®

COeDIC®

DESCRIPTION

The MPM54524 is an integrated, quad SA power
module with an I2C interface. The device offers a
complete power solution with built-in turn-on/-off
sequencing control, configurable soft start (SS),

compensation, and various protection thresholds.

Constant-on-time (COT) control provides ultra-
fast transient response. The output voltage
(Voutx) (Where x = A, B, C, or D) is adjustable via
the I°C bus or preset via the multiple-time
programmable (MTP) memory. The power-on/-
off sequence is also configurable via the MTP or
can be controlled via the I2C.

The MPMS4524 offers configurable active
voltage positioning (AVP), which generates a
droop voltage (Voroor). This allows four
channels in parallel with passive current
balancing. In addition, buck regulator A (buck A)
and buck regulator B (buck B) can operate in
parallel for up to 10A in interleaving mode, which
enables active current balancing. Full protection
features include under-voltage lockout (UVLO),
over-current protection (OCP), over-voltage
protection (OVP), under-voltage protection
(UVP), and thermal shutdown.

The MPM54524 requires a minimal number of
external components, and is available in a
compact ECLGA (8mmx8mmx2.9mm) package.

MPM54524

Fully Integrated, 16V,
Quad 5A Output Power Module
with I12C Interface

FEATURES

e Wide 4V to 16V Input Voltage (Vinx) (Where
x =1or2) Range

e Adaptive Constant-On-Time (COT) for Ultra-
Fast Transient Response

o Parallel Operation with Passive or Active
Current Balancing

¢ |2C-Configurable Output Voltage (Voutx)
(where x = A, B, C, or D)

e Configurable Switching Frequency (fsw):
500kHz to 1000kHz

o Differential Vourx Remote Sense

(where x = A, B, or C)

e Accurate Vourx, Output Current (lourx)
(where x= A, B, C, or D), and Junction
Temperature (T,) Monitoring via the 1°C

e Open-Drain Power Good (PG) Indication
Configurable I°C Slave Address

e Selectable Pulse-Frequency Modulation
(PFM)/Pulse-Width Modulation (PWM)
Mode, Adjustable Frequency, and Current
Limit via the I°C

e Pre-Biased Start-Up

e Protections Include Over-Current Protection
(OCP), Under-Voltage Protection (UVP),
Under-Voltage Lockout (UVLO), Thermal
Shutdown, and Over-Voltage Protection
(OVP)

e Available in an ECLGA (8mmx8mmx2.9mm)
Package

APPLICATIONS

e FPGA and ASIC Power Supplies
e Networking and Telecommunications
e Optical Module Power Supplies

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.

MPM54524 Rev. 1.0
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

v v 4-Phase Paralleled Efficiency vs.
OUTA
LTS - VINT VOA j_l_Coum 3.3V/BA Load Current
220F x4 I E VIN2 \\//Ss/?: IZ X ATPF o5 Vi = 12V, fsyy = 1000kHz
vce 9
C V. <
1\(1?:6l vos I Couts 3'3?/758/'\ z 90
MPM54524 \/>" | 2x47yF =
15 voC j_l_ oo ; 80
—{ SCL VSC+ Coute = 8
— SDA VSC 2 x47pF X 75
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
ECLGA-51
» Kk
MPM54524GCQ-xxxx (8mmx8mmx2.9mm) See Below 3
MPM54524GCQ-0000* ECLGA-51 See Below 3

(8mmx8mmx2.9mm)

* For Tray, add suffix -T (e.g. MPM54524GCQ-xxxx-T).
* For Tape & Reel, add suffix -Z (e.g. MPM54524GCQ-xxxx-Z).

** “xxxx" is the configuration code identifier for the register setting stored in the multiple-time programmable (MTP)
memory. The default code is “0000”. Each “x” can be a hexadecimal value between 0 and F. Work with an MPS
FAE to create this unique number, even if ordering the “0000” code. See Table 3 on page 51 for the
MPM54524GCQ-0000 detailed configuration.

