
Figure 2: Functional Block Diagram
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OPERATION

The MPQ4232 is a buck-boost converter with
four integrated MOSFETs. The device works
with a fixed frequency for buck, boost, and
buck-boost modes. A special buck-boost control
strategy provides high efficiency across the full
input voltage (Vi) range and smooths
transients between different modes. Figure 2 on
page 18 shows the functional block diagram,
and the sections below describe the
MPQ4232’s functions.

Buck-Boost Operation

The MPQ4232 can regulate the output voltage
(Vour) to be above, equal to, or below V.
Figure 3 shows a buck-boost power structure
with one inductor and four switches (SWA,
SWB, SWC, and SWD).

Vi ——— ——  Vour

S
swig— YL swe
=

EI I_SWC

SWA

SWB

_|

T
Figure 3: Buck-Boost Topology

The MPQ4232 can operate in buck mode,
boost mode, or buck-boost mode with different
VN inputs (see Figure 4).

Boost Buck-Boost Buck
SWA on, SWB off, All MOSFETs | SWD on, SWC off,
SWC and SWD switch SWA and SWB
switch switch
Vout set
» Vi

Boost Boost Buck Buck
Duax Threshold Threshold Dumin

Figure 4: Buck-Boost Operating Range

Buck Mode (Vin > Vour)

If Vin exceeds Vour significantly, the MPQ4232
works in buck mode. In this mode, switch A
(SWA) and switch B (SWB) switch for buck

In each cycle of buck mode, SWA turns on first
when the FB voltage (Ves) drops below the
reference voltage (Vrer). After SWA turns off,
SWB turns on to conduct I until it triggers the
COMP control signal. By repeating this
operation, the converter regulates Vour.

Boost Mode (Vin < Vour)

If Vin drops below Vour significantly, the
MPQ4232 works in boost mode. In this mode,
SWC and SWD switch for boost regulation,
SWB is off, and SWA remains on to conduct I..

In each cycle of boost mode, SWC turns on to
conduct I.. If I. rises and triggers the control
signal, then SWC turns off and SWD turns on
for the freewheeling current. Then SWC turns
on and off repeatedly to regulate Vour in boost
mode.

Buck-Boost Mode (Vin = Vour)

If Vin is close to Vour, the converter cannot
provide sufficient energy to the load in buck
mode due to SWA’s minimum off time. In boost
mode, the converter supplies too much power
to the load due to SWC’s minimum on time.
Under these conditions, the MPQ4232 adopts
buck-boost control to regulate the output (see
Figure 5).

s |

I
%}tBUCK_ONié !
| |

sz L[] i

tad ! | |
BQOST_ON 1 | |
| | |

e~~~

tauck-BoosT tsuck-soosT
Figure 5: Buck-Boost Waveform

If Vin is close to Vour, the MPQ4232 enters
buck-boost mode, and a boost switching period
is inserted into each buck switching period. The
MOSFETSs switch in the following sequence:

1. SWA and SWC

regulation, switch C (SWC) is off, and switch D 2. SWA and SWD
(SWD) remains on to conduct the inductor 3. SWB and SWD
current (I.).
() 4. SWA and SWD
MPQ4232 Rev. 1.0 MonolithicPower.com 19
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Throughout this process, I. can meet the COMP
voltage (Vcome) requirement and supply
sufficient current to the output.

VCC Power Supply

The MPQ4232’s internal circuit is powered by
VCC, including the gate drivers. When VIN
power is supplied and EN is high (Vin > 4.24V
and Ven > 0.68V), the MPQ4232 attempts to
regulate the VCC voltage (Vcc) at 3.54V. VCC
is only supplied by V. VCC and BST1/BST2
have separate under-voltage lockout (UVLO)
thresholds that keep the gate signal off.

Enable (EN) Control

The MPQ4232 provides a high-voltage EN pin
that can be connected to VIN via a resistor. The
Vin on and off thresholds can be set by
configuring the EN resistor divider (see Figure
6).

Figure 6: EN Connection

The EN pin has two thresholds. If the EN
voltage (Ven) exceeds 0.68V, then VCC and
V5V start working. If Ven exceeds 1.32V, then
switching is enabled (see Figure 7).

12v

Switching is enabled Switching is disabled

ov
VIN
1.32v 0.97V
068V, | 0.61v The intemal logic and
) | gic an
EN oV }N\ Zlntemal logic and | N\ — 1°C communication
| 1°C communication | | are disabled
[ are enabled |
5V } )
o ‘ Lo
V5V Q ! }
|
3.54) L
T
o] ! =
vce ‘ ! Lo

sw oV oV,

Figure 7: EN On/Off Sequence

Under-Voltage Lockout (UVLO)

UVLO protects the chip from operating at an
insufficient  supply voltage. The UVLO
comparator monitors Vi and Vcc. The
MPQ4232 is enabled when Vv and Vcc exceed
their UVLO rising thresholds (Vin uvio r and
Vce uvio R, respectively); when Vi triggers the

UVLO falling threshold, the IC stops switching
and starts Vour discharge until Vcc drops below
its UVLO threshold (Vcc uvio). Then the entire
IC is disabled.

Internal Soft Start (SS)

Soft start (SS) prevents the converter's Vour
from overshooting during start-up. When the
chip starts up, the internal circuitry generates a
SS voltage (Vss) that ramps up from OV to Vcec.
If Vss is below Vger, the error amplifier (EA)
uses Vss as the reference. If Vss exceeds Vgrer,
the EA uses Vgrer as the reference. The
MPQ4232 fixes the SS time (tss) at 1ms when
Vrer is set to 0.5V.

If the MPQ4232’s output is pre-biased to a set
voltage during start-up, then the IC disables the
switching of both the high-side MOSFET (HS-
FET) and low-side MOSFET (LS-FET) until the
voltage on the internal SS capacitor (Css)
exceeds the internal feedback voltage (Ves).

