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MPM54304

4V to 16V Input, Quad-Output Power Module
with 1°C and MTP in Ultra-Thin Package

DESCRIPTION

The MPM54304 is a quad-output, DC/DC step-
down power module with up to 3A per output
(channel 1 and 2) and 2A per output (channel 3
and 4). Channels 1 and 2 can be paralleled to
provide up to 6A of current, and channels 3 and
4 can be paralleled to provide up to 4A of
current.

Operating over a 4V to 16V input voltage range,
the MPM54304 can support an output voltage
range of 0.55V to 7V. The output voltage can
be set via the I1°C or external resistor divider.
The module has internal auto-compensation,
which eliminates the need for an external
compensation network. The MPM54304
employs a constant-on-time (COT) control
scheme to provide ultra-fast load transient
responses. This minimizes the required output
capacitance.

The MPM54304 features a two-time, non-
volatile programmable memory. Its operating
parameters are programmable via the 1C.

The MPM54304 requires a minimal number of
external components, and is available in ultra-
thin LGA-33 (7Tmmx7mmx2mm) package.

FEATURES

e 4V to 16V Operating Input Range
e Wide Output Voltage:
o I>C Programmable: 0.55V to 5.4V
o External Resistor Divider: 0.6V to 7V or
Vin * Duax if Vin < 7V
e Channel 1 and 2: 3A Continuous Current

Channel 3 and 4: 2A Continuous Current
¢ Interleaved Operation
e Configurable, Multi-Functional GPIO Pin
e 12C and Configurable Parameters:

o Paralleling Channel 1 and 2
Paralleling Channel 3 and 4
Switching Frequency
Output Voltage
Over-Current and Over-Voltage
Protection Threshold
Power-On and Power-Off Sequencing
o Forced PWM or Auto-PWM/PFM

APPLICATIONS

e FPGA Power Supplies
e Multi-Rail Power Systems
e MCU/DSP Power Supplies

O O O O

O

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.

TYPICAL APPLICATION
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Note:

1) Maximum current per rail is subject to total package power
loss derating. See the Max P oss vS. Temperature Curve on
page 11 for the maximum allowed package power loss rating.
The total package power loss is determined as the sum of
power loss of all rails: P oss = (PLOSSl +Ploss2 + ... + PLossn),
where n represents the utilized number of rails.
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

ORDERING INFORMATION

. MSL
*
Part Number Package Top Marking Note Rating

MPM54304GMN-XXXX LGA-33 See Below

(7mmx7mm)

- - 2

MPM54304GMN-0000 LGA-33 See Below Pre programmeq output voltage or I°C

(7mmx7mm) adjustable
MPM54304GMN-0001 LGA-33 See Below Set output voltage with resistor divider

(7mmx7mm) 3
MPM54304GMN-0002 LGA-33 See Below Set output voltage wlth resistor divider;

(7mmx7mm) buck 1 & 2 in parallel
MPM54304GMN-0003 LGA-33 See Below Set output voltage with resistor divider;

(7mmx7mm) buck 3 & 4 parallel

LGA-33 Set output voltage with resistor divider;

MPM54304GMN-0004 (7Tmmx7mm) See Below buck 1 & 2, buck 3 & 4 in parallel

* -XXXX is the configuration code identifier for register settings stored in the MTP memory. For default configuration with an
12C programmed output voltage, the code is “0000”. See Tables 3 to 12 on page 42 for the detailed configuration information
and the register map of codes “0001” to “0004”.

TOP MARKING
MPSYYWW
MP54304

LLLLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP54304: Part number
LLLLLLLLL: Lot number

M: Module

M
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mps MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

PACKAGE REFERENCE

TOP VIEW
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

PIN FUNCTIONS

Pin # Name Description
1,32 VOUT3 |Channel 3 output.
2,5, 7,10, 13, GND Power ground. Connect to GND with wide copper plane and sufficient vias
16, 20, 21, 27, 33 9 : pper p :
3 SDA I2C data signal pin.
4 SCL I2C clock signal pin.
Feedback of buck 2. Connect buck 2’s output directly to this pin or through a
6 FB2 ! -
feedback resistor divider.
8,9 VOUT2 |Channel 2 output.
11 SW2 Buck 2 switching node. Connect to SW1 in parallel mode.
12 SW1 Buck 1 switching node. Connect to SW2 in parallel mode.
14, 15 VOUT1 |Channel 1 output.
17 SGND1 [Signal ground 1. Channel 1 and 2 output voltage feedback sense ground.
Feedback of buck 1. Connect buck 1’s output directly to this pin or through a
18 FB1 : L
feedback resistor divider.
Enable control. Apply a logic high voltage on this pin to enable the IC; pull
19 EN/SYNCI EN/SYNCI to logic low to disable the IC. The EN pin has a 2MQ internal pull-
down resistor. Apply a clock on EN/SYNCI to synchronize the switching
frequency to the external clock.
22,23 VOUT4 |Channel 4 output.
Feedback of buck 4. Connect buck 4’s output directly to this pin or through a
24 FB4 : -
feedback resistor divider.
Internal 3.3V LDO output. The driver and control circuits are powered from
25 VCC ; : . L
this voltage. Connect a 1uF decoupling capacitor to this pin.
General purpose input/output (GPIO) pin — ADD mode. When the MTP/I2C
configure this pin as “ADD,” the pin can program four different I12C slave
addresses.
General purpose input/output (GPIO) pin — PG mode. When the MTP/I2C
configure this pin as “PG,” it is the open-drain power good output. Pull low
when any enabled regulator falls below the UV threshold or when all
26 GPIO regulators are disabled.
General purpose input/output (GPIO) pin — Output Port mode. When the
MTP/I2C configure this pin as “Output Port,” it outputs high/low logics
determined by the related register. Open-drain structure.
General purpose input/output (GPIO) pin — SYNCO mode. When the
MTP/I2C configure this pin as “SYNCO,” it is the sync output. Phase-shift the
clock output to sync another device’s switching frequency.
28, 29 VIN Supply voltage input. Requires a ceramic capacitor to decouple the input rail.
30 SGND2 |Signal ground 2. Channel 3 and 4 output voltage feedback sense ground.
Feedback of buck 3. Connect buck 3’s output directly to this pin or through a
31 FB3 . .
feedback resistor divider.

MPM54304 Rev. 1.0
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

ABSOLUTE MAXIMUM RATINGS @

N ettt et e e -0.3V to +18V
VSWx ...................................................................
-0.6V (-7V for <10ns) to Vinx + 0.3V (22V for
<10ns)
T = G -0.3V to +6V @
GPIO, VCC, SCL, SDA......cccceeee... -0.3V to +4V
Continuous power dissipation (Ta = 25°C) @
.......................................................... 3.93wW
Junction temperature ..........cccccevveeeeieenennn. 150°C
Lead temperature ...........ccoeevvvvcinieeennennns 260°C
Storage temperature................ -65°C to +150°C
Recommended Operating Conditions ®
Input voltage (ViN) «.eevevvevmmmmmenenninininnns 4V to 16V
[2C-SEt VOUT «evveerreeiiieeiiie e 0.55V to 5.4V

External divider set Vour
............... 0.6V to 7V or Vin * Dwax if Vin < 7V
Operating junction temp (T;) ....-40°C to +125°C

Thermal Resistance © 6:;n @ic

JESDS51-7..ciiiiiiiiiieieeenn, 31.8..... 23...°C/IW
EVM54304-MN-00A .............. 31.8....14.4 .°C/W
Notes:

2) Exceeding these ratings may damage the device.

3) For the EN/SYNCI pin’s rating, see the Enable (EN/SYNCI)
description section on page 17.

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

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

6) Measured on JESD51-7, 4-layer PCB.

MPM54304 Rev. 1.0
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mP5 MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

ELECTRICAL CHARACTERISTICS
Vin = 12V, T; = -40°C to +125°C @, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max | Units
Supply current (no switching) N No switching, FB high, PFM 1500 | 2500 MA
Shutdown current In_sto [I1?C and MTP alive 40 80 MA
EN rising threshold VEN_R -25% | 1.21 |+25%| V
EN hysteresis VEN_F 150 mV
EN input current len Ven = 2V 1 MA
Frequency  SYNC input
range® fsyne 500 1600 | kHz
Adjustable by MTP, 0 0
Default frequency fsw register value: 0x0d D[7:6] = 01 -15% 800 | +15% | kHz
PG UV rising VpG_uv_R 88% | 92% | 97% | Vrer
PG UV falling VpG_uv_F 87% VRer
- MTP adjustable
© ,

PG rising delay e ROLY | o ister value: OxOe D[4:2] = 000 200 HS
PG falling delay ©) trc_F_DLY 50 MS
Power good, output port sink _ .
current capability VP sink | Sink 1ImA 0.4 \Y;

: To set I12C address 1, o
ADD pin voltage threshold 1 VapD_1 register value: 0x0e D[7:6] = 00 18% | Vecc

: To set I12C address 2, o
ADD pin voltage threshold 2 VapD_2 register value: 0xOe D[7:6] = 00 33% 45% | Vcc

. To set I°C address 3, 0 0
ADD pin voltage threshold 3 VapD_3 register value: 0xOe D[7:6] = 00 56% 71% | Vcc

. To set I°C address 4, 0
ADD pin voltage threshold 4 VADD_4a register value: 0xOe D[7:6] = 00 82% Vce
ADD pin input current labb | Vabp = 2V 0 MA
Frequency sync out range fsynco | Open-drain 500 1600 | kHz
Frequency sync out duty Dsvynco | Phase shift 180° from buck 1 50 %
VCC UVLO rising Vce r 2.8 3 3.2 \%
VCC UVLO hysteresis Vcc_Hys 100 mV
VCC voltage Vce Icc = 0mA 3.1 3.3 3.5 \Y
VCC voltage regulation Vee rG | lcc = OmA to 25mA 1 %
Thermal shutdown ©) Totp R 160 °C
Thermal hysteresis © THys 20 °C
Step-Down Regulator