TOP MARKING
MPSYYWW
MP54524

LLLLLLLLL
M

MPS: MPS prefix

YY: Year code

WW: Week code
MP54524: Part number
LLLLLLLLL: Lot number

M: Module
TOP VIEW
«~ -
+ o+ o o )
Iz O o < o) 8
22228832838
; ’44 e red M e 7- et
VOA
BSTA|{
BSTB |
@ pn Ff-0fdo2 zg 20
$S8¢¢r22S8gHERES
ECLGA-51 (8mmx8mm)
MPM54524 Rev. 1.0 MonolithicPower.com 3
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

PIN FUNCTIONS

Pin # Name |Description
1, ‘3’847’ VOA Buck regulator A (buck A) output. The VOA pin is the output of buck A.
3 BSTA |Buck A bootstrap. Float the BSTA pin.
Supply voltage input of buck A and buck regulator C (buck C). Ceramic capacitors
4,32,49 VIN1 are required to decouple the input rail. Connect the VIN1 and VINZ2 pins using a wide PCB
trace.
5 SWA Buck A switching node. Float the SWA pin.
Power ground. The GND pin requires special consideration during PCB layout. Connect
6, 30, 50 GND ? .
GND using copper traces and vias.
7 SWB Buck B switching output. Float the SWB pin.
Supply voltage input of buck regulator B (buck B) and buck regulator D (buck D).
8, 28, 51 VIN2 Ceramic capacitors are required to decouple the input rail. Connect the VIN1 and VIN2
pins using a wide PCB trace.
9 BSTB Buck B bootstrap. Float the BSTB pin.
11% 1113 VOB Buck B output. The VOB pin is the output of buck B.
Remote-sense ground of buck B. Kelvin connect the VSB- pin to the ground node of
14 VSB- ”
the output capacitor (Cour) for buck B.
15 VSB+ Positive feedback of buck B. Connect the VSB+ pin to buck B’s output.
16 TP1 Test pin. Float the TP1 pin.
17 VSD- Ground of buck D. Kelvin connect the VSD- pin to the ground node of Cout for buck D.
18 VSD+ Positive feedback of buck D. Connect the VSD+ pin to buck D’s output.
Internal 3.3V low-dropout (LDO) output. The driver and control circuits are powered
19 VCC from the VCC pin voltage (Vcc). Decouple VCC using a 1uF ceramic capacitor placed as
close to VCC as possible.
20 AGND [Analog ground. Connect the AGND pin to the power GND pin.
21 EN Enable control. Pull the EN pin high to enable the module; pull EN low to disable the
module.
22 TP2 Test pin. Float the TP2 pin.
22% 22% VOD Buck D output. The VOD pin is the output of Buck D.
27 BSTD |[Buck D bootstrap. Float the BSTD pin.
29 SWD Buck D switching output. Float the SWD pin.
31 SWC Buck C switching output. Float the SWC pin.
33 BSTC Buck C bootstrap. Float the BSTC pin.
33 | voc  |Buck € output. The VOC pin is the output of buck C.
38 ADDR1 I2C bus address. There are 9 selectable 12C addresses. To select the 12C address, pull
the ADDR1 pin high, low, or float the pin.
39 SCL I2C clock.
40 SDA I2C data.
I2C address. There are 9 12C selectable addresses by pulling the ADDR2 pin high, low,
41 ADDR2 . X
or floating the pin.
Remote-sense ground of buck C. Kelvin connect the VSC- pin to the ground node of
42 VSC-
Cour for buck C.
MPM54524 Rev. 1.0 MonolithicPower.com 4
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

PIN FUNCTIONS (continued)

Pin # Name |Description

43 VSC+ Positive feedback of buck C. Connect the VSC+ pin to buck C’s output directly.

44 VSA+ Positive feedback of buck A. Connect buck A’s output to the VSA+ pin directly. In dual-
phase interleaving mode, VSA+ must be connected to VSB+.
Remote-sense ground of buck A. Kelvin connect the VSA- pin to the ground node of

45 VSA-
Cour for buck A.

46 PG Open-drain power good output. Pull the PG pin low when any enabled regulator drops
below the under-voltage (UV) threshold. Pull PG low when all the regulators are disabled.