Constant-Current Limit Mode (CC Mode) and
Over-Current Protection (OCP)

The MPQ4232 senses the output or input
current via the ISEN+ and ISEN- pins. If lour or
the input current (Iin) exceeds the set current-
limit threshold, then the MPQ4232 enters
constant-current limit mode (CC mode). In this
mode, the current amplitude is limited. Once
lour or Iy reaches the current-limit threshold,
Vour drops as the load resistance decreases
until Veg falls below the under voltage (UV)
threshold (typically 40% below Vgeg). Once the
UV threshold is triggered and Vour is below
2.97V, the MPQ4232 enters hiccup mode to
periodically restart the part. This protection
mode is especially useful when the output is
dead-shorted to ground. As a result, the
average short-circuit current is reduced
significantly, which alleviates thermal issues
and protects the regulator. The MPQ4232 exits
hiccup mode once the over-current (OC)
condition is removed.

Select CC mode on the input side or output side
via factory trimming. See Figure 14 on page 38
for the output side connection, and see Figure
15 on page 38 for the input side connection.

The I1°C bit HICCUP_EN (D4h, bit[5]) can
disable hiccup mode.

MPQ4232 Rev. 1.0
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Switching Current Limit

The MPQ4232 senses the LS-FET current in
loop control, then provides the valley current
limit in buck mode and peak current limit in
boost mode during each cycle-by-cycle
switching. In buck mode, the next period does
not start before I, drops to the valley current
limit. This folds back the frequency when the
valley current limit is triggered.

Based on the cycle-by-cycle switching current
limit, the MPQ4232’s maximum input current
(In_max) in buck mode can be calculated with
Equation (1):

(1)

V, V-V, V,
I\NiMAx (A) =2 xnx (|VALLEYiBuCK (A) N__—OUT x4

4—B oot ____ x10%)
Vin 2xL(uH)xfgy (kHz) Vi

Where n is the efficiency.

Iin_max in boost mode can be calculated with
Equation (2):
Vi Vour =V, (2)

x —OUT IN ><103

2xL(uH) <o, (KHz) Vg

IINiMAX (A)= IPEAKiBDOST (A)-

The buck valley current limit (IlvaLLey suck) iS
typically 9A, and the boost peak current limit
(Ireak_soosT) is typically 13.2A. These limits are
configurable via the 1°C register (D3h, bits[7:6]).

Output Over-Voltage Protection (Output
OVP)

The MPQ4232 provides output over-voltage
protection (OVP). If Veg exceeds 118% of Vger,
then SWA, SWB, SWC, and SWD turn off.
There is a resistor discharge path from the OUT
pin to ground that turns on. If Ves drops to 107%
of Vrer, the chip resumes normal operation.

In addition, the MPQ4232 provides output
absolute OVP. If Vour exceeds the output
absolute OVP threshold (typically 25.5V rising
and 24V falling), then the absolute OVP is
triggered, switching is disabled, and the
discharge resistor turns on.

Input Over-Voltage Protection (Input OVP)

The MPQ4232 provides input OVP. The
MPQ4232 can withstand 36V of V. If Vin
exceeds the input OVP threshold (Vin ove)
(typically 24V) and >2us, then SWA, SWB,
SWC, and SWD turn off to disable Vour, and
the V5V low-dropout (LDO) regulator turns off.
There are two Vinove thresholds that are

selectable through factory trimming: 24V and
27V.

Bootstrap (BST) Power

Capacitors placed between BST1 and SW1 as
well as between BST2 and SW2 are required to
supply power. These capacitors are powered by
either the internal diode from VCC or by
charging each other. The regulated voltages of
BST1 and BST2 are typically 3.54V. The
bootstrap (BST) power provides its own UVLO
control.

Forced Continuous Conduction Mode
(FCCM)

In forced continuous conduction mode (FCCM),
the buck on time and boost off time are
determined by the internal circuit to achieve a
fixed frequency based on the Vi / Vour ratio.
When the load decreases, the average In
drops, and I. may go negative from Vour t0 Vin
during the off time (SWD on). This forces I. to
work in continuous mode with a fixed
frequency, generating a lower Vour ripple
compared to automatic pulse-frequency
modulation (PFM) or pulse-width modulation
(PWM) mode.

Automatic  Pulse-Frequency Modulation
(PEM)/Pulse-Width Modulation (PWM) or
Pulse-Skip Mode (PSM)

In automatic PFM/PWM mode, once I_ drops to
0A, SWD turns off to prevent the current from
flowing from Vour to PGND. This forces I to
work in discontinuous conduction mode (DCM).
At the same time, the internal off time clock
stretches once the MPQ4232 enters DCM. The
frequency drops when the I. conduction period
decreases, which helps reduce power loss and
the Vour ripple.

If Vcomp drops to the PSM threshold, then the
MPQ4232 stops switching to minimize
switching power loss. The MPQ4232 recovers
switching once Vcower exceeds the PSM
threshold. The switching pulse skips based on
Vcome under very light-load conditions. PSM
provides  significantly higher  efficiency
compared to FCCM under light-load conditions;
however, the Vour ripple may be higher due to
the group switching pulse.

MPQ4232 Rev. 1.0
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Switching Frequency and Frequency Spread
Spectrum (FSS)

The MPQ4232 configures the switching
frequency (fsw) via the 2-bit FREQ register. fsw
is selectable at 280kHz, 420kHz, 600kHz, or
1MHz. A 420kHz fsw is typically recommended.

The MPQ4232 provides a frequency spread
spectrum (FSS) function. Set the
DITHER_ENABLE bit (DOh, bit[7]) to 1 to
enable this function. Set the DITHER_ENABLE
bit to 0 to disable the function. The purpose of
FSS is to minimize the peak emissions at set
frequencies.

The MPQ4232 uses a 2kHz triangle wave to
modulate the internal oscillator. The frequency
span of FSS operation is 9% (see Figure 8).

A
fsw = 457.8kHz Fundemantal
Frequency
fsw = 420kHz I A N A
| '\/ . N N N |

| // | \\ // \\ // \\

/\* N N2 N

|f5w 382. 2kHz|

1 > t

|~—500ps—-|

Figure 8: Frequency Spread Spectrum

The MPQ4232’s FSS frequency can be enabled
for a 280kHz, 420kHz, 600kHz, or 1IMHz fsw.

Start-Up and Shutdown

If both Viv and Ven exceed their respective
thresholds, then the chip is enabled. The
bandgap reference block starts up first,
generating a stable Vger and reference
currents, then the internal VCC regulator is
enabled. The regulator provides a stable supply
for the remaining circuitry.