- Adjustable by MTP,

VIN UVLO rising VINR | egister value: Ox0c D[2:1] = 01 45 v
VIN UVLO hysteresis VIN_HYs 600 mV
MPM54304 Rev. 1.0 www.MonolithicPower.com 6
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, T; = -40°C to +125°C @, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max | Units
Default output of buck 1,
Vee1 |register value: 0x02 D[7:0] = -1.5% 1 +1.5% Vv
00101101
Default output of buck 2,
Ves2  |register value: 0x05 D[7:0] = -1.5% 3.3 [+1.5% \%
10110111
Feedback voltage accuracy
Default output of buck 3,
Ves3s |register value: 0x08 D[7:0] = -1.5% 1.8 |+1.5% \%
01111101
Default output of buck 4,
Vrss | register value: 0x0b D[7:0] = -1.5% 15 |+1.5% \%
01011111
Buck 1, Buck 2
Adjustable by MTP,
Low-side current limit lus_valleyt | o ister value: 0x01 D[4:3] = 10 3.2 42 52 A
(source) | Adjustable by MTP, 5 3 4
LS_Valey2 | ragister value: 0x04 D[4:3] = 01
Low-side current limit (sink) lcL_pwmi -2 A
Minimum on time © ton_mINL 33 ns
Minimum off time ©® toFF_MINL 113 ns
Output OVP rising threshold | Vovei_n 115% | 120% | 125% | Vrer
Output OVP recovery 0
threshold VoveiL 114% VRer
((93)utput to discharge resistor | Rswi/Rs 45 0
W2
Soft-start time of buck 1 tss 1 |Vour = 10 to 90% 0.8 ms
Soft-start time of buck 2 tss B2 | Vour =10 to 90% 1.2 ms
Buck 3, Buck 4
Adjustable by MTP,
Low-side current limit ILs_valleys register value: 0x07 D[4:3] = 00 1.2 2 3 A
(source) | Adjustable by MTP, : 3 4
Lsvalleyt | register value: Ox0a D[4:3] = 01
Low-side current limit (sink) lcL_pwmz | Forced PWM mode, OVP, discharge -1.5 A
Minimum on time © ton_MIN2 31 ns
Minimum off time ©® torF_mIN2 133 ns
Output OVP rising threshold Vovpz_H 115% | 120% | 125% | VRrer
Output OVP recovery 0
threshold Vovez L 114% VRer
8utput to discharge resistor | Rsws/Rs 45 0
w4
Soft-start time of buck 3 tss B3 |Vour = 10 to 90% 0.8 ms
Soft-start time of buck 4 tss B4 |Vour =10 to 90% 0.7 ms
MPM54304 Rev. 1.0 www.MonolithicPower.com 7
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mps MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, T; = -40°C to +125°C @, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ’ Max ’ Units
I°C Interface Specifications (9

Input logic high Vi 14 \%
Input logic low Vi 0.4 Vv
Output voltage logic low Vour L |Sink 4mA 0.4 Vv
SCL clock frequency fscL 3.4 MHz
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 70 ns
Set-up time for repeated start | tsu.sta 160 ns
Hold time for repeated start tHD.sTA 160 ns

Bus free time between a start

and a stop condition teur 160 ns
Set-up time for stop condition | tsu.sto 160 ns
Rise time of SCL and SDA tr 10 300 ns
Fall time of SCL and SDA tr 10 300 ns
E;illfee width of suppressed tep 0 50 ns
ﬁ:naepacitance bus for each bus Ce 400 OF
SCL low time tLow 200 ns
Notes:

7) Not tested in production. Guaranteed by over-temperature correlation.

8) This function has limitations-only a SYNC IN close to the current system switching frequency can be used.
9) Guaranteed by engineering sample characterization.

10) Maximum I2C bus voltage should be lower than 4V. A 1.8V or 3.3V typical bus voltage is recommended.

MPM54304 Rev. 1.0 www.MonolithicPower.com 8
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mps MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, Voutw/zzia = 1/3.3/1.8/1.5V s fsw = 800kHZ, Ta = 25°C, unless otherwise noted.
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutw/zzia = 1/3.3/1.8/1.5V s fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current
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mps MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutwzzia = 1/33/18/15V, fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutwzzia = 1/33/18/15V, fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

Vou‘r/Ripple
10mV/div.

VOUT/RippIe
20mV/div.

VOUT/Ripple
20mV/div.

VOUT1 Ripple
lout = 3A, Voutr = 1V, CCM

v

MWM\MWWM“\]‘WWNM

.BN\\N

400ns/div.

VOUTL1 Ripple
lout = 0A, Voutr = 1V, DCM

v

NN

40ms/div.

VOUTL1 Ripple
lout = 3A, Vour = 3.3V, CCM

v

u
I w‘é’ W +
P N NN

400ns/div.

Vou‘r/Ripp|e
10mV/div.

VOUT/RippIe
20mV/div.

VOUT/RippIe
20mV/div.

VOUT2 Ripple
lout = 3A, Voutr =1V, CCM

Y

N TN J

400ns/div.

VOUT2 Ripple
lout = 0A, Vout =1V, DCM

v

L

100ms/div.

VOUT2 Ripple
lout = 3A, Vour = 3.3V, CCM

v

400ns/div.
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mps MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutw/zzia = 1/3.3/1.8/1.5V s fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

VOUT2 Ripple
lout = 0A, Vourt = 3.3V, Cout =47uF, DCM

VOUT1 Ripple
lout = OA, Vourt = 3.3V, Cout =47uF, DCM

v

e

e .NN\J\MN‘ VesrRpme DRMNMNM\H

10ms/div.

10ms/div.
EN On EN On |OUT1 =3A
Vour: = 3.3V Vour1 = 3.3V
ﬁ T
Vour1 / /
| g V, | 14
2vidiv. ; vidiv,
T—— —
10v/div. |2 ; ‘ 10\/%‘(/1 -
o i e !
svidv. | [ 5V/div.
lout : lour
2A/div. ZAldiv.
10ms/div. 10ms/div.
EN On EN On louts = 3A
Vour2 = 3.3V Vour2 = 3.3V
ﬁ ﬁ
/ f / !
VOUTZ | (L4 VOUT2 1
2V/div. ] 2V/div. ! y
w2 i /— w2 ]
10V/div. z - 10V/div. & : {
B ! EN |
EN | 5V/div.
5V/div. | |
lour2 | our2
2A/div. i 2A/div.
10ms/div. 10ms/div.
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutwzzia = 1/33/18/15V, fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

Vour1
2V/div.

SwWi1
10V/div.

PG
5V/div.

lout1
2A/div.

Vour1
2V/div.

lout1

5A/div.

Pre-Bias Start-Up

Vour1 = 3.3V
U

/ +
Vour2
2V/div.

I L]
SW2

z
i - 10V/div.
P PG
5V/div.
lout2
2A/div.
By

10ms/div.

SCP Entry and Recovery

IW
’ i
|
P / Vouri/Ripple
20mV/div.
B, 2A/div.

4ms/div.

Load Transient
lout2 = 1.5A to 3A, Vout2 =1V

v

Pre-Bias Start-Up
Vourz = 3.3V

=i

©J

%)

10ms/div.

Load Transient
lout1 = 1.5A to 3A, Vour1 = 1V

100ps/div.

Load Transient
louts = 1A to 2A, Vouts = 1V

v

o i a ' .
I 4 ! ¢
Vour2/Ripple WI Vours/Ripple i |
20mV/div. | 20mV/div.
[ i |
|ogT2 — 1A/div.
2A/div. B s
100ps/div. 100ps/div.
MPM54304 Rev. 1.0 www.MonolithicPower.com 14
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Voutw/zzia = 1/33/18/15V, fsw = 800kHZ, Ta = 25°C, unless otherwise noted.

Vour4/Ripple
20mV/div.

louta
1A/div.

VOUTZ/RippIe
20mV/div.

lout2
1A/div.

Vour4/Ripple
50mV/div.

louTa

1A/div.

Load Transient
louts = 1A to 2A, Vouts = 1V

Y

a

100us/div.

Load Transient
lout2 = 1.5A to 3A, Vour2 = 3.3V

Y

a

100ps/div.

Load Transient
louts = 1A to 2A, Vouas = 3.3V

v

£l

100ps/div.

Vouri/Ripple
20mV/div.

lout1
1A/div.

VQUTglRipple
50mV/div.

lous
1A/div.

Load Transient
lout: = 1.5A to 3A, Vour1 = 3.3V

v

L]

100us/div.

Load Transient
louts = 1A to 2A, VouTtsz = 3.3V

v

U

100ps/div.
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MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

FUNCTIONAL BLOCK DIAGRAM

Slew

Bias & Voltage
Reference

Refl |

Rate

1’c
Register

VIN

Bootstrap

Regulator

o s |E HS
n Driver |
Timer > T
2R . {1swi1
C Logic
FB1 Control L1 = 1pH
§ Comparator Ls j vouT1
rc—> [N P DLS _|
. river
SGND [ Ref0w—|- o
________________ AN — Current
Modulator
SGND == GND [
| VCC Reg/ | Buck 1: 0.55v = -
vee UVLO | tob5av _ _ _ _ _ _ _ _]
Buck 4 i
VIN [} I’C VID, 0.55V to Jj vouT4
5.46V ) FR4
Buck 2
12C VID, 0.55V to {1 VOUT2
5.46V
[ 1FB2
UVLO of VIN Buck 3
AGND
_E[] I>’C VID, 0.55V to 1 VOUT3
L 5.46V
! ] FB3
S00KHz & Feedback Loop, Current
VA (o] .
Limit, Mode, SS Control
 E— Control Logi 1.6MHz OSC d e
EN/SYNCIL ontor-ogie Phase Shift Logic
| T SYNC
Output
scL [ , _ °C Address -
1°C Register & MTP 1 GPIO
SDA Output FB1PG
T FB2 PG —
FB3 PG —
vce FB4PG —

Figure 1: Functional Block Diagram

MPM54304 Rev. 1.0

11/6/2019

www.MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2019 MPS. All Rights Reserved.