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (Vin) «oeeeeeeeeeeeeeiiieeieeeeeeeeeee 18V

SWVVX DCoevnnreeennnnsaranannnaearannnnnnn -0.3Vto V|N + 0.3V
VBT et eee et Vsw + 4V
VOA, VOB, VOC,VOD ......ccoeiiiieeeeeeee )Y
N et 4.5V

All other pins.........cccceeveeeeenennnnes -0.3V to +4.3V
Continuous power dissipation (T = 25°C) ©

Junction temperature (Ty) ..oooeeeeeeeeeeenee.. 150°C
Storage temperature................ -65°C to +150°C

ESD Ratings

Human body model (HBM) ........................ +2kV
Charged-device model (CDM) ................... +2kV
Recommended Operating Conditions ®

Supply voltage (Vinx) -...oooveeeeaeeieennnns 4V to 16V
Output voltage (Vourx)..ceeeeeeeeeeeennnn. 0.4V to 5.5V
Operating junction temp (T,) ....-40°C to +125°C

Thermal Resistance “) ©) 6) () (8)

D A e 16°C/W
B UG TOP e eeeeeeeeene e e et e e e e e e e 0.3°C/W
DB et 4.4°C/W
Notes:

1) Exceeding these ratings may damage the device.

2)
3)

4)

9)

6)

8)

Voltage rating during multiple-time programmable (MTP)
memory configuring.

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

6,4 is the junction-to-ambient thermal resistance, 6,c_tor is the
junction-to-case top thermal characterization parameter, and
0,5 is the junction-to-board thermal characterization parameter.
The thermal parameter is based on testing on the MPS
evaluation board, EVM54524-CQ-00A, under no airflow
cooling conditions in a standard enclosure. The EVM54524-
CQ-00A is a 4-layer, 20z board (8.1cmx8.1cm).

The maximum allowable power dissipation is a function of the
maximum junction temperature, T, (MAX), the junction-to-
ambient thermal resistance, 6,4, and the ambient temperature,
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Py (MAX) = (T,
(MAX) - T,.) / 8,4. Exceeding the maximum allowable power
dissipation produces an excessive die temperature.

The junction-to-case top thermal characterization parameter,
6,c_toe, €stimates the junction temperature in the real system,
based on the equation, T,= eJc_Top X PLoss + TCASE_TOF‘, where
PLoss is the entire loss of the module in real application, and
Tcase_tor IS the case top temperature.

The junction-to-board thermal characterization parameter, 6,g,
estimates the junction temperature in the real system, based
on the equation, TJ = 9_,5 X PLOSS + TBOARD, where PLOSS is the
entire loss of the module in real application, and Tgoarp is the
the board temperature.

MPM54524 Rev. 1.0
4/15/2024
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

ELECTRICAL CHARACTERISTICS
Vin =12V, T, = -40°C to +125°C @), typical values are tested at T, = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
No switching, FB high,
Supply current (no switching) Iin pulse-frequency modulation (PFM), 7.24 mA
no 12C communication
Default switching frequency fsw OFh = OxAA 1000 kHz
VIN1 or VIN2
Vinx over-voltage (OV) rising
threshold (where x = 10r2) | Y™-OUR [gop bit[0] = 1'b1 1
Vine OV hysteresis VINx_OV_HYS 0.25
Vinx under-voltage lockout Vv 285 | 3.05 | 3.25
(UVLO) rising threshold INx_UVLO_R 90h, bit[1] = 1'b1, ) ) '
AFh, bits[1:0] = 2'b00
Vinx UVLO hysteresis Vivcoo. ts[1:0] 0.25 v
Enable (EN)
EN logic high voltage VEN_H 1.2 \Y
EN logic low voltage VEN_L 0.35 V
EN internal pull-down
resistance Ren_pown 2.7 MQ
ADDR1 or ADDR2
ADDR1 or ADDR?2 logic high
voltage VADDRx_H 1.2 V
ADDR1 or ADDR2 logic low
voltage VADDRx_L 0.35 V
Buck Regulators (Buck A, Buck B, Buck C, or Buck D)
Vrsa 25h, bit[3] = 1’b1, 15h = 0x90 331 | 3.36 | 3.41 V
Feedback (FB) voltage Vess 25h, bit[2] = 1°b1, 16h = 0x90 3.31 | 336 | 3.41 \
accuracy Vesc 25h, bit[1] = 1’b1, 17h = 0x90 331 | 3.36 | 3.41 \Y,
Veep 25h, bit[0] = 1’b1, 18h = 0x90 331 | 3.36 | 3.41 \%
Output voltage (Voutx) (Where % of
X =A, B, C, or D) under- VouTx uv R 85 V°
voltage (UV) rising threshold out
0,
Vourx UV falling threshold | Vour_uv._f 80 \f’ of
ouT
(LSCJC\)I:/j}ilg)e (LS) current limi ILs_vaLteyt |26h = OXAA 5.5 A
Minimum on time (10) ton_mint 30 ns
Minimum off time (10) torr_miNt 120 ns
Output over-voltage % of
protection (OVP) rising Vove1 H 112 V°
threshold REF
Output OVP recovery % of
threshold VoverL 108 VREeF
MPM54524 Rev. 1.0 MonolithicPower.com 6
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