To enable the buck-boost output, 12C_EN must
be turned on. I12C_EN is the logic or result of
two signals: ADDR and the OPERATION bit
(01h, bit[7]). For more details, see the ADDR
Function section on page 23 and the
OPERATION (01h) section on page 27.

Several events can shut down the chip: EN
going low, Vi going low, and thermal shutdown.

Figure 9 shows the start-up and shutdown state
machine.

Thermal shutdown or Viy and Vey >UVLO
Vin or Vey < UVLO

Standby
VCC and V5V are active
Vi OVP,

12C_EN = off I2C_EN =on
(ADDR = disabled or (ADDR = enabled or the
OPERATION bit = 0) OPERATION bit = 1)

Start-Up
Buck-boost enabled

Figure 9: Start-Up and Shutdown State Machine

Slew Rate Control and Output Discharge

The MPQ4232 sets the Vour change slew rate
via the internal SR bits, where D3h, bits[4:3]
configure the rising slew rate, and D3h, bits[2:1]
configure the falling slew rate. Four Vger
change (rising and falling) slew rates can be
selected according to different application
requirements.

During voltage transients, the discharge
function is enabled. This function is disabled
automatically after the Vrer change finishes. If
Vour is not discharged to the target voltage by
the time Vger finishes changing due to
excessive output capacitance (Cour), then the
OVP discharge function continues discharging
Cour.

The output discharge function is enabled under
the following conditions:

e Vger changes

e The output OVP threshold (118% of Vgs) is
triggered

e The I°C OPERATION bit or the EN pin is
disabled. Discharge works until the 250ms
delay passes

e If Vin UVLO is triggered while VCC has a
residual voltage, the MPQ4232 discharges
for a limited time. This discharge function is
disabled after Vcc is below Vec vvio

MPQ4232 Rev. 1.0
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V5V Low-Dropout (LDO) Regulator

The V5V LDO regulator uses Viy as the input
supply and outputs a fixed 5V voltage that can
supply 60mA of load current. This regulator is

Table 1 shows the ADDR logic for the device
address, top resistor (Rrtop), bottom resistor
(Reor), and 12C_EN.

Table 1: ADDR Logic

enabled once Vi exceeds VN uvio and Ven

exceeds Ven_risive1 (0.68V). The V5V LDO can e | R | Reor 12C_EN

also use Vour as the input supply when Vi is

below 6V, but Vour exceeds 6V. V5V remains 67h NS 0Q Off

on even when Vi is below Vin_uvio until Vec is 47h 100kQ2 66.5kQ Off

below Vcc uvio. When input OVP s triggered, 27h 604k | 100kQ On

the V5V LDO turns off. 07h 0Q NS on
Note:

Output Line Drop Compensation

The MPQ4232 can compensate for a Vour drop
(e.g. high impedance caused by a long trace) to
maintain a fairly constant load-side voltage.

See D2h, bits[1:0] on page 31 for more details
regarding the line drop compensation
amplitude.

ADDR Function

The ADDR pin configures the I1°C slave address
and sets the default 12C_EN status. 12C_EN is
the logic OR result of the OPERATION bit value
in the 12C and ADDR pin status. The resistor
divider on the ADDR pin determines the A7 to
A6 bit values of the 7-bit I°C address, and bits
A5 to Al are configurable via the I°C or one-
time programmable (OTP) memory. Figure 10
shows the ADDR connection.

Vce

Rrop

ADDR

MPQ4232

RBOT

Figure 10: ADDR Connection

10) If I2C_EN is on, this means that Vour is on by default once Vg
and Vey exceed their respective UVLO thresholds.

11) If I2C_EN is off, this means that Vour is off by default. The
user must set the OPERATION bit to 1 (either via the I1°C or
OTP) to enable Vour.

The ADDR status is latched after Vin and Ven

exceed their respective UVLO thresholds.

ADDR resets only when Vcc drops below

Vee uveo (EN is pulled low or Viy is below 2.4V

typically).
SYSTEM
Thermal Shutdown (TSD)

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures.
When the silicon die temperature exceeds
165°C, it shuts down the entire chip. Once the
temperature falls below its lower threshold
(145°C typically), the chip is enabled.

MPQ4232 Rev. 1.0
6/13/2024

MonolithicPower.com 23
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

I2C INTERFACE

I°C Serial Interface

The power management bus (I1?C) is an open-
standard power management protocol that
defines a means of communication with power
conversion and other devices.

The I1°C is a two-wire, bidirectional serial
interface, consisting of a data line (SDA) and a
clock line (SCL). The lines are pulled to a bus
voltage (Veus) externally when they are idle.
When connecting to the lines, a master device
generates an SCL signal and device address,
then arranges the communication sequence.
This is based on I12C operation principles.

Start and Stop Commands

The start and stop commands are signaled by
the master device, which signifies the beginning
and end of the I2C transfer. The start command
is defined as the SDA signal transitioning from
high to low while SCL is high. The stop
command is defined as the SDA signal
transitioning from low to high while SCL is high
(see Figure 11).

The master then generates the SCL clocks and
transmits the device address and the read/write
(R/W) direction bit on the SDA line. Data is
transferred in 8-bit bytes by the SDA line. Each
byte of data is followed by an acknowledge
(ACK) bit.

I2C Update Sequence

The MPQ4232 requires a start command, a
valid I1°C address, a register address byte, and
a data byte for a single data update. The device
acknowledges receiving each byte by pulling
the SDA line low during the high period of a
single clock pulse. A valid I1°C address selects
the MPQ4232. The device performs an update
on the falling edge of the least significant bit
(LSB) byte.

I2C Bus Message Format

Figure 12 on page 25 shows the I12C message
format. The unshaded cells indicate that the
bus host is driving the bus actively, and the
shaded cells indicate that the MPQ4232 is
driving the bus.

e S = Start command

e Sr = Repeated start command

e P = Stop command

e R =Read bit

e W = Write bit

e A= Acknowledge bit (0)

e A = Acknowledge bit (1)

A represents the ACK bit, which is typically

active low (logic 0) if the transmitted byte is
received successfully by a device.