16



meSs

MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

ANALOG OPERATION

High-Efficiency Buck Regulators

The MPM54304 integrates four synchronous,
step-down DC/DC regulators that have built-in
soft start, compensation, and hiccup current
limit protection. Fixed-frequency, constant-on-
time (COT) control provides fast transient
response. The switching clock is locked and
phase-shifted from buck 1 to buck 4 during
CCM operation.

Power Supply and UVLO

When the input voltage exceeds the UVLO
rising threshold voltage, the corresponding buck
regulators powers up. It shuts down when the
input voltage is below the UVLO falling
threshold voltage. See the State Machine
Description section on page 32 for more details
about power-up.

Enable and Switching
Input (EN/SYNCI)

Frequency SYNC input (EN/SYNCI) is a digital
control pin that turns the regulator on and off.
Drive EN/SYNCI high to turn the regulator on;
drive it low to turn the regulator off. When
flaoted, EN/SYNCI is pulled low automatically
by an internal resistor.

Frequency SYNC

Connecting EN/SYNCI directly to a voltage
source requires limiting the amplitude of the
voltage source to <6V to prevent damage. A
resistor divider is required when pulling
EN/SYNCI up to a 12V supply.

For external clock synchronization, connect a
clock with a frequency range between 500kHz
and 1.6MHz to EN/SYNCI. Buck 1’s SW rising
edge will synchronize with the external clock
rising edge. Select an external clock signal with
a pulse width less than 1.7us. After
synchronization, the buck 1 to buck 4 phase
shift continues to follow the MTP definition. The
MPM54304’s default switching frequency
should be set close to the sync input’s
frequency. For example, when the external
SYNCI clock is 500kHz, the internal switching
frequency should be set at 533kHz via the 12C
or MTP. The I1°C and MTP function, including
the ADD pin function, is kept active when
EN/SYNCI is pulled low.

Thermal Shutdown

The MPM54304 features thermal shutdown by
internally monitoring the junction temperature of
the power module. If the junction temperature
exceeds the 160°C threshold, the power
modules shuts off. This is a non-latch
protection. There is a 20°C hysteresis. Once
the junction temperature drops below 140°C,
the device initiates a soft start.

Pre-Bias Start-Up

The MPM54304 has been designed for
monotonic start-up into pre-biased loads. If the
output is pre-biased to a certain voltage during
start-up, the internal BST voltage is refreshed
and charged. The voltage on the internal soft-
start capacitor is also charged. If the BST
voltage exceeds its rising threshold voltage and
the soft-start capacitor voltage exceeds the
sensed output voltage at the FB pin, the part
begins normal operation.

Power Good (PG)

The MPM54304 has power good (PG) register
bits (bits D4~D7 of the status register), which
indicate whether the enabled buck’s output
voltage is ready or not. When a buck’s
feedback voltage (Ves) is above 92% of the
reference voltage (Vrer), the corresponding
PGx bit in the status register is set to from 0 to
1 following a 200us default or other MTP-
programmed delay time. During normal
operation, the PGx bit is set to 0 when the
corresponding buck regulator falls below the UV
threshold with a 50us delay.

The MPM54304’s GPIO pin can be configured
as a dedicated PG pin output, as the wire and
output of the PG1 to PG4 signals (see Figure
2).

PG1

PG (GPIO Pin Configured to PG
PG2 Output)
PG3

PG4

Figure 2: GPIO Pin Configured to PG Output
Logic

If UVLO, EN/SYNCI = low, or over-temperature
protection (OTP) occurs, the PG pin is pulled

|

3

MPM54304 Rev. 1.0
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low immediately. If an over-current (OC)
condition occurs, the PG pin is pulled low when
Ves drops below 87% of Vger after a 50us
delay. The PG function does not indicate an
output over-voltage condition.

Output Over-Voltage Protection (OVP)

The MPM54304 monitors the output voltage. If
the output voltage exceeds 120% of the
regulation voltage for more than 2.5us, it enters
OVP discharge mode. In OVP discharge mode,
the low-side MOSFET (LS-FET) turns on and
remains on until the low-side current reaches
the negative current limit. This discharges the
output and tries to keep the output voltage
within the normal range. If the OV condition still
exists, the LS-FET turns on again after a fixed
delay to repeat the discharge behavior. The
part exits this discharge mode when Vg falls
below 114% of Vger.

If the input voltage exceeds 18V (the input OVP
threshold) during OVP discharge mode, the
MPM54304 stops switching until the input
voltage falls below 16V. Then the MPM54304
enters discharge mode again. This input OVP
function is only active during an output OV
condition.

The OVP function can be enabled or disabled
through the 1°C and MTP interface.

Output Discharge

In order to discharge the energy of the output
capacitor during the shutdown sequence, there
are discharge resistors (typically 45Q) from the

270°

SWx pin to ground. The discharge function can
be enabled or disabled through the I1°C and
MTP interface.

Soft Start

The MPMb54304 features a soft start (SS)
mechanism to ensure smooth output ramp-up
during power-up. When the part is enabled and
the BST voltage reaches its rising threshold, the
internal DAC outputs a ramp voltage (reference
voltage). The output voltage smoothly ramps up
with the reference voltage. When the DAC
output reaches the final voltage, it stops at that
level. At this point, soft start finishes and the
device enters steady state operation.

The start-up delay and soft-start slew rate are
both programmable via the MTP.

Out-of-Phase Operation and Clock SYNC
Out

Buck 1 to buck 4 are frequency-locked and
capable of phase shift. Phase shift is set to a
default (described below), but can also be
changed by the MTP. When the GPIO pin is
configured to “SYNC Out” mode, the
MPM54304 outputs a 180° phase shift from the
internal clock’s rising edge with a 50% duty
pulse (see Figure 3). This is an open-drain
output; an external 1kQ pull-up resistor should
be added. The SYNC Out signal disappears if
buck 1 to buck 4 all enter light-load sleep mode.
The SYNC Out signal is enabled after the
power-on sequence has completed.

90°  180°

Buck 1 | | |
I I I
| | |

Buck2 | I

I I

S E—

Buck 3 | | |
| | |

I I I

Buck 4 | | |

| | |
SYNC | | I
ouT | | |
|

Figure 3: Phase Shift Example

MPM54304 Rev. 1.0
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VCC Regulator

A 3.3V internal regulator powers most of the
internal circuitries. A decoupling capacitor is
needed to stabilize the regulator and reduce the
ripple. This regulator takes the Vi input and
operates in the full V\y range.

Over-Current Protection (OCP) and Short-
Circuit Protection (SCP)

The MPM54304 has valley current limit control.
The inductor current is monitored during the LS-
FET on state. When the sensed inductor
current exceeds the wvalley current limit
threshold, the device enters over-current
protection (OCP) mode. The HS-FET cannot
turn on until the current falls below the valley
current limit. Meanwhile, the output voltage
drops until it is below the under-voltage (UV)
threshold, which is typically 45% below the
reference.

If UV and OCP are both triggered, the
MPM54304 enters hiccup mode to periodically
restart the related power rail. The hiccup duty
cycle is very small to reduce power dissipation
during a short-circuit condition. During OCP, the
device tries to recover from the over-current
fault with hiccup mode. To do this, the chip

disables the output power stage, discharges the
soft-start capacitor, then automatically tries to
soft start again. If the over-current condition still
exists when soft start finishes, the device
repeats this operation. OCP a is non-latch
protection.

Parallel Output Mode

The outputs of the MPM54304 can be
connected in parallel to provide higher current.
Output 1 and output 2 can be paralleled to
provide up to 6A of current. Output 3 and output
4 can be paralleled to provide up to 4A of
current. It should be noted that the maximum
output current in parallel mode is also limited by
the total power dissipation.

Figure 18 shows the connections for parallel
mode operation (see page 41). To operate
output 1 and output 2 in parallel mode, connect
VOUT1 to VOUTZ2, and FB1 to FB2. To operate
output 3 and output 4 in parallel mode, connect
VOUT3 to VOUT4, and FB3 to FBA4.

All buck function commands follow buck 1 and
buck 3 in parallel mode. The phase delay
should be the same for buck 3 and buck 4 when
in parallel mode.

MPM54304 Rev. 1.0
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DIGITAL INTERFACE
MTP Program

The 1°C and MTP blocks become active once
the VCC pin’s voltage exceeds its 2V rising

threshold, no matter whether the EN pin’s
voltage is high or low. Figure 4 shows a
system-level application example.

vCC f i
Vin = AJ] ' LDO V. —1v
12v Buck 1 ouT1
VCC, VIN Buck
UVLO CoLrl:t:rol Vours = 3.3V SoC
Loaic Buck 4
2 SCL
& e I°C, Pre-Boost
MTP
SDA
GPIO/ ‘c
ADD Address MPM54304

Figure 4: I°C Start-Up Block

When VIN powers up and EN/SYNCI is pulled
high, the MPM54304 starts up with a “safe mode”
that allows the SoC to start up without damage. In

safe mode, only one or two power rails will turn on.

For example, Vour1 = 1V, Voura = 3.3V, other
power rails are off. The default buck 1 to buck 4
configuration is determined by the MTP e-fuse.

The MTP data is loaded into the corresponding
I2C registers during the first power-up. The I1°C
registers directly control the parameters of buck 1
to buck 4. The MTP load to I>C register conditions
are described below:

o Ve > 2V, first power-up.
e MTP programming has been completed.