ELECTRICAL CHARACTERISTICS (continued)
Vin =12V, T, = -40°C to +125°C @), typical values are tested at T, = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ | Max | Units
Soft-start (SS) time of buck t 12h, bits[7:6] = 2b’10, > ms
regulator A (buck A) SSA - |Vour = 10% to 90%
SS time of buck regulator B t 12h, bits[5:4] = 2b’'10, 2 ms
(buck B) SS 8 |Vour = 10% to 90%
SS time of buck regulator C ts 12h, bits[3:2] = 2b’10, 2 ms
(buck C) 5 |Vour = 10% to 90%
SS time of buck regulator D ts 12h, bits[1:0] = 2b’10, 2 ms
(buck D) 5P | Vour = 10% to 90%
Discharge resistance Rois OEh, bits[3:1] = 3b’000/111 -40% | 10/2 | +40% Q
Analog-to-Digital Converter (ADC)
Voutx readback accuracy Voutx = 3.3V 217 220 223 | LSB
Output current readback lout = 4A 32 LSB
accuracy
Power Good (PG)
. % of
PG UV rising threshold VpG_uv R 98 Vi
REF
0,
PG UV falling threshold Veo_uv 95 \f’R‘E’:
0Dh, bits[3:0] = 0000 % of
PG OV rising threshold VpG_ov R 105 Vi
REF
0,
PG OV falling threshold VeG_ov 102 \f’ of
REF
PG output port sink current .
capability VeG sink | Sink 1mA 0.4 Vv
VCC Regulator
Vee UVLO rising threshold Vce r 2.5 2.7 29 \%
Vce UVLO hysteresis Vce_Hys 300 mV
VCC voltage Vee lcc = 25mA 3.3 Vv
Vce regulation Vee re  |lec = OmA to 25mA 1 %
Temperature Protections
Thermal shutdown (19) Totp R 145 °C
Thermal hysteresis (19 Thys 20 °C

Notes:

9) Not tested in production. Guaranteed by over-temperature correlation.
10) Not tested in production. Guaranteed by engineering sample characterization.

MPM54524 Rev. 1.0
4/15/2024

MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.




mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

I2C PORT SIGNAL CHARACTERISTICS "
Vin =12V, T, = -40°C to +125°C @), typical values are tested at T, = 25°C, unless otherwise noted.

. Cs = 100pF Cg =400pF |Units
Parameter Symbol |Condition - -
Min Max Min Max
SCL clock frequency fschHL 0 3.4 0 04 | MHz
Set-up time for a
repeated start command tsu_sTA Lo poo ns
Hold time (repeated) for
a start command tHD_sTA 160 600 ns
SCL clock low period tLow 160 1300 ns
SCL clock high period tHiGH 60 600 ns
Data set-up time tsu_pat 10 100 ns
Data hold time tHD_DAT 0 70 0 ns
. L 20 x
SCL signal rising time tr_cL 10 40 0.1Cs 300 ns
Rising time of the SCL
signal after a repeated 20 x
start command and an I cu 10 80 0.1Cs =00 ns
acknowledge bit
. L 20 x
SCL signal falling time tr_cL 10 40 0.1Cb 300 ns
SDA signal rising time tioa 10 | 80 | 2% | 300 | ns
0.1Cs
SDA signal falling time t oA 10 | 80 | 2% | 300 | ns
- 0.1Cs
Set-up time for stop
command tsu_sto 160 600 ns
Bus free time between a
stop and start condition teur 160 1300 ns
Data valid time tvp_paT 16 90 ns
E)ata valid acknowledge tvp_AcK 160 900 ns
ime
. SDA and SCL line 100 400 pF
Capacitive load for each Cs SDAH + SDA line
bus li ’
usiine SCLH + SCL line 400 400 | pF
Low-level noise margin Ci For each connected device 0.1Vce | 0.1Vee V
High-level noise margin VNH For each connected device 0.2Vcc | 0.2Vee V
Note:

11) The maximum I2C bus voltage must be below 4V. A 1.8V or 3.3V typical bus voltage is recommended.