- re=-
R P
SDA_E-\_E_/ a6-a0 b7-b0 \ / b7-b0 \ ]‘l E
B T T 1 1
1o P
H : 1 1
| | L 1 :
1 1 . 1P
SCL : S : 1-7 8 9 1-7 8 9 1-7 8 9 M 1
I Laad

Start Stop
Command Command

| ] L ] 1 ] 1 ] 1 ] 1 ] 1 ]
Address RIW ACK Data ACK Data ACK
Figure 11: Data Transfer across the 1°C
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a) Send Byte
1 7 1 1 8 1 1
| S | Slave Address ‘Wr| A ‘ Command Code | A | P |

b) Write Byte
1 7 1 1 8 1 8 11
| S ‘ Slave Address ‘Wr| A ‘ Command Code ‘ A ‘ Data Byte ’ A ‘ P ‘

c) Write Word
1 7 1 1 8 1 8 1 8 1
| S | Slave Address ‘Wr| A ‘ Command Code | A | Data Byte Low | A | Data Byte High | A | P |

d) Read Byte
1 7 1 1 8 1 1 7 1 1 8 1 1

| S ‘ Slave Address ‘Wr| A ‘ Command Code ‘ A ‘ S ‘ Slave Address ‘Rd‘ A ‘ Data Byte ‘ A ‘ P |

e) Read Word

1 7 1 1 8 1 1 7 11 8 1
| S ‘ Slave Address ‘Wr| A ‘ Command Code | A IS‘ Slave Address ‘Rd’ A ’ Data Byte Low ‘ A ‘
8 1 1

| DaaByte High |A| P |

Figure 12: I’C Message Format

MPQ4232 Rev. 1.0 MonolithicPower.com 25
6/13/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION
mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I2C, AEC-Q100

REGISTER DESCRIPTION

I2C Register

The I?C is active once Vv and Ven exceed their respective UVLO thresholds. The default register value

is based on th

e MPQ4232-0000.

Command I Data . Default
Code Command Name Description Type Format Unit | OTP Value
01lh OPERATION On/off state R/W byte Reg - Yes 0
03h CLEAR_FAULTS - Send byte | Reg - No
Linear VRer =
21h VOUT_COMMAND - R/W word L16* \% Yes 0.5V
79h STATUS_WORD - R word Reg - No
7Dh STATUS TEMPERATURE | - R byte Reg - No
DOh MFR_CTRL1 - R/W byte Reg - Yes
D1h MFR_CURRENT LiMIT | Setstheconstant- | o e | Reg _ | Yes | 5.4A
- - current (CC) limit
D2h MFR_CTRL2 - R/W byte | Reg - | Yes
D3h MFR_CTRL3 - R/Wbyte | Reg - | Yes
D4h MFR_CTRL4 - R/Wbyte | Reg - | Yes
Dsh | MFR_STATUS_MASK Masks the ALT# | gy pyte | Reg - | Yes
pin indication
MFR_OTP_ OTP configuration
D9 | CONFIGURATION_CODE | code RIWbyte | 'Reg | - | Yes
MFR_OTP_REVISION_ OTP software
DAR NUMBER revision RIW byte Reg i Yes
MPQ4232 Rev. 1.0 MonolithicPower.com 26
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I2C COMMAND DESCRIPTION
OPERATION (01h)
Format: Unsigned binary

The OPERATION command configures the converter's operational state. The default OPERATION
value is set via both the one-time programmable (OTP) memory and ADDR pin. If this command is set
to 80h or ADDR enables EN, then the chip automatically turns on the output. The default OPERATION
command value is 00h. After start-up, the OPERATION bit can be changed via the I12C.

Bits Access | Bit Name Default Description
Sets the on/off state. The EN pin has a higher control priority
than this bit.
7 RW OPERATION 1’b0
1'b0: The output is off (default)
1I’bl: The output is on
6:0 R/W RESERVED / %%%OO Reserved.

CLEAR_FAULTS (03h)
Format: Unsigned binary

The CLEAR_FAULTS command clears any fault bits that have been set in all status registers
simultaneously. At the same time, the device clears its ALT# signal output if the device asserts the
ALT# signal. This command does not restart a unit that has latched off due to a fault condition.

If the fault remains when the bit is cleared, then the fault bit is immediately set again and the host is
notified by the usual means. This command is write-only. For more details, see the send byte format in
Figure 12 on page 25.
VOUT_COMMAND (21h)
Format: Unsigned binary
The VOUT_COMMAND command sets the output voltage (Vour). It follows the L16 linear data format.
Vour (in V) can be calculated with the following equation:

Vour =V X 210
Where V is a 16-bit unsigned binary integer of VOUT_COMMAND (bits[15:0]).

The valid Vour range is between 1V and 21.47V. Vour is abnormal when it is beyond this range. The
feedback resistor ratio should be Vour / Vrs = 10. The VOUT_COMMAND resolution is 10mV.

The internal reference voltage (Vrer) is Vour / 10 and ranges between 0.1V and 2.147V, with a 1mV
step (total of 2,047 steps). This value is set by an 11-bit digital-to-analog converter (DAC) when the
DAC input of the 11 bits is 0, and the DAC output is 0.1V).

Bits Access | Bit Name Default | Description
16’b0001
15:0 R/W VOUT_COMMAND 0100000 | These bits set Vrer. Vrer = 0.5V (default).
00000
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STATUS_WORD (79h)
Format: Unsigned binary

The STATUS_WORD command returns 2 bytes of information with a summary of the MPQ4232’s fault
condition. Based on the information in these bytes, the host can obtain more information by reading the
appropriate status registers. The PG_STATUS# bits are the exception to the rule that the status bit
remains set and always reflects the current state of the POWER_GOOD signal (if present).

Byte | Bits | Access | Bit Name Default | Description
7 R RESERVED 1'b0 Reserved. The default value is Ob.
6 R RESERVED 1'b0 Reserved. The default value is Ob.
5 R VOUT_OV_FAULT 1'b0 :)nctiiﬁﬁtee; that an output over-voltage (OV) fault has
Indicates that an output over-current (OC) fault has
ou | 4| R JiouTockauT | ivo | cccre i the UPQLS2 enches citer e consart
hiccup mode, then this bit is set.
3 R VIN_OV_FAULT 1'b0 Indicates that an input voltage (Vin) OV fault has occurred.
2 R TEMPERATURE 1'b0 Indicates that a temperature fault or warning has occurred.
1 R RESERVED 1'b0 Reserved. The default value is Ob.
0 R RESERVED 1'b0 Reserved. The default value is Ob.
7 R VOUT 1'b0 Indicates that a Vour fault or warning has occurred.