Toggling EN/SYNCI on and off will not reload the
MTP registers into the 1°C registers again.

The I°C register and MTP table are correlated to
each other. The MTP table can be accessed
and programmed through the I°C interface. It
can be programmed two times.

After buck 1 and buck 4 power up, the SoC
programs the MPM54304 I°C register and MTP.
For details on how to identify a valid slave
address, see the 12C Bus Slave Address section
on page 30. When the SoC writes to the 12C
register, the 1°C register takes effect immediately.
It can also be burned into the MTP. The VCC
voltage (Vcc) rises up to 5.2V when the MTP is
programmed. In order to protect the device, buck

regulators are shut down when burning the MTP
e-fuse. After MTP programming is done, the buck
regulators start up sequentially. During normal
buck operation, the 12C master can read and write
the register’s data.

Safety Considerations for Writing MTP

Several protection items can reduce the failure
rate of MTP writing. Take the following steps
before writing the MTP registers:

Step 1: Set the MTP_Program bit to 1. The I°C
register will be locked to prevent write operation
until MTP programming finishes; the SoC can
read the I12C register during this period.

Step 2: Check the MTP burning power supply. If
it is above 5.1V, continue the MTP write;
otherwise, abort and unlock the I?°C write
protection.

Step 3: The MPM54304 can calculate the sum
of all related I1°C registers to be burned in the
MTP register, then generate a 16-bit checksum.
This is not a truly sum of all I°C registers, but an
arithmetic to combine all data. The checksum
result is also written to the MTP register.

After the MTP write operation finishes, there is
typically a 100ms delay. The MPM54304 then
sets the MTP_Program bit to 0, and the I°C
register write protection is unlocked. The SoC

MPM54304 Rev. 1.0
11/6/2019
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can read the I°C register; if the MTP_Program
bit goes to 0, it indicates that MTP programming
is done.

After the MTP write operation finishes, the SoC
can read the MTP register data to confirm that
the correct value is saved into the MTP
registers. If anything is wrong, the SoC will write
the MTP again.

During VIN power-up, before loading the MTP
data into the I12C register, the MPM54304 does
a checksum calculation for all related MTP
registers, then compares it with the checksum
byte. If they match, the MTP data is loaded into
the 12C register. Otherwise, the 1°C register uses
the hard-coded default value. There is an I°C
register flag bit to indicate whether there is a
checksum error.

MPM54304 Rev. 1.0
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MTP Table
REG
(0x) D[7] D[6] D[5] D[4] D[3] D[2] D[1] D[O]
Additional
40 Soft Start Delayl Phase Soft Start Timel
Delayl
Buck 1 Vout_Limit_ - VOUT_OVP Phase Delay VOUT_
41 EN1 Model Current Limitl CEN1 Selectl DIS_EN1
42 Vout_Selectl V_Refl
Additional
43 Soft Start Delay2 Phase Soft Start Time2
Delay2
Buck 2 Vout_Limit_ . VOUT_OVP Phase Delay VOUT_
44 EN2 Mode2 Current Limit2 CEN2 Select? DIS_EN2
45 Vout_Select2 V_Ref2
Additional
46 Soft Start Delay3 Phase Soft Start Time3
Delay3
Buck 3 Vout_Limit_ . VOUT_OVP Phase Delay VOUT_
47 EN3 Mode3 Current Limit3 EN3 Select3 DIS_EN3
48 Vout_Select3 V_Ref3
Additional
49 Soft Start Delay4 Phase Soft Start Time4
Delay4
Buck 4 A vout Limit_ | Current Limita VOUT OVP Phase Delay VOUT
EN4 _EN4 Select4 DIS_EN4
4B Vout_Select4 V_Ref4
System 4C EN1 EN2 EN3 EN4 UVLO OP_BIT
Shutdown_ 5
System 4D FREQ Delay EN I°C Slave Address
System 4E ADD_PG_OP_SYNCOUT PG_Delay ParZ"e'— Par?"e'—
System 4F MTP configure code. “Ox00” means standard MPM54304; “0x01” means MPM54304-0001 part number.
MTP revision number. The customer may need to update the MTP value from time to time, so the revision
System 50 :
number is stored here.
Checksuml of MTP register 0x40 to 0x50:
e When writing the I2C register data into the MTP, the MPM54304 does a checksum of all related 1°C
System 51 registers, and writes the result in this and the next byte.

e During power-up, the MPM54304 calculates and compares the MTP cell’'s data with the 0x51~0x52
registers’ content. If they match, MTP data is loaded into the I°C register; otherwise, the 1°C register
ignores the MTP data and uses the default setting.

System 52 Checksum?2 of MTP register 0x40~0x50.
MPM54304 Rev. 1.0 www.MonolithicPower.com 22
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Name Bit Default Description
Soft Start
Delayl = 01 The delay time between EN = high and the system being ready to buck Vour
starting to ramp up. Two bits can set four different values:
Soft Start D[5:4] = 00: Oms, time slot 0
_ Delay2 = 11 = Y '
gg‘;taSta” D[5:4] Y D[5:4] = 01: 1ms, time slot 1
Y Soft Start | p[5:4] = 10: 2ms, time slot 2
Delay3 =01 | p[5:4] = 11: 3ms, time slot 3
Soft Start | gee the Power-On Sequence section on page 33 for the time slot definition.
Delay4 = 10
Delayl =0
Additional Delay2 =0
Phase D[3] Set to 1 to add a 100ns phase delay for the buck high-side switch turn-on edge.
De|ay Delay3 =0
Delay4 =0
Soft-start slew rate setting bit of each buck regulator. The slew rate below is the
internal reference voltage slew rate. If the Vout_Select bit is set to 1, the Vour slew
rate is 2 times the value.
D[3:0] = 000: 2.67mV/us soft-start slew rate
D[3:0] = 001: 1.6mV/us soft-start slew rate
D[3:0] = 010: 1mV/us soft-start slew rate
D[3:0] = 011: 0.67mV/us soft-start slew rate
D[3:0] = 101: 0.25mV/us soft-start slew rate
Soft Start D[3:0] = 110: 0.167mV/us soft-start slew rate
Timel=010 | D[3:0] = 111: 0.1mV/us soft-start slew rate
Soft Start Available soft-start time vs. the Vour voltage:
Time2 = 011
Soft-Start . - i .
e D[2:0] Soft Start Soft-start time (ms):
Time3 = 001 3 Slew Rate | Vour= | Vour = Vour= | Vour= | Vour= | Vour =
Bits (mV/us) 5V 3.3V 2.5V 1.8V v 0.6V
Soft Start
Time4 = 001 000 2.67 0.6 0.4 0.3 0.7 0.4 0.2
001 1.6 1.0 0.7 0.5 11 0.6 0.4
010 1 17 1.1 0.8 1.8 1.0 0.6
011 0.67 25 1.6 1.2 2.7 15 0.9
100 0.4 4.2 2.8 2.1 45 25 15
101 0.25 6.7 4.4 33 7.2 4.0 24
110 0.167 10.0 6.6 5.0 10.8 6.0 3.6
111 0.1 16.7 11.0 8.3 18.0 10.0 6.0
Vout_Limit_
EN1=1
Vout_Limit_ | This bit limits the maximum output voltage of each power rail.
Vout_Limit D[7] EN2=0 D[7] = 0: The maximum output voltage has no limit. It depends on the I>)C Vour
_EN Vout_Limit_ | setting, maximum duty cycle, or absolute voltage limit.
EN3=0 D[7] = 1. The maximum output voltage is limited to 1.830V (FB pin voltage).
Vout_Limit_
EN4=0

MPM54304 Rev. 1.0
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Model =1
Mode2 = 1 Selects the mode (auto-PFM/PWM mode or forced PWM mode).
Mode D[6] Modes =1 | DI61=0: Auto-PFM/PWM mode
B D[6] = 1: Forced PWM mode
Mode4 = 1
Current o
Limitl = 10 | Sets the current limit of buck 1 to buck 4.
Current D[5:4] = 00: 2A valley current limit for 1A output current application
Current Limit2 = 10 | D[5:4] = 01: 3A valley current limit for 2A output current application
Limit D[5:4] D[5:4] = 10: 4.2A valley current limit for 3A output current application
L_Cl_lgengl D[5:4] = 11: 5A valley current limit for 4A peak output current application
imit3 =
Note: For buck 3 and buck 4, a 4.2A or 5A valley current limit is not available;
Current D[5:4] = 10 or 11 are both invalid.
Limit4 = 01
Phase Delay
Selectl =01
Phase Delay Sets the phase delay.
Phase Select2=10 | 00: 0° delay
Delay D2 | e Delay | O 90° delay
Select Sef‘;CeB ff{ 10: 180° delay
B 11: 270° delay
Phase Delay
Select4 = 00
VOUT_OVP_
EN1=1
VOUT VO;JZ—S\{P— Enable bit of buck 1 to buck 4’s output over-voltage protection (OVP) function.
OVP_EN D3l VOUT ovp | DI3] = 0: Disable OVP function
EN3=1 D[3] = 1: Enable OVP function
VOUT_OVP_
EN4=1
VOUT_DIS_
EN1=1
VOUT VOELI{ITz_EIlS_ Enable bit of buck 1 to buck 4’s output discharge function.
DIS_ET\I D[] VOUT DIS D[3] = 0: Disable discharge function
EN3=1 D[3] = 1: Enable discharge function
VOUT_DIS_
EN4=1
Vout_Selectl
=0 Selects the internal feedback divider ratio.
Vout_Select2 | p7] = 0: The FB voltage is fed directly to the error amplifier. The FB voltage is
Vout_ D[7] =1 equal to the reference voltage
Select Vout Select3 | DI7]1 = 1. The FB voltage is divided by 1/3, then compared with the reference
=1 voltage. The FB voltage is equal to 2 times the reference voltage
Vout Selecta | Note: If the AVS function is used, the D[7] bit will be set at 0.
=1