MPM54524 Rev. 1.0 MonolithicPower.com 8
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS

Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise

noted.
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mps MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise
noted.

Thermal Derating
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise

noted.
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lout = 5A, single channel

u %
VAN ANANANAANA

\V\'V\\V\'A\V\'V\V\V\V\V\V\V\V\ '/\"’A

AU atlalalal el aVaa eV aaaty

bt e 00 dowkeee

WMk 7 M e

w18 pea 2k It

0 Wt saul
—

2us/div.

Steady State
Vin =12V, Vourt = 3.3V, fsw = 1000kHz,
lout = 5A, single channel

WAV

ANAANNANANAANAAANNAAANNN)
Y /\ '.'/’\\’ ‘rn'/y YVVY '{",\( YvYy \/ﬂ-,r i A

2us/div.

Start-Up through EN
Vin =12V, Vour = 1.2V, fsw = 750kHz,
lout = 5A, single channel

u L

e
Ve 100 N ) o Mk S Wi e
w ) 130 e i It
ey L nwes 1 108w i
—

2ms/div.
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise

noted.

Start-Up through EN
Vin =12V, Vout = 3.3V, fsw = 1000kHz,
lout = OA, single channel

Start-Up through EN
Vin =12V, Vour = 3.3V, fsw = 1000kHz,
lout = 5A, single channel

' v v:
Voa —/ Von
2V/div. s 2Vidiv.
Voe R T S ' Vos
2V/div. 2Vidiv.
Vv / Voc
2V/div. 2V/div.
V. Voo
VIdiv, | - 2Vidiv. i .
2ms/div. 2ms/div.
Load Transient Load Transient
Vin =12V, Vour = 1.2V, fsw = 750kHz, Vin =12V, Vourt = 3.3V, fsw = 1000kHz,
loutr = 0A to 2.5A, 2.5A/ps e-load, single channel lout = 0A to 2.5A, 2.5A/us e-load, single channel
1 % [1 %
VOUT vOUT
50mV/div. 50mV/div.
lour ————— | — lour R
1A/div. 1A/div.
ﬁ'}@i bty na q ﬁ@ﬁ T e 3
100ps/div. 100us/div.
Start-Up through VIN Start-Up through VIN
Vin =12V, Vout = 3.3V, lout = 0A, Vin =12V, Vour = 3.3V, lout = 20A,
4-phase paralleled 4-phase paralleled
[] X [ v
VOUT _/ VOUT —/
2V/div. 2Vidiv.
Vin — Vin ——
10V/div. 10V/div.
PG PG
2Vidiv. 2Vidiv.
IOUT
5A/div. T N
r—alvaol—mml 20A/d L rar el el S f—
E Saes v g Y g ﬁ e - q
2ms/div. 2ms/div.
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Performance curves are tested on the evaluation board. Viy = 12V, Ta = 25°C, unless otherwise
noted.

Start-Up through EN Start-Up through EN
Vin =12V, Vour = 3.3V, lout = 0A, Vin =12V, Vout = 3.3V, lout = 20A,
4-phase paralleled 4-phase paralleled
VOUT J vOUT 4
2V/div. ' 2V/div. '
EN o ' EN
2V/div. 2Vidiv.
PG PG
2V/div. r 2Vidiv.
IOUT
10A/div. lour
E':‘:“'L"\?.."' L 10A/div. g-”-: e q
2ms/div. 2ms/div.
Load Transient
Vin = 12V, Vour = 3.3V, lout = 0A to 20A,
2.5A/ps e-load, 4-phase paralleled
v %
Vout/AC
200mV/div.
IOUT i gt
10A/div.
100ps/div.
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mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