Indicates that an output current (lout) fault has occurred. If
6 R IOUT/POUT 1'b0 the MPQ4232 reaches either the CC or peak current limit,
or the device enters hiccup mode, then this bit is set.

5 R RESERVED 1'b0 Reserved. The default value is 0b.

Indicates that lout has exited the CC limit. This bit is only
4 R oc EXIT 160 S?t high when lout changes from CC_ mode (bef_ore entering
High - hiccup) to non-CC mode. Recovering from hiccup mode
does not set this bit.

If present, the POWER_GOOD signal is cleared. If this bit is

3 R PG_STATUS# 1'b0 set 1, Vour is not good. If this bit is cleared, Vour is power
good.
2 R RESERVED 1’'b0 Reserved. The default value is Ob.
1 R RESERVED 1’'b0 Reserved. The default value is Ob.
0 R RESERVED 1'b0 Reserved. The default value is Ob.
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STATUS_TEMPERATURE (7Dh)

The STATUS_TEMPERATURE command returns 1 data byte to indicate an over-temperature (OT)
fault or warning.

Bits Access | Bit Name Default | Description
; Indicates an OT fault. The over-temperature protection entry

! R OT_FAULT 1'b0 threshold is 165°C.

6 R OT_WARNING 160 I1n3d5lggtes an OT warning. The OT warning entry threshold is

5 R RESERVED 1'b0 Reserved.

4 R RESERVED 1'b0 Reserved.

3 R RESERVED 1'b0 Reserved.

2 R RESERVED 1'b0 Reserved.

1 R RESERVED 1'b0 Reserved.

0 R RESERVED 1'b0 Reserved.
MPQ4232 Rev. 1.0 MonolithicPower.com 29
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I2C REGISTER MAP

Name F(QOEXC; RW | D[7] o] | DB | D[4 | D3 D[2] D[1] D[0]
OUTPUT
DITHER_ PWM/PFM_ | OUTPUT_ =
MFR_CTRL1 DO R/W ENABLE FREQ MODE OVP_EN DISCEQRGE_ RSENS
MFR_CURRENT_ LDC_
LIMIT D1 R/W DISABLE CONSTANT_CURRENT_LIMIT (0.5A to 6.35A/50mA step)
LINE_DROP_
MFR_CTRL2 D2 R/W RESERVED COMPENSATION
SLEW
SWITCHING _ cC_ - FREQ
MFR_CTRL3 D3 R/W CURRENT_LIMIT ADJ RQ-QE_ SLEW_RATE_FALLI MODE
CC_BLANK_ HICCUP_
MFR_CTRL4 D4 R/W TIMER EN 12C Address(A5-Al)
MFRKA‘Q:'ATSAJUS— D8 | RIW Masks the ALT# pin indication if a fault or event occurs
MFR_OTP_
CONFIGURATION_ | D9 | R/W OTP configuration code, which is defined by MPS

CODE
MFR_OTP_
REVISION _ DA | RIW OTP software revision number, which is defined by MPS

NUMBER

MFR_CTRL1 (DOh)
Format: Unsigned binary

The MFR_CTRL1 command sets the frequency mode, sets enable/disable output OVP and discharge,
and selects the sense resistance (Rsens).

Bits Access | Bit Name Default Description

1'b0: No dither
1’bl: Enables frequency spread spectrum (FSS) (default)

7 RW | DITHER_ENABLE b1

Sets the buck-boost switching frequency (fsw).

2'b00: 280kHz
6:5 RW FREQ 2'b 01 2'b01: 420kHz(default)
2'b10: 600kHz
2’b11: 1IMHz

Sets buck-boost operation.

2’b00: Reserved

4:3 R/W PWM/PEM MODE 2b 01 2’b01: Forced pulse-width modulation (PWM) mode (default)

- 2’b10: Automatic pulse-frequency modulation (PFM) or PWM
mode

2’b11: Reserved

Sets the output OVP enable or disable control.

2 RW OUTPUT_OVP_EN 1'b1 1’b0: There is no output OVP function
1’b1: Enables the output OVP function (default)
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Enables the output discharge function for a fixed 250ms.

OUTPUT 1'b0: Disables the output discharge function during EN, Vi, or
L RW | DISCHARGE_EN I'b1 | 12C operation off

- 1’b1: Enables the output discharge function during EN, Vi, or I°C
operation off (default)

Selects the external current-sense resistance.

0 RW RSENS 1'b0 1’b0: 5mQ (default)
1'b1: 10mQ

MFR_CURRENT_LIMIT (D1h)
Format: Unsigned binary

The MFR_CURRENT_LIMIT command sets the output CC limit threshold and controls the line drop
compensation. The real world over-current output current (lour oc) (in A) can be calculated with the
following equation:

lout_oc (A) = IOUT_LIM x 0.05
Where IOUT_LIM is a 7-bit unsigned binary integer of CONSTANT_CURRENT_LIMIT (bits[6:0]).

The 0.05 ratio is proportional to Rsens. TO obtain accurate lout oc, the value of DOh, bit[0] requires
matching the actual Rsens. The lout oc resolution or minimum step is 50mA. The maximum value is
6.35A.

Bits Access | Bit Name Default | Description
Enables line drop compensation.
7 R/W | LDC_DISABLE b0 | 1°b0: Enabled (default)
1'b1: Disabled
6:0 R/W gaggéﬁ#TDMlT 6 b%%ml Sets the CC limit. The default value is 5.4A.

MFR_CTRL2 (D2h)
Format: Unsigned binary
The MFR_CTRL2 command sets Vour compensation vs. lour.

Bits Access | Bit Name Default Description
72 R RESERVED 6b8800 Reserved.

Sets Vout compensation vs. lour.

2’b00: No compensation (default)

2’b01: Vour compensates 100mV at 3A lout
LINE_DROP_ , 2’b10: Vout compensates 300mV at 3A lout
1:0 RIW COMPENSATION 2'b00 2’b11: Vout compensates 600mV at 3A lout

The above compensation amplitudes are fixed for any Vour. Line
drop compensation is enabled for 3V and above Vour. It is
clamped when lout exceeds 3.6A.