MPM54304 Rev. 1.0
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V_Refl =
Lv Sets the internal reference voltage, from 550mV to 1.82V, 10mV per step. The
V_Ref2 = | voltage slew rate is fixed at 2mV/us.
V Ref D[6:0] 3.3V D[6:0] = 000 0000: 550mV
- V_Ref3 = | D[6:0] = 000 0001: 560mV
1.800V
V_Refd = D[6:0] =111 1111: 1.82V
2.5V
EN1=1
EN2 = 1 Enable bit of each buck regulator.
EN1, EN2, D[7:4]
EN3, EN4 : EN3 =1 1: Enabled
0: Disabled
EN4=1
Sets the input UVLO threshold of VIN.
) 00: UVLO rising threshold is 3.5V
UVLO D[2:1] | D[2:1] =01 | 01: UVLO rising threshold is 4.5V
10: UVLO rising threshold is 5.8V
11: UVLO rising threshold is 8.5V
When the ADD_PG_OP_SYNCOUT bit is set to 10, pin 20 is configured as a GPIO
output port. OP_BIT sets the output port as logic high or low. This bit is only valid
OP BIT D[0] D[0] = 0 when ADD_PG_OP_SYNCOUT = 10.
0: Pin 20 pulls low, with certain resistance
1: Pin 20 is an open drain
Frequency of the buck regulator. The buck 1 to buck 4 switching frequency is
always the same; the device cannot support a different frequency from buck 1 to
D[7:6] = buck 4.
FREQ D[7:6] | 01:800kHZ | 761 = 00: 533KHzZ
D[7:6] = 01: 800kHz
D[7:6] = 10: 1060kHz
D[7:6] = 11: 1600kHz
The MPM54304 offers two kinds of shutdown sequence when EN goes low. In the
first sequence, buck 1 to buck 4 shut down at the same time. In the second
Shutdown sequence, buck 1 to buck 4 shutdown follows the reverse of the power-on
Delay EN D[S] D[5] =1 sequence. See the Shutdown Sequence section on page 35 for more details.
D[5] = 0: Shutdown at the same time
D[5] = 1: Shutdown sequence is the reverse of the power-on sequence
I2C SLAVE D[4:0] D[4:0] = Sets the A5 to Al bits of the slave I12C address. See the I12C Bus Slave Address
ADDRESS ' 01000 section on page 30 for more details.
Sets pin 20’s function.
D[7:6] = 00: Pin 20 is configured as an ADD pin, which can set the I>)C slave
address
ADD PG OP D[7:6] = 01: Pin 20 is configured as a PG pin, which indicates the buck regulator’s
— P : ‘6] = ower status
_ SYNCOUT D[7:6] | D[7:6]=01 | P

D[7:6] = 10: Pin 20 is an OP pin (GPIO output port), and works in output mode.
This mode is an open-drain structure with logic controlled by the I12C register bit.
OP_BIT sets the default status

D[7:6] = 11: Pin 20 is configured as SYNC Output. It outputs a clock signal to sync
with the downstream device’s switching frequency. Open-drain structure

MPM54304 Rev. 1.0
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Sets the PG delay timer:
D[4:2] = 000: 0.2ms
PG_Delay D[4:2] <1~ | 001: 5ms
000 010: 25ms
011: 75ms
100: 200ms
Sets buck 3 and buck 4 to work in parallel mode. Use FB3 as the feedback pin.
Default value is 0. After entering parallel mode, buck 4's I2C/MTP register is invalid.
Parallel_2 19 D[1] 0 The current limit is double buck 3’s register setting.
0: Non-parallel mode
1: Parallel mode
Sets buck 1 and buck 2 to work in parallel mode. Use FB1 as the feedback pin.
Default value is 0. After entering parallel mode, Buck 2’s I2°C/MTP register is invalid.
Parallel_1 @9 D[0] 0 The current limit is double buck 1’s register setting.
0: Non-parallel mode
1: Parallel mode
Note:

11) The parallel mode must be programmed before pulling the EN/SYNCI pin to logic high.

MPM54304 Rev. 1.0
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Vrer1 t0 Vrers, Reference Voltage Truth Table

D[6:0] Vrer (MV) D[6:0] Vrer (MV) D[6:0] VRer (MV)
0000000 550 0101011 980 1010110 1410
0000001 560 0101100 990 1010111 1420
0000010 570 0101101 1000 1011000 1430
0000011 580 0101110 1010 1011001 1440
0000100 590 0101111 1020 1011010 1450
0000101 600 0110000 1030 1011011 1460
0000110 610 0110001 1040 1011100 1470
0000111 620 0110010 1050 1011101 1480
0001000 630 0110011 1060 1011110 1490
0001001 640 0110100 1070 1011111 1500
0001010 650 0110101 1080 1100000 1510
0001011 660 0110110 1090 1100001 1520
0001100 670 0110111 1100 1100010 1530
0001101 680 0111000 1110 1100011 1540
0001110 690 0111001 1120 1100100 1550
0001111 700 0111010 1130 1100101 1560
0010000 710 0111011 1140 1100110 1570
0010001 720 0111100 1150 1100111 1580
0010010 730 0111101 1160 1101000 1590
0010011 740 0111110 1170 1101001 1600
0010100 750 0111111 1180 1101010 1610
0010101 760 1000000 1190 1101011 1620
0010110 770 1000001 1200 1101100 1630
0010111 780 1000010 1210 1101101 1640
0011000 790 1000011 1220 1101110 1650
0011001 800 1000100 1230 1101111 1660
0011010 810 1000101 1240 1110000 1670
0011011 820 1000110 1250 1110001 1680
0011100 830 1000111 1260 1110010 1690
0011101 840 1001000 1270 1110011 1700
0011110 850 1001001 1280 1110100 1710
0011111 860 1001010 1290 1110101 1720
0100000 870 1001011 1300 1110110 1730
0100001 880 1001100 1310 1110111 1740
0100010 890 1001101 1320 1111000 1750
0100011 900 1001110 1330 1111001 1760
0100100 910 1001111 1340 1111010 1770
0100101 920 1010000 1350 1111011 1780
0100110 930 1010001 1360 1111100 1790

MPM54304 Rev. 1.0
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0100111 940 1010010 1370 1111101 1800
0101000 950 1010011 1380 1111110 1810
0101001 960 1010100 1390 1111111 1820
0101010 970 1010101 1400

Output Voltage Setting

FB1 to FB4 are the output voltage feedback
pins. The FB pin can be directly connected to
the buck output or the resistor divider network
to get a higher output voltage.

If connecting FB directly to Vour, then for buck 1,
the I1°C bit Vout_Selectl can set FB1 = Refl or
FB1 = 3 x Refl. The Refl voltage range is
0.55V to 1.82V (see the Reference Voltage
Truth Table above). After setting the
Vout_Selectl bit to 1, the buck 1 output voltage
range becomes 1.65V to 5.46V.

For better load transient response, set Vger t0 a
lower value and use a feedback resistor divider
to set the final Vour. In this case, a feed-forward
capacitor can be added to sense the Vour
change more quickly. Figure 5 shows a similar
feedback configuration to this operation, but
without AVS.

If connecting FBX to the resistor divider network
(using buck 1 as an example), the I12C bit

Buck 1 Vout

Vout_Selectl = 0 can set FB1 to equal Refl.
The Refl voltage range is 0.55V to 1.82V (see
the Reference Voltage Truth Table above).
Calculate the buck 1 output voltage with
Equation (1):

R1+R2
R2

If using a resistor divider, the AVS function is
supported. The direct Vour-to-FB path should
be cut off.

Voi = X Veer (1)

If the AVS function is chosen, set Vout_Select =
0.

During I°C DVS, the voltage change slew rate is
2.6mV/us when Vout_Select = 0. The slew rate
is 7.8mV/us when Vout_Select = 1.

The Vout_Limit_EN bit can clamp the maximum
output voltage to 1.830V (for the FB voltage,
blank the Vout Select bit). The absolute
maximum output voltage is limited to 7V or the
maximum duty cycle.

Ramp

J_ Vout_Selectl

Figure 5: Output Voltage Setting
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I2C Register Map

Fz;((); RIW D[7] D[6] D[5] D[4] D3] o2l | o D[O]
Additional .
00 RW Soft Start Delayl Phase Delay1 Soft Start Timel
Vout_Limit_ o VOUT_OVP_ Phase Delay VOUT_
Buck 1 01 RW ENL Model Current Limitl EN1 Selectl DIS_EN1
02 | RW VO“t—lse'em V_Refl
03 R/W Soft Start Delay2 Additional Soft Start Time2
Phase Delay2
Vout_Limit_ - VOUT_OVP_ Phase Delay VOUT _
Buck 2 04 RW END2 Mode2 Current Limit2 EN2 Select2 DIS_EN2
05 | RW VOUI—ZSQ'QCI V_Ref2
06 | rRW Soft Start Delay3 Additional Soft Start Time3
Phase Delay3
Vout_Limit_ - VOUT_OVP_ Phase Delay VOUT_
Buck 3 07 RW EN3 Mode3 Current Limit3 EN3 Select3 DIS_EN3
08 | RW V°“t—3se'e°t V_Ref3
Additional .
09 RW Soft Start Delay4 Phase Delay4 Soft Start Time4
Vout_Limit_ - VOUT_OVP_ Phase Delay VOUT_
Buck 4 0A R/W ENA Mode4 Current Limit4 ENA Selectd DIS_EN4
B | rRW V°“t—4$e'e°t V_Ref4
System ocC RW EN1 EN2 EN3 EN4 UVLO OP_BIT
FREQ
System | oD | RW (533kHz/800kHz/ %‘e‘fg")"g"\l— I2C Slave Address
1.06MHz/1.6MHz2) Y-
ADD_PG_OP_SYNCO MTP_ Parallel | Parallel 1
System OE RW UT Program PG_Delay oy an
System OF RIW MTP configure code. “Ox00” means standard MPM54304; “0x01” means MPM54304-0001 part
number.
System 10 RW MTP revision number. The customer_ may need to_update the MTP value from time to time, so the
revision number is stored here.
System 11 W MTP Program Password
Status 12 R PG1 PG2 ‘ PG3 ‘ PG4 OT Warning OTP ‘ |
System 13 R Vendor ID (1000) Ch?:(f;;um Current MTP Page Index
Note:

12) The parallel_1 and parallel_2 bits only take effect during
EN/SYNCI pin turn-on. After EN/SYNCI is turned on, change
those bits will not change the parallel mode.