FUNCTIONAL BLOCK DIAGRAM

Jl Slew Rate
Bias and Voltage 2 .
VSD- Reference DAC 'C Register ’
.L Cc5
Vi T 100000F
VSC- Regulator L c1
1] o 0.1pF
HS th-Slde
VSB- come _T-I_leiﬂl-[_{ I: Switch(NCH)
> ‘aaaal
2xR N
L L1
VSA+ [ 1 . c:,%‘,f,, 0.47pH
Qver-Volt: . v
. c:;p:m?gf On-Timer - Low-Side
e —> > - E Switch (NCH)
VSA- [H Vrero o] >
——————————— K~ - Current
ouss psse_ou —>[_mreaiog e e
| —
VCC Regulator —_—— =
vce and UVLO
2 Buck B T O?ﬁF [ L2 0.47pH
VIN2 FFC VID, 0.4V to 3.6V L2 e 2
Cc8
I 10000pF
VINT [} J_ L c3
Buck C 0.1pF
Cc7 i
T too00eF C VID, 0.4V to 3.6V | L3 v 047eH
1 ca
) Buck D T owF [ L4 A~ 0:47uH
1°C VID, 0.4 V to 3.6V
Feedback Loop,
1MHz OSC ) Current Limit, Mode,
Logic Phase Shift SS Control Logic
IC Register and MTP “FSM_STATE" #°00° {1 PG
FB1 PG_FLT
\ :I‘ FB2 PG_FLT
SYSEN FB3 PG_FLT
-— FB4 PG_FLT =
VCC TP2
Figure 1: Functional Block Diagram
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

OPERATION

The MPM54524 is a quad, synchronous, step-
down DC/DC power module that offers built-in
soft start (SS), compensation, and protections
including over-voltage protection (OVP), under-
voltage protection (UVP), and over-current
protection (OCP). Fixed-frequency constant-on-
time (COT) control provides fast transient
response.

Power Supply Input and Under-Voltage
Protection (UVP)

The input voltage (Vinx) (Where x = 1 or 2) is the
power module’s power supply. If Vinge exceeds
the UVP rising threshold and all the other start-
up conditions are met, then the four-channel
buck regulators start up. The bucks shut down
once Vinx drops below the UVP falling threshold.

Internal VCC Supply

VCC is the internal driver and power supply of
the control circuitries. A decoupling capacitor is
required to stabilize the regulator and reduce
ripple. This regulator takes the VINX input (where

X =1 or 2) and operates across the full Vinx range.

If Vink exceeds 3.5V, the regulator’s output is in
full regulation. If Vinx drops below 3.5V, the
regulator's output decreases according to the
changes in Vinx.

Enable (EN)

If Vinx exceeds the under-voltage lockout (UVLO)
threshold, pull the EN pin above 1.2V to enable
the MPM54524. Float EN or pull the pin down to
ground to disable the MPM54524. There is an
internal 2.7MQ resistor connected between EN
and ground.

If EN is pulled high and reaches the Vi UVLO
threshold, BUCKX_CTRL_REG (0Ch), bits[7:4]
can enable or disable the four channels after the
power-on sequence is complete. If the power-on
sequence set via 19h to 1Ch, bit[7] = 1'b0, then
the outputs of the four channels are disabled by
default. Once EN and VIN are ready, 0Ch can
enable the four channels.

When the MPM54524 is disabled, the part goes
into output discharge or soft shutdown mode if
the two functions are enabled.

Power-On Sequence

Once the VINXx supply is valid and EN is pulled
high, the MPM54524 initiates the power-on
sequences of configuration 0, configuration 1,
configuration 2, and configuration 3 via 19h to
1Fh to enable the corresponding output
regulators in the specified sequence. Figure 2 on
page 17 shows the power-on sequence. After Vix
reaches the UVLO threshold, EN goes high, and
a 2ms system delay, each channel follows the
start-up delay time, soft-start time (tss x) (Where
x=A, B, C, orD), and PON_SEQ_DELAYO time
to execute the power-on sequence. Before
enabling each channel, the MPM54524 |oads the
default voltage of each channel from the
multiple-time programmable (MTP) memory
registers.

tss_x for each channel can be configured via 13h.

Power-Off Sequence

If the EN pinis logic low or Vi« is below its UVLO
threshold, the MPM54524 enters the power-off
sequence set via 1Dh to 23h. Figure 3 on page
17 shows the power-off sequence. After each
channel finishes its off delay, the MPM54524
turns off each channel sequentially with
discharge or soft shutdown if the two functions
are enabled. The discharge enable/disable
function and discharge resistor can be
configured via OEh. The soft shutdown
enable/disable and tss x can be configured via
11h, bits[7:4] and 12h, bits[7:0].

During the power-off sequence at falling UVLO,
if rising UVLO is detected again, all the channels
continue to execute the power-off sequence,
then turn on sequentially based on the new
power-on sequence.