MPQ4232 Rev. 1.0 MonolithicPower.com 31
6/13/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

MFR_CTRL3 (D3h)
Format: Unsigned binary

The MFR_CTRL3 command sets the switching current limit, Vour slew rate, and frequency mode in buck-
boost mode.

Bits Access | Bit Name Default Description
Sets the current limit of switch B (SWB) and switch C (SWC).

. SWC Peak SWB Valle
Bits[7-6] Current Limit Current Limyit
00 9A 6.6A
01 (default) 13.2A 9.0A
10 17.9A 12.6A
11 22.4A 15.5A

Adjusts the CC limit compared to Vour gain.

S RIW CC_ADJ 1’00 1'b0: Does not add 50mA to the CC limit (default)
1'b1: Adds 50mA to the CC limit

SWITCHING_
CURRENT_LIMIT

7:6 R/W 2’b01

Sets the Vour-adjusted rising slew rate.

2’b00: 0.08mv/ps Vrer rising slew rate
2’b01: 0.16mv/ps Vger rising slew rate (default)
2’b10: 0.4mv/ps Vrer rising slew rate

43 RIW SLEW RATE RISE 2b01 2’b11: 0.8mv/ps Vrer rising slew rate

The Vour slew rate can be calculated with the following equation:
Vout Slew Rate = Vrer Slew Rate x Feedback Ratio

Where the feedback ratio is 10 (see Figure 14 and Figure 15 on
page 38).

Sets the Vour-adjusted falling slew rate.

2’b00: 0.02mv/us Vrer falling slew rate
2’b01: 0.04mv/us Vrer falling slew rate
2’b10: 0.1mv/us Vrer falling slew rate (default)

21 RIW SLEW_RATE_FALL 2b10 2’b11: 0.2mv/us Vrer falling slew rate

The Vour slew rate can be calculated with the following equation:
Vourt Slew Rate = Vrer Slew Rate x Feedback Ratio

Where the feedback ratio is 10 (see Figure 14 and Figure 15 on
page 38).

Sets the frequency mode under buck-boost conditions.

0 R/W FREQ MODE 1’bl 1’b0: Reduces the frequency to half of buck and boost mode
- 1'b1: Maintains the same frequency as buck and boost mode
(default)
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MFR_CTRL4 (D4h)
Format: Unsigned binary

The MFR_CTRL4 command sets the CC blank timer and 1°C address, and controls hiccup mode at the
current limit. The I1°C slave address is 07h by default. The ADDR pin controls the A7 to A6 bits value, and
the OTP controls the A5 to Al bits value.

Bits Access | Bit Name Default Description
Sets the blank time before the MPQ4232 enters CC mode:

2’b00: 320ps
2’b01: 2ms (default)
2’b10: 16ms
2’b11: 80ms

7:6 RW | CC_BLANK_TIMER 2'b01

Enables hiccup mode at the current limit.

5 R/W | HICCUP_EN 1'b1 1'b0: Disabled
1'b1: Enabled (default)
Sets the I2C slave address of the A5 to Al bits. A7 to A6 are
determined by the ADDR pin.

4.0 R/W 12C_ADDRESS 5b0011 1

The default value is "00111b." The I2C slave address is 07h
when ADDR is pulled to VCC.

Table 2 shows the I2C slave address and OPERATION bit setting.
Table 2: I°C Slave Address and OPERATION Bit

ADDR Pin Voltage 2C Address (A7:Al) OPERATION
(VaooR) ' Bit Default
Binary Hex Value
Pull low 1100 111 (default) 67h Off
37% of Vcc 1000 111 (default) 47h Off
62% of Vcc 0100 111 (default) 27h On
Vcc 0000 111 (default) 07h On

MFR_STATUS_MASK (D8h)
Format: Unsigned binary

This MFR_STATUS_MASK command can only mask off the ALT# pin behavior, but the STATUS register
still indicates each event.

Bits Access | Bit Name Default Description
, 1’b0: Not masked
7 RIW | VOUT_MSK 1611 1'b1: Mask enabled (default)
Masks IOUT_OC_FAULT, IOUT/POUT, and OC_EXIT.
6 RIW IOUT/POUT_MSK 1’60 1’b0: Not masked (default)
1’b1: Mask enabled
; 1’b0: Not masked
5 RIW | VIN_MSK 1611 1'b1: Mask enabled (default)
Sets the temperature-related mask.
4 R/W TEMP_MSK 1'b1 1’b0: Not masked
1’b1: Mask enabled (default)
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Sets the mask control of the power good (PG) rising and falling
edges. PG rising means Vout goes from not good to good.

2’p00: Not masked. The ALT pin indicates both the PG rising and
PG falling edges

2’b01: ALT only indicates rising PG, which means PG_STATUS#
changes from1to O

2’b10: ALT only indicates the PG falling edge, which means
PG_STATUS# changes from0to 1

2’b11: ALT does not indicate any PG edge changes (default)

3:2 R/W PG_MSK 2’b11

ALT is not pulled down during the first time that PG rises.

1 R/W RESERVED 1'b0 Reserved. The default value is Ob.

1'b0: Not masked

0 RW | UNKNOWN_MSK 1| 1p1: Mask enabled (default)

MFR_OTP_CONFIGURATION_CODE (D9h)
Format: Unsigned binary
The MFR_OTP_CONFIGURATION_CODE command indicates the OTP configuration code.

Bits Access | Bit Name Description
OTP_

7:0 R/W CONFIGURATION_ Sets the OTP configuration code, which is defined by MPS.
CODE

MFR_OTP_REVISION_NUMBER (DAh)
Format: Unsigned binary
The MFR_OTP_REVISION_NUMBER command indicates the OTP software revision.

Bits Access | Bit Name Description
7:0 R/W OTP_REVISION_ Sets the OTP software revision number, which is defined by MPS.
NUMBER
MPQ4232 Rev. 1.0 MonolithicPower.com 34
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APPLICATION INFORMATION

Selecting the Inductor

Inductor selection is based on the mode. The
inductance in buck mode (Lsuck) can be
calculated with Equation (3):

Vour x(1- Vour ) (3)

BUCK —
fow x Al Vin

L

Where Al is the peak-to-peak inductor ripple
current, which is 30% to 50% of the maximum
load current.