Description of Register Bits The I2C register’s default value is determined by
Most of the register bits share the same MTP the MTP table.

table description. The sections below only list Reset condition of all registers: All I2C registers
the description of different register bits. are reset by the VCC under-voltage lockout
MPM54304 Rev. 1.0 www.MonolithicPower.com 29
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(UVLO). The power-on sequence begins once temperature protection) will not reset the 1°C
VIN UVLO is released. An OTP (over- register.

1. REG “Ox0E” System

Name Bits | Description

The default value of this bit is 0. Once D[5] is set to 1, the I°C register’s data burns to the MTP
table. Once the system starts to burn the I12C register’s data to the MTP table, the I°C register
MTP_Program | D[5] | write operation is locked (NACK). The read operation is not locked until the MTP write operation
finishes (typically 100ms). Then the system auto-sets D[5] = 0, and waits for the next MTP burn
command. The Current MTP Page Index adds 1 after MTP programming is complete.

2. REG “0x11” System

Name Bits | Description
MLZSZL?/g:gm D[7:0] | To access the MTP_Program bit, the correct password must be entered into this register.
3. REG “0x12” Status
Name Bits | Description
Power good indicator for buck 1.
PG1 DI7] | 1: Power good
0: Power not good
PG2 D[6] | Power good indicator for buck 2. These bits
— always reflect
PG3 D[5] | Power good indicator for buck 3. the current
PG4 D[4] | Power good indicator for buck 4. state of the
device.
. Die temperature early warning bit. When the bit is high, the die temperature is
OT Warning D[3] above 120°C.
OT Protection D[2] | Over-temperature indication. When this bit is high, the IC is in thermal shutdown.

4. REG “0x13” System

Name Bits | Description

D[3] = 1: The current MTP page has a CRC or checksum error
Ch?:?ksum p[3] | DI3]=0: The MTP's data passes the CRC check

ag
The checksum flag only works after the IC has burned the MTP; otherwise, this bit is always high.

D[2:0] stores the current MTP page index information.

cl:au”enlt '\é'TP D[2:0] | 000: Default page (there are three pages that can be used)
age Index 001: First page
011: Third page

I’C Bus Slave Address The final slave address is determined by both the
The slave address is 7 bits, followed by an 8th ADD pin and the I°C register setting. However,
data direction bit (read or write). the ADD pin has higher priority, which means it

can override the I°C register’s setting.
There are two ways to program the I°C slave

address. The first is to use the external GPIO Details on both methods of programming the I’C
when it is configured as an ADD pin. The second slave address are described below.
is to use the I1°C/MTP register.

Use the ADD Pin to Set the I°C Slave The GPIO pin is a multi-function pin. It can be
Address configured as ADD, PG, OP, or SYNCOUT
MPM54304 Rev. 1.0 www.MonolithicPower.com 30
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through the 1°C or MTP. If pin 26 is configured
as an ADD pin, then this pin can be used to
program four different slave addresses. A
resistor divider from VCC to GND can get an
accurate reference voltage. Connect the ADD

pin to this reference voltage to set a different
I°C address. The internal circuit changes the I1°C
address accordingly. Table 1 shows the four
voltage thresholds for four I°C addresses, and
the recommended setting resistor.

Table 1: I°C Slave Address Setting by ADD Voltage

2
ADD Upper Lﬁl\?er I°C Address
ADD Voltage Resistor R1 Resistor
Binar Hex
(kQ) R2 (kQ) y
<18% of Vcc No connect 100 1101 000 68H
33% of Vcc to
45% of Vec 500 300 1101 001 69H
56% of Vcc to
71% of Vee 300 500 1101 010 6AH
No
>82% of Vcc 100 1101 011 6BH
connect

Use I12C or MTP to Set the I2C Slave Address

The MPM54304 still offers a programmable I°C
slave address via the I°C or MTP.

The I°C register REGOD D[4:0] or MTP REG4D
D[4:0] can program A5, A4, A3, A2, and Al bits
(see Table 2).

Table 2: I°C Slave Address Setting by I°C or MTP

A7

A6 A5 A4 A3

A2

Al

Setting Value

1 0@ 112 0@

0@

02

Note:
13) These bits are programmable by the MTP e-fuse or I°C register.

By default, the slave address is 0x68, A[7:1] =
1101 000.

When the I?)C register’'s slave address bits are
changed, the new address takes effect
immediately. The I°C master should use the new
slave address to continue communication.

MPM54304 Rev. 1.0
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POWER CONTROL

State Machine Diagram of Buck Switchers

VIN < UVLO Falling
Threshold

Thermal Shutdown or
EN=0

Disable power-on factor
detection

- >~
Ve
PG switches  / Power-Off
low ', Sequence ,’
~ e

~ —

Detect power-

off factor __—~—"PG switches
high

Power Off

Power On

VIN > UVLO Rising

Detect power-on
factor

g - DC/DC turns on

- ~
7

Power-On * - .
\/ S ) sequentially depending
N Equence// on the I°C register setting

~ -

Figure 6: Power Control State Machine Diagram

State Machine Description
The state machine has the following statuses:

Shutdown

The PMIC’s EN/SYNCI pin is pulled low. All of
the PMIC’s switcher functions are disabled, but
the 1°C and MTP are live as long as the input is
above the UVLO threshold.

No Supply

The PMIC’s input pin has a UVLO detection
circuit. If input voltage VIN is below the UVLO

rising threshold, all PMIC functions are disabled.

Power Off

All buck regulators are turned off. In this state,
the PMIC is always monitoring the power-on
factor. Once a power-on factor is detected, it
changes to the power-on sequence state.

Power-On Sequence

Buck 1 to buck 4 turn on sequentially, according
to the order programmed by the MTP e-fuse. If
a power-off factor is detected during the power-
on sequence, the PMIC returns to its power-off
state.

Power On

Buck 1 to buck 4 are turned on. The PG output
switches high. In this state, the PMIC is always
monitoring the power-off factor.

Power-Off Sequence

The PMIC changes to this state when it detects
a power-off factor in the power-on state. Buck 1
to buck 4 either turn off sequentially in the
reverse order of the power-on sequence, or turn
off at the same time, depending on the
Shutdown_Delay EN bit’s setting.

MPM54304 Rev. 1.0
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Power-On Factors
The PMIC has the following power-on factors:

EN/SYNCI Pin

If the EN/SYNCI pin is pulled high, the system
changes from its power-off state to the power-
on sequence. The related EN bit determines
each buck’s on or off state.

Thermal Recovery
The part may be in its power-off state due to the

die temperature exceeding the thermal
protection  threshold. Once the die’s
temperature decreases, the PMIC enters the
power-on sequence again.

Power-On Sequence

There are four slots for power-on sequence
timing. All buck regulators can be programmed
with 0 to 2 time slots by the MTP e-fuse (see
Figure 7).

Time Slot Number @ @ @ 0 |
VINL, | | I | | |
VINZ, ! | | | |
vee | /] | | | |
| | |
I R |
o |
| ] | | |
| All registers antd MTP'are enJibIed |
Ee | | | | | |
Interface | | | | | |
= Co |
DCIDC | | vAVEVE |
OQutputs || | | | |
| | l-1ms=f—1ms lms—-{ |
PG : : fe—200ps—
I
|

Shutdown Power off—>|<—Power-On Sequence
NO Supply
I

| Power On |

Figure 7: Power-On Sequence

Buck Regulators Turn On

The MPM54304 provides a programmable
power-on sequence. The MTP configuration
tables on page 42 have bits to set the time slot
number (start-up delay timer) for each channel.
The default power-on sequence is shown in the
default MTP configuration table (see page 42).

Power-Off Factor

EN/SYNCI Pin Hardware-Initiated Power-Off
The MPM54304 supports controlled power-off
the through the EN/SYNCI pin. When the

EN/SYCNI pin is pulled low, the system enters
the power-off sequence.

MPM54304 Rev. 1.0
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Power-Off Sequence

Time Slot Number
VINZ,

I
VINZ,
VCC :

EN

EN tum-on si

el
T
| I

@
|
|

o —
<
Iy
(O/

ignal is blanke
1
|
|

DC/DC
Outputs

PG

1

I
Power On: I
|
I

______15_7
______3_7
______1_7__

Power-Off Sequence:

Power Off No Supply

Figure 8: Power-Off Sequence when Shutdown_Delay EN =1

PG is pulled low before the device starts to turn
off. The DC/DC power-off sequence is in the
reverse order of the power-on sequence when
Shutdown_Delay EN is setto 1.

In order to fully discharge the output voltage,
the EN signal is blanked during the power-off

Time Slot Number
VIN1,

sequence period. Within this power-off
sequence period, the MPM54304 continues
working in output discharge mode regardless of
whether the external EN/SYNCI pin is pulled
high or low.