Pre-Biased Start-Up

The MPM54524 is designed for monotonic start-
up into pre-biased loads. If the output is pre-
biased to a set voltage during start-up, the
internal bootstrap (BST) voltage (Vesr) is
refreshed and charged, and the voltage on the
internal soft-start capacitor (Css) is charged as
well. If Vest exceeds its rising threshold, and the

MPM54524 Rev. 1.0
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mP5 MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

Css voltage exceeds the sensed output voltage
(Vourx) (Where x = A, B, C, or D) at the feedback
pin (VSA+, VSB+, VSC+, or VSD+), then the part
starts to work normally.

Power Good (PG)

The MPMS54524 provides a power good (PG)
output to indicate whether the enabled buck's
Vourx is ready. The PG pin is an open-drain
output. Connect PG to VCC or another voltage
source via a pull up resistor (e.g. 10kQ). PG is
pulled high after the PON_SEQ_DELAY_PG bit,

and all the channels finish soft start if they are
enabled. During normal operation, PG is pulled
low if any fault occurs.

Output Over-Voltage Protection (OVP)

The MPM54524 monitors Vourx and enters OVP
latch-off mode once Vourx exceeds the output
OVP rising threshold (Vovei_n). After triggering
output OVP, all the channels turn off and PG is
low. The MPM54524 does not automatically start
up again until the OV fault is removed and
recycling power on EN is initiated.

Rising UVLO
_ ! PON_SEQ_DELAY0
and EN =1 System Delsy  1Dh, bits[8:4]
Time (2ms)
V PON_SEQ_DELAY1
OUTA 1Eh, bits[7:4]
—
PON_SEQ_DELAY2
VOUTB 1Eh, bits[3:0]
>
PON_SEQ_DELAY3
VOUTC 1Fh, bits[7:4]
PON_SEQ_DELAY_PG
1Fh, bits[3:0]
Voutp . ,
PG Start-Up Delay
Time 0 PG goes high after
PON_SEQ_DELAY_PG and no PG fault
Start-Up Delay Time 1
Start-Up Delay Time 2
Start-Up Delay Time 3
Figure 2: Power-On Sequence
Falling UVLO
orEN=0
Vouta POFF_SEQ_DELAY0 \
1Dh, bits[2:0]
—p
VOUTB
POFF_SEQ_DELAY1
20h, bits[2:0]
—
Voute POFF_SEQ_DELAY2
21h, bits[2:0]
—
V
outD POFF_SEQ_DELAY3 \
22h, bits[2:0]
PG —

Off Delay Time 0
ey

Off Delay Time 1

Off Delay Time 2
Off Delay Time 3

Figure 3: Power-Off Sequence
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

Vinx Over-Voltage Protection (OVP)

If 90h, bit[0] = 1 and Vinx exceeds 15V for longer
than 2us, then the MPM54524 shuts down and
VIN_OV_STATUS (00h, bit[1]) is set from O to 1.
Even when the Vi over-voltage (OV) fault is
removed, the MPMS54524 does not automatically
start up until recycling power on EN is initiated.
VIN_OV_STATUS remains set to 1 until power
is recycled on EN, or the host clears the fault by
writing the clear bit to 1 in 07h, bit[1].

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

The MPM54524 provides valley current limit
control. When the low-side MOSFET (LS-FET) is
on, the inductor current (l.) is monitored. If the
sensed . exceeds the valley current limit
threshold, the device indicates an over-current
(OC) fault via 2Ah. The high-side MOSFET (HS-
FET) is not allowed to turn on until the valley
current drops below the OC threshold.
Meanwhile, Vourx drops until it is below the
under-voltage (UV) threshold.

Once the UV and OC conditions are triggered,
OCP latches off the device. This means the
MPMS54524 disables the output power stage and
does not automatically turn on again until the UV
and OC faults are removed, and recycling power
on EN is initiated.

Output Discharge

To discharge the energy of the output capacitor
(Cour) during the power-off sequence, there is a
discharge path between the VOXx pin and ground
(where x = A, B, C, or D). The discharge function
can be enabled via the MTP interface. The
discharge resistor can also be changed via the
MTP interface.

Soft Start (SS) and Soft Shutdown

The MPM54524 employs a soft start and soft
shutdown mechanism to ensure smooth output
during start-up and shutdown.

When the MPM54524 is enabled and Vast
reaches its rising threshold, the internal digital-
to-analog converter (DAC) outputs a ramp
voltage as the reference voltage (Vrer). Vourx
smoothly ramps up with Vger. Once the DAC
output reaches the final voltage, it maintains a
steady voltage. At this point, soft start finishes
and enters steady-state operation.