In boost mode, the inductor selection is based
on limiting Al. to 30% to 50% of the Iin_max. The
target inductance in boost mode (Lsoost) can be
calculated with Equation (4):

L _ Vi X (Mour = Vi) 4)

BOOST —
Vour * fsw X Al

Where Al is the peak-to-peak ripple current
and is about 30% to 50% of lin_wmax.

Iin_max can be calculated with Equation (5):
V,

_ Vour x|
IN_MAX =

LOAD_MAX ( 5)

Vi xn

Where loap max is the maximum load current,
and n is the efficiency.

Choosing a larger-value inductance reduces the
ripple current but also increases the inductor
size. A larger-value inductance also reduces
the converter's achievable bandwidth by
moving the right half-plane zero to lower
frequencies. Therefore, a compromise must
made based on the application requirements.

Selecting the Input Capacitor

The input current in buck mode is discontinuous
and continuous in boost mode, requiring a
capacitor to supply the AC current in buck
mode while maintaining the DC Vy. Ceramic
capacitors are recommended for best
performance and should be placed as close to
the VIN pin as possible. Ceramic capacitors
with X5R or X7R dielectrics are recommended
because they are fairly stable with temperature
fluctuations. The capacitors must also have a
ripple current rating greater than the converter’s
maximum input ripple current.

The input ripple current in buck mode (Icin) can
be estimated with Equation (6):

V, V,
Lo =1 x [Yout o (1 Your (6)
CIN ouT \/ \/|N ( V )

IN

The worst-case condition in buck mode occurs
at Vin = 2x Vour, where Iy can be calculated
with Equation (7):

| — our @)
CIN 2
For simplification, choose an input capacitor
(Civ) with an RMS current rating greater than
half of the maximum load current.

Cin determines the converter’s input voltage
ripple (AVi). If there is a AViy requirement in
the system, choose Cin to meet the
specifications.

AVin in buck mode can be estimated with
Equation (8):

Ale _ lour % Vour x (1- VOUT) (8)
fsw xCi Vi Vin

The worst-case condition occurs at Vin = 2 X
Vour, where AV can be calculated with
Equation (9):

AV, =Ly tour 9)
4 fSW x CIN

AVin in boost mode can be estimated with
Equation (10):

AV Vin x(1- Vin ) (10)

" :8stw2XLXC|N out

If using polymer, hybrid, or low-ESR electrolytic
capacitors, the ESR dominates the impedance
at fsw. AVin in boost mode can be estimated
with Equation (11):

Vin
xL

Viy 1
R = )11
) ESRJr8xf xC )( )

SW IN

AV,

N~
fsw

x(1-

ouT

Selecting the Output Capacitor

In boost mode, lour is discontinuous, meaning
the output capacitor (Cout) must be capable of
reducing the output voltage ripple (AVour).

MPQ4232 Rev. 1.0
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with X5R or X7R dielectrics are recommended.
If using ceramic capacitors, the impedance of
the capacitor at fsw is dominated by the
capacitance, meaning AVour is independent of
the ESR. AVour in buck mode can be estimated
with Equation (12):

AV Vour x(1- Vour ) (12)

our~ 8><fsw2 xLxCoyr Vin

If using polymer, hybrid, or low-ESR electrolytic

capacitors, the ESR dominates the impedance

at fsw. AVour in buck mode can be estimated

with Equation (13):
V,

—x(1- _VOUT )% (Resg +
fou xL N

sSwW

;) (13)

AV, =
o 8xfsw x Cour

Where Resr is the equivalent series resistance
of Cour.

AVout In boost mode can be estimated with
Equation (14):

V,
(1_ Vv = )X I|_0AD
AV. . = out (14)

ouT
COUT x fSW

If using polymer, hybrid, or low-ESR electrolytic
capacitors, the ESR dominates the impedance
at fsw. AVour in boost mode can be estimated
with Equation (15):

V,
- )xlour | XReen XV,
AV, = ouT 1 -our *Tese X Tour (15
Cour *fsw Vin

Choose Cour to meet the AVour and load
transient response requirements of the design.
Consider the capacitance derating when
designing applications with high Vour.

MPQ4232 Rev. 1.0
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PCB Layout Guidelines @2

Efficient PCB layout is critical for standard
operation and thermal dissipation. For the best
results, refer to Figure 13 and the guidelines
below:

of
itor

1. In buck mode, place the input filter capacitor
(Civ) and VIN pin as close as possible.

2. In boost mode, place the output filter
capacitor (Cour) and the OUT pin as close
as possible.

3. Use short, direct, and wide traces to Top Layer

connect OUT.

4. If necessary, add vias to ground after the
output filter.

5. Use a large copper plane for PGND and
add multiple vias to improve thermal
dissipation.

Connect AGND to PGND.

To improve EMI performance, place two
decoupling ceramic input capacitors as
close as possible to VIN, OUT, and PGND. Mid-Layer 1

8. Place the input filter at the bottom layer for
improved EMI performance.

9. Place the VCC decoupling capacitor (Cvcc)
as close as possible to VCC.

10. The output current-sense traces (ISEN+
and ISEN-) must use a Kelvin connection.

11. The switching nodes of the BST1/BST2
capacitors must be Kelvin connected to the
SW1 and SW2 pins using a wide PCB trace.