VINZ,

|
i
vee : |

-

EN blanked

EN tum-on function i

’

I
I

-\

All DC/DC
Outputs

PG

Power Off-

I
I Power On: I Power-Off Sequence—>| — ~1No Supply
| I
| I
Figure 9: Power-Off Sequence when Shutdown_Delay EN =0
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All the DC/DC outputs power off at the same
time when Shutdown_Delay EN is set to O.

MPM54304 — QUAD-OUTPUT POWER MODULE WITH I°C

falling threshold or the IC is over-temperature,
the PMIC enters the shutdown sequence
immediately. All the DC/DC regulators turn off

Shutdown Sequence at the same time (see Figure 10).

When the input voltage is below the UVLO

Detect shutdown
event \
I

DC/DC1

DC/DC4
K

PG

I
[
Figure 10: Shutdown Sequence

Thermal Warning and Shutdown

Thermal warning and shutdown prevent the part
from  operating at  exceedingly high
temperatures. When the silicon die temperature

If the die temperature exceeds 160°C, the
system begins the shutdown sequence. When
the temperature recovers to 140°C, the
regulator begins the power-on sequence again.

exceeds 120°C, the MPM54304 sets the OT
WARNING bit to 1.
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12C INTERFACE

I2C Serial Interface Description

The I1°C is a two-wire, bidirectional serial
interface, consisting of a data line (SDA) and a
clock line (SCL). The lines are externally pulled
to a bus voltage when they are idle. Connecting
to the line, a master device generates the SCL
signal and device address, then arranges the
communication sequence. The MPM54304
interface is an 1°C slave. The I°C interface adds
flexibility to the power supply solution. The
output voltage, transition slew rate, and other
parameters can be instantaneously controlled
by the I°C interface.

Data Validity

One clock pulse is generated for each data bit
transferred. The data on the SDA line must be
stable during the high period of the clock. The
high or low state of the data line can only
change when the clock signal on the SCL line is
low (see Figure 11).

SDA ‘

Data line | Change |
Stable; | ofdata |
Data valid | allowed |

Figure 11: Bit Transfer on the I°)C Bus

The start (S) and stop (P) commands are
signaled by the master device, which signifies
the beginning and the end of the 12C transfer. A
start condition is defined as the SDA signal
transitioning from high to low while the SCL is
high. A stop condition is defined as the SDA
signal transitioning from low to high while the

[N
SCL m---w-- SCL

Start Condition Stop Condition

Figure 12: Start and Stop Conditions

Start and stop conditions are always generated
by the master. The bus is considered to be
busy after a start condition. The bus is
considered to be free again a minimum of 4.7us

after a stop condition. The bus stays busy if a
repeated start (Sr) is generated instead of a
stop condition. The start and repeated start
conditions are functionally identical.

Transfer Data

Every byte put on the SDA line must be 8 bits
long. Each byte has to be followed by an
acknowledge (ACK) bit. The acknowledge-
related clock pulse is generated by the master.
The transmitter releases the SDA line (high)
during the acknowledge clock pulse. The
receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains
stable low during the high period of this clock
pulse.

Figure 13 shows the format that data transfers
follow. After the start condition, a slave address
is sent. This address is 7 bits long, followed by
an 8th data direction bit (R/W). A 0O indicates a
transmission (write), and a 1 indicates a request
for data (read). A data transfer is always
terminated by a stop condition generated by the
master. However, if a master still wishes to
communicate on the bus, it can generate a
repeated start condition and address another
slave without first generating a stop condition.

1
[ [
[ [
[ [
[ [
Lo B B - Lo
scLy ! 1To7 8 9 1To7 8 9 1To7 8 9 -
1 s 1 el
18 PP
[ S I  — | [ JIL_ ) i
Start Address RW  ACK DATA ACK DATA ACK Stop
Condition Condition

Figure 13: A Complete Data Transfer

The MPM54304 includes a full 1°C slave
controller. The 12C slave fully complies with the
I2C specification requirements. It requires a
start condition, a valid 1°C address, a register
address byte, and a data byte for a single data
update. After receipt of each byte, the
MPM54304 acknowledges by pulling the SDA
line low during the high period of a single clock
pulse. A valid I1°C address selects the
MPM54304. The MPM54304 then performs an
update on the falling edge of the LSB byte.

Figure 14 shows examples of an I1°C write and
read sequence.

MPM54304 Rev. 1.0
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8 hits 8 hits 8 hits

/4 A N A N A A
| S | Slave Address | WR | A | Register Address K | A | Write Data | A| P |

I:I Master to Slave A = Acknowledge (SDA = Low) S = Start Condition WR Write = 0

D Slave to Master NA = NOT Acknowledge (SDA = High) P = Stop Condition RD Read =1

Figure 14a: 1°C Write Example — Write Single Register

8 bits 8 bits 8 bits
A PN A
I N |4 N A
| S | Slave Address | WR | A | Register Address K | A | Write Data K | A | Write Data K + 1 | A [®°°*| Write DataK+N | A | P |
N J
Multi-byte write executed from current register location (the
read-only register will be skipped)
l:’ Master to Slave A = Acknowledge (SDA = Low) S = Start Condition WR Write = 0
l:, Slave to Master NA = NOT Acknowledge (SDA = High) P = Stop Condition RD Read =1

Figure 14b: I°C Write Example — Write Multi-Register

8 bits 8 bits 8 bits 8 bits
A A A A
( N N 4 N A
S | Slave Address | WR | A | Register Address K | A| Sr | Slave Address | RD | A | Read Data K | NA | P |
N A J
Y Y
Register address to read specified Read register data from current register location
I:I Master to Slave A = Acknowledge (SDA = Low) S = Start Condition Sr = Repeat
. Start Condition
I:I Slave to Master NA = NOT Acknowledge (SDA = High) P = Stop Condition

Figure 14c: I°C Read Example — Read Single Register

WR Write = 0
RD Read =1

MPM54304 Rev. 1.0
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APPLICATION INFORMATION

Internal Inductor

Fixed inductors in the module are 1pH
(channels 1 and 2) and 2.2uH (channels 3 and
4).

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
AC current to the converter while maintaining
the DC input voltage. Use low-ESR capacitors
for the best performance. Ceramic capacitors
with X5R or X7R dielectrics are recommended
because of their low ESR and small
temperature coefficients. For most applications,
a 22uF capacitor is sufficient.

Since C1 absorbs the input switching current, it
requires an adequate ripple current rating. The
RMS current in the input capacitor can be
estimated with Equation (2):

_ Vour [1_Vour 2
ICl_ILomXTNXlTN ()

The worst-case condition occurs at Vin = 2Vour,
calculated with Equation (3):

|
ey = LOZAD 3)
For simplification, choose an input capacitor
with an RMS current rating greater than half of
the maximum load current.

The input capacitor can be electrolytic, tantalum,
or ceramic. When using electrolytic or tantalum
capacitors, add a small, high-quality ceramic
capacitor (e.g. 0.1yF) as close to the IC as
possible. When using ceramic capacitors,
ensure that they have enough capacitance to
provide sufficient charge to prevent excessive
voltage ripple at the input. The input voltage
ripple caused by the capacitance can be
estimated with Equation (4):

IOUT % VOUT % (1_ VOUT) (4)
\%

IN

AV, =
" xCy V.

IN

Selecting the Step-Down Regulator
Output Capacitor

The output capacitor for the step-down
regulator maintains the DC output voltage. Use
ceramic, tantalum, or low-ESR electrolytic

capacitors. For best results, use low-ESR
capacitors to keep the output voltage ripple low.
The output voltage ripple can be estimated with
Equation (5):

fVom x(1—ﬁ)x(RESR +;) (5)
SW XL \/IN 8><fSW ><C:OUT

AVOUT =

Where L; is the inductor value, and Resr is the
equivalent series resistance (ESR) value of the
output capacitor.

For ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency and causes the majority of the output
voltage ripple. For simplification, the output
voltage ripple can be estimated with Equation

(6):

AV, = ZYOUT x(1— Vour ) (6)
8xfsy” xLxCqyr Vin

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be estimated with Equation (7):

Vour x (1— \<(/)UT )xRegr 7)

xL N

AVOUT = f

Sw

The characteristics of the output capacitor also
affect the stability of the regulation.
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PCB Layout Guidelines @

Efficient PCB layout is critical for stable
operation. A 4-layer layout is recommended to
achieve better thermal performance. For best
results, refer to Figure 15 and follow the
guidelines below:

1.
2.

10.

Keep the power loop as small as possible.

Use a large ground plane to connect directly
to PGND. If the bottom layer is a ground
plane, add vias near PGND.

Ensure the high-current paths at GND and
VIN have short, direct, and wide traces.

Place the ceramic input capacitor as close
to the device as possible.

Keep the input capacitor and IN as short
and wide as possible.

Place the VCC capacitor as close to the
VCC and GND pins as possible.

Connect VIN, VOUT, and GND to a large
copper area to improve thermal
performance and long-term reliability.

Separate the input GND area from other
GND areas on the top layer, and connect
them together on the internal layers and
bottom layer through multiple vias.

Ensure there is an integrated GND area on
the internal layer or bottom layer.

Use multiple vias to connect the power
planes to internal layers.

[ ] Via
. Pads
I Toplayer
I GHD
— MidLayer

Figure 15: Recommended PCB Layout

Notes:
13) The recommended layout is based on the Typical Application

Circuit section on page 40.
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TYPICAL APPLICATION CIRCUITS
L

Swi Sw2 VOUT1

VOUTl =0.85V
FB1 c4
SGND1 22uFx2
ViNg = °_T[] VIN =
4V to 16V c1
22puF P 1GND VOUTZW Vourz = 1V
. FB2 C5
22uFx2
—_L—[] VIN =
c2
22uF { Nonp MPM54304 vouT3 Vours = 1.8V
= FB3 c6
SGND2 22uF
scL -
1’c {
SDA VOUT4 Vours = 3.3V
FB4 c7
o—{JEN I 2wr

{}
Swi  SW2 VOUTL[] ° Vour1 = 0.85V
Vin =4V to FB1Ld c4
16V 221Fx2
o— ] VIN SGND1[}
c1
220F & 11GND VOUT2 l‘ o Vourz = 1V
= R2
FB2[] C5
22uFx2
T[] VIN
c2
[] =
22uF l HeND MPM54304 vouTs = ;TO Vours = 1.8V

VCC AGND GPIO []
.—|

C3 I
1uF:|:

Figure 17: 4V to 16V Inbut and Quad-Output with External Divider

|||—[
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TYPICAL APPLICATION CIRCUITS (continued)

& &
SW1  Sw2 VOUTL
FB1 c4
Ving = 4V to 22uFx2
16V SGND1
o— ] VIN =
c1
22uF E[]GND VOUT2L} _L
. FBZEJ]—, C5
I 221FX2
T[] VIN =
c2
} —0
a20F | Lo MPM54304 vouTs
= FB3 C6
SGND2 22yF
) :E SCL -
e {
SDA VOUT4EI;' _L
FB4 c7
—JEN I 22uF
GPIO
VCC  AGND EIJ—

-||—[

C3 I
1pFI

Figure 18: 4V to 16V Input, Dual-Output with Parallel Operation Mode
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DEFAULT MTP CONFIGURATION
Table 3: 0000 Suffix Code Configuration

OTP Items Buck 1 Buck 2 Buck 3 Buck 4
Output Voltage Set Method 12C 12C 12C 12C
Output Voltage v 3.3V 1.8V 1.5V
Initial On/Off On On On On
Mode FCCM FCCM FCCM FCCM
Soft-Start Delay Time Slot Oms 3ms ims 2ms
Soft-Start Time (Vo = 0% to 100%) ims 1.6ms 1.1ms 0.9ms
Valley Current Limit 4.2A 3A 2A 3A
Buck Output Discharge EN Enabled | Enabled | Enabled Enabled
Buck Output Limit EN Enabled | Disabled | Disabled | Disabled
Buck Parallel Mode Operation Unparalleled Unparalleled
Switching Frequency 800kHz

VIN UVLO Rising 4.5V

GPIO PG

Shutdown Delay EN Enabled

PG Delay Time 0.2ms

Software Initial I1°C Slave Address 0x68

MTP Configure Code 0x00

Table 4: 0000 Suffix Code Register Value

Suffix Code | Register | Hex Value

0000 0x40 02h

0000 0x41 EBh

0000 0x42 2Dh

0000 0x43 33h

0000 0x44 5Dh

0000 0x45 B7h

0000 0x46 11h

0000 ox47 4Fh

0000 0x48 7Dh

0000 0x49 21h

0000 Ox4A 59h

0000 0x4B 5Fh

0000 0x4C F3h

0000 0x4D 68h

0000 Ox4E 40h

0000 Ox4F 00h
MPM54304 Rev. 1.0 www.MonolithicPower.com 42
11/6/2019 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2019 MPS. All Rights Reserved.



meSs

MPM54304 — QUAD-OUTPUT POWER MODULE WITH I2C

Table 5: 0001 Suffix Code Configuration

Suffix Code: 0001

OTP Items

Buck 1

Buck 2

Buck 3

Buck 4

Output Voltage Set Method

External divider

External divider

External divider

External divider

FB Voltage

0.6V

0.6V

0.6V

0.6V

Initial On/Off

On

On

On

On

Mode

FCCM

FCCM

FCCM

FCCM

Soft-Start Delay Time Slot #

Oms

2ms

ims

3ms

Soft-Start Time (Vo = 0% to
100%)

0.9ms

0.9ms

0.9ms

0.9ms

Valley Current Limit

4.2A

4.2A

3A

3A

Buck Output Discharge EN

Enabled

Enabled

Enabled

Enabled

Buck Output Limit EN

Enabled

Enabled

Disabled

Disabled

Buck Parallel Mode Operation

Unparalleled

Unparalleled

Switching Frequency

800kHz

VIN UVLO Rising

4.5V

GPIO

PG

Shutdown Delay EN

Enabled

PG Delay Time

0.2ms

Software Initial I12C Slave
Address

0x68

MTP Configure Code

0x01

MTP Revision Number

0x00

Table 6: 0001 Suffix Code Register Value

Suffix Code | Register | Hex Value
0001 0x40 03h
0001 0x41 EBh
0001 0x42 05h
0001 0x43 23h
0001 0x44 EDh
0001 0x45 05h
0001 0x46 13h
0001 0xa7 5Fh
0001 0x48 05h
0001 0x49 33h
0001 Ox4A 5Fh
0001 0x4B 05h
0001 0x4C F3h
0001 0x4D 68h
0001 Ox4E 40h
0001 Ox4F 01h
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Table 7: 0002 Suffix Code Configuration

Suffix Code: 0002
OTP Items Buck 1 Buck 2 Buck 3 Buck 4
Output Voltage Set Method External divider External divider External divider | External divider
FB Voltage 0.6V 0.6V 0.6V 0.6V
Initial On/Off On On On On
Mode FCCM FCCM FCCM FCCM
Soft-Start Delay Time Slot # Oms Oms ims 3ms
fg(l;;gtart Time (Vo = 0% to 0.9ms 0.9ms 0.9ms 0.9ms
Valley Current Limit 4.2A 4.2A 3A 3A
Buck Output Discharge EN Enabled Enabled Enabled Enabled
Buck Output Limit EN Enabled Enabled Disabled Disabled
Buck Parallel Mode Operation Paralleled Unparalleled
Switching Frequency 800kHz
VIN UVLO Rising 4.5V
GPIO PG
Shutdown Delay EN Enabled
PG Delay Time 0.2ms
—
igg\r/vezrse Initial 1°C Slave Ox68
MTP Configure Code 0x02
MTP Revision Number 0x00
Table 8: 0002 Suffix Code Register Value
Suffix Code | Register | Hex Value

0002 0x40 03h

0002 0x41 EBh

0002 0x42 05h

0002 0x43 23h

0002 0x44 EDh

0002 0x45 05h

0002 0x46 13h

0002 0x47 5Fh

0002 0x48 05h

0002 0x49 33h

0002 Ox4A 5Fh

0002 0x4B 05h

0002 0x4C F3h

0002 0x4D 68h

0002 Ox4E 41h

0002 Ox4F 02h
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Table 9: 0003 Suffix Code Configuration

Suffix Code: 0003

OTP Items

Buck 1

Buck 2

Buck 3

Buck 4

Output Voltage Set Method

External divider

External divider

External divider

External divider

FB Voltage

0.6V

0.6V

0.6V

0.6V

Initial On/Off

On

On

On

On

Mode

FCCM

FCCM

FCCM

FCCM

Soft-Start Delay Time Slot #

Oms

2ms

ims

ims

Soft-Start Time (Vo = 0% to
100%)

0.9ms

0.9ms

0.9ms

0.9ms

Valley Current Limit

4.2A

4.2A

3A

3A

Buck Output Discharge EN

Enabled

Enabled

Enabled

Enabled

Buck Output Limit EN

Enabled

Enabled

Disabled

Disabled

Buck Parallel Mode Operation

Unparalleled

Paralleled

Switching Frequency

800kHz

VIN UVLO Rising

4.5V

GPIO

PG

Shutdown Delay EN

Enabled

PG Delay Time

0.2ms

Software Initial I12C Slave
Address

0x68

MTP Configure Code

0x03

MTP Revision Number

0x00

Table 10: 0003 Suffix Code Register Value

Suffix Code | Register | Hex Value
0003 0x40 03h
0003 0x41 EBh
0003 0x42 05h
0003 0x43 23h
0003 0x44 EDh
0003 0x45 05h
0003 0x46 13h
0003 0x47 5Fh
0003 0x48 05h
0003 0x49 33h
0003 Ox4A 5Fh
0003 0x4B 05h
0003 0x4C F3h
0003 0x4D 68h
0003 Ox4E 42h
0003 Ox4F 03h
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Table 11: 0004 Suffix Code Configuration

Suffix Code: 0004

OTP Items

Buck1l

Buck?2

Buck3

Buck4

Output Voltage Set Method

External divider

External divider

External divider

External divider

FB Voltage

0.6V

0.6V

0.6V

0.6V

Initial On/Off

On

On

On

On

Mode

FCCM

FCCM

FCCM

FCCM

Soft-Start Delay Time Slot #

Oms

Oms

ims

ims

Soft-Start Time (Vo = 0% to
100%)

0.9ms

0.9ms

0.9ms

0.9ms

Valley Current Limit

4.2A

4.2A

3A

3A

Buck Output Discharge EN

Enabled

Enabled

Enabled

Enabled

Buck Output Limit EN

Enabled

Enabled

Enabled

Disabled

Buck Parallel Mode Operation

Paralleled

Paralleled

Switching Frequency

800kHz

VIN UVLO Rising

4.5V

GPIO

PG

Shutdown Delay EN

Enabled

PG Delay Time

0.2ms

Software Initial I12C Slave
Address

0x68

MTP Configure Code

0x04

MTP Revision Number

0x00

Table 12: 0004 Suffix Code Register Value

Suffix Code | Register Hex Value
0004 0x40 03h
0004 0x41 EBh
0004 0x42 05h
0004 0x43 23h
0004 0x44 EDh
0004 0x45 05h
0004 0x46 13h
0004 0x47 5Fh
0004 0x48 05h
0004 0x49 33h
0004 Ox4A 5Fh
0004 0x4B 05h
0004 0x4C F3h
0004 0x4D 68h
0004 Ox4E 43h
0004 Ox4F 04h
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PACKAGE INFORMATION
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RECOMMENDED LAND PATTERN

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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