Note:
12) The recommended layout is based on Figure 14 on page 38. Mid-Layer 2

Bottom Layer
Figure 13: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS «a a9

ciB CiC 4. 7uH C2A C2B Rs c2c c2D
2 x 10uF 0.1uF ca4 0.1uF 10pF 5mQ 4.7uF 100uF

. VOUT

Vin O 220nF
20nF
c1 AR + 1Vio21V/3A
2 IT
100”FI I IlOOk <
VIN BSTl swi sw2 BST2 OUT - =
EN
ISEN+ []
ISEN- R1
Rs 4 MPQ4232-0000 90.9k0
oo 3 FB
SDA R2
10kQ
scL on I
ALT ADDR V5V AGND PGND s
"|"19 Ils \/ch15 100pF
IlpF lpF =

Figure 14: Typical Application Circuit (Vin =9V to 16V, VOUT =5V, 1V to 21V adjustable via the I°C, 12C_EN
on by default)

C1A Rs CiB CiC 4.7uH C2A C2B Cc2C C2D
10uF  5mQ  10uF 0.1pF 0.1uF 10pF 4.7uF 100pF

220nF O Vour
12VI3A

]
ouT

sSw2 BST2

R1
ISEN+ MPQ4232-xxXXX 90.9kQ
FB
SDA R2
ScL 10kQ
ON
ALT ADDR V5V AGND PGND
]“ IlB \/ch15 100pF -
IlpF IluF —

Figure 15: Typical Application Circuit (Vin =9V to 16V, Vour = 12V/3A application with Rs on the input side)

Note:

13) ADDR sets the I°C address and 12C_EN status. I12C_EN is the logic OR result of the OPERATION bit and ADDR status. When ADDR is
connected to VCC, 12C_EN is on. Vour starts up automatically when V,y and Vey exceed their respective UVLO thresholds. When ADDR is
connected to AGND, 12C_EN is off. When V\y and Vey exceed their respective UVLO thresholds, Vour does not start up until the
OPERATION bit is written to 1. See Table 1 on page 23 for more details.

14) V5V outputs 5V and can supply an external MCU with a 60mA capability.
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MPQ4232GVE-0000-AEC1 CONFIGURATION TABLE

OTP Items Description Value
OPERATION The MPQ4232 is on or off by default 0: Off (default)
VOUT_COMMAND Vour, voltage reference (Vrer) = 0.5V 5V (default)
DITHER _ENABLE Enables frequency spread spectrum (FSS) 1: Enabled

FREQ

Sets the switching frequency (fsw)

01: 420kHz (default)

PFM/PWM_MODE

Selects automatic pulse-frequency modulation (PFM)
or pulse-width modulation (PWM) mode or forced
PWM mode

01: Forced PWM
mode (default)

OUTPUT_OVP_EN

Output OVP enable or disable

1: Enabled (default)

OUTPUT_DISCHARGE_EN

Enables output discharge function during the Vi, I?C,
or EN disabled period

1: Enabled (default)

RSENS Selects Rsens 0: 5mQ (default)
0: Enables line drop
LDC_DISABLE Enables line drop compensation compensation
(default)

CONSTANT_CURRENT _

Sets the output current (lout) limit

5.4 (default)

LIMIT
LINE_DROP_ Sets Vour compensation vs. lout 00: No compensation
COMPENSATION ' (default)
SWITCHING_CURRENT_ | Sets the switch B (SWB) valley current limit and | 01: SWC peak 13.2A,
LIMIT switch C (SWC) peak current limit SWB valley 9A
0: Does not add 50mA
CC_ADJ Adjusts the CC limit vs. Vout gain to the CC limit
(default)

SLEW_RATE_RISE

Sets the Vrer adjusted rising slew rate. The Vour slew
rate can be calculated with the following equation:

Vout Slew Rate = Vrer Slew Rate x Feedback Ratio
Where the feedback ratio is 10.

01: 0.16mV/us
(default)

SLEW_RATE_FALL

Sets the Vrer adjusted falling slew rate. The Vour slew
rate can be calculated with the following equation:

Vout Slew Rate = Vrer Slew Rate x Feedback Ratio
Where the feedback ratio is 10.

10: 0.1mV/us (default)

1: Maintains the same

UNKNOWN_MSK

FREQ_MODE Sets the frequency mode under buck-boost conditions | frequency as buck and
boost mode
CC_BLANK_TIMER iitgethe blank time before the MPQ4232 enters CC 01: 2ms (default)
HICCUP_EN Enables hiccup mode during the current limit 1: Enabled
OT_WARNING Enables the over-temperature (OT) warning 135°C (default)
I2C_ADDRESS Sets the I1°C slave address 00111: 07h
VOUT_MSK 1: Masked
IOUT/POUT_MSK 0: Not masked
VIN_MSK 1: Masked
TEMP_MSK 1: Masked
Masks ALT pin indication 11: The ALT pin does
PG_MSK not indicate any PG
edge changes
RESERVED 0: Not masked

1: Masked

MPQ4232 Rev. 1.0
6/13/2024

MonolithicPower.com

© 2024 MPS. All Rights Reserved.

39

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mps MPQ4232 — 6A BUCK-BOOST WITH FOUR INTEGRATED MOSFETS AND I?C, AEC-Q100

PACKAGE INFORMATION
QFN-19 (4mmx5mm)

, 0.45
410 0.75 0.55 PIN1ID
PIN 11D
19 ‘ ‘ " 0.20X45° TYP

MARKING 7 mg ilily Q@%

A S | E——
L I L o0 |- e 02
INDEX AREA ‘ : 0.55 [ E——) .
| 110 D 1 9245
< 2.55
; 0.75 WOJT— m HHLIHG E E 0.75
0.85 € ] 070
0.75 0.50  BSC
0.85 BSC
TOP VIEW BOTTOM VIEW
0.80 0.80 T
0.20 REF— 1.00 B =01
0.00 '
L= 0.20 REF- 0.05
0.05 R
SIDE VIEW SECTION A-A
g9 =
——
0.20X45 L 782
/189
0.251 110
o 0.52 NOTE:
=== 0.00
. E— 0.55
: — ‘ 110 1) THE LEAD SIDE IS WETTABLE.
- \ 1.70 2) ALL DIMENSIONS ARE IN MILLIMETERS.
050+ D H}D D 52 3) LEAD COPLANARITY SHALL BE 0.08
\ 2.80 MILLIMETERS MAX.
0‘56%" i \«—S»C\)—o.m 4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE.
RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1|8 e 1P 1
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Part Number Package | Quantity/ | Quantity/ | Quantity/ Reel C_?;rlsr Carrier
Description Reel Tube Tray Diameter Wic?th Tape Pitch
MPQ4232GVE- QFN-19 .
0000-AEC1-Z | (4mmx5mm) | 0% NIA N/A 13in 12mm 8mm
MPQ4232GVE- QFN-19 .
xoCAEC1-Z | (4mmxsmm) | °0%0 N/A N/A 13in 12mm 8mm
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 6/13/2024 Initial Release -

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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