When the MPM54524 is disabled, the internal
DAC ramps down Vger. Vourx follows the soft
shutdown slew rate with Vrer until the output
drops to 0.15V. Then soft shutdown stops, and
the output is discharged via a 30Q discharge
resistor.

The start-up delay, shutdown delay, soft-start
and soft shutdown slew rate can be configured
via the MTP.

Out-of-Phase Operation

Figure 4 shows that buck regulator A (buck A),
buck regulator B (buck B), buck regulator C
(buck C), and buck regulator D (buck D) are
frequency-locked with a fixed 90° phase shift,
except for during interleaving mode.

90° 180°  270°

Buck A | i i H
I S S —

Buck B :

BuckC !

Buck D

|
|
|
|
1
|
1 | |
|
|
I
|
|
|
|

Figure 4: Phase Shift Functional Diagram

When buck A and buck B work in interleaving
parallel mode, the phase shift between buck A
and buck B changes to 180° (see Figure S on
page 19). Buck C and buck D cannot work in
interleaving mode, with the phase shift remaining
at 90°.

Interleaving Mode for Buck A and Buck B

The MPM54524 supports 2-phase interleaving
mode for buck A and buck B by setting 14h, bit[5]
= 1. VSA+ must be connected to VSB+ in
interleaving mode.

Figure 5 on page 19 shows the internal SET
signal that is triggered when buck A or buck B's
feedback (FB) signal is smaller than the internal
REF signal. When the SET signal becomes high,
only one phase’s pulse-width modulation (PWM)
output becomes high; the next time SET goes
high, the next phase’'s PWM output goes high.
This achieves automatic interleaving.

MPM54524 Rev. 1.0
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MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

Vrs -

v W ] |

Figure 5: Dual-Phase Interleaving Mode

When buck A and buck B work in dual phase
interleaving mode, the MPM54524 senses two-
phase current and automatically tunes the buck’s
on time (ton) to achieve current balance actively.

Active Voltage Positioning (AVP)

The MPMS54524 supports active voltage
positioning (AVP) by setting the AVP_EN_X/X bit
(where x = A/B or C/D) (71h, bit[7] and 79h, bit[7])
to 1 via the 1°C. Once enabled, Vourx of the
corresponding channel drops in proportion with
the load current, which is determined using
Equation (1) and Equation (2).

The droop voltage (Voroor) Can be calculated
with Equation (1):
Voroor = lout X Rproor (1)

Where Rproor IS the droop resistance with a
typical value of about 40mQ.

Vourx €an be calculated with Equation (2):
Vourx = Vrerx - Voroor (2)

Where Vgerx is the reference voltage of each
channel.

The AVP functions enables on-demand parallel
operation, where four outputs, three outputs, or
two outputs can be connected in parallel in any
combination without pre-setting any registers.

The current of the paralleled channels is
inherently balanced by Vprooe, Which is
generated by the AVP function.

Thermal Shutdown

The MPM54524 employs thermal shutdown by
internally monitoring the junction temperature
(Ty). If T, exceeds the 145°C threshold, the
MPM54524 shuts down based on the soft
shutdown ramping down slew rate. This is a non-
latch protection. There is a hysteresis of about
20°C. Once T, drops to about 125°C, the
MPM54524 initiates a soft start.

Analog-to-Digital Converter (ADC)

The MPM54524 supports the analog-to-digital
converter (ADC) to monitor the regulator's Vinx,
Voutx, output current (loutx), and output power
(Poutx) (Where x = A, B, C, or D).

Multiple-Time Programmable (MTP)

Configuration

After the MPM54524's V\nx starts up, the system-
on-chip (SoC) configures the MPM54524’s 1°C
register and MTP.

See the I1°C Interface section on page 20 for
more details on identifying a valid slave address.
When the SoC writes to the I2C register, the 12C
register takes effect immediately; it can also be
burned into the MTP. During the buck’s normal
operation, the I2C master can read and write the
register's data online.

MPM54524 Rev. 1.0
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I2C INTERFACE
I2C Serial Interface

The I2C is a 2-wire, bidirectional, serial interface
consisting of a data line (SDA) and a clock line
(SCL). The lines are pulled to a bus voltage
externally when they are idle. When connecting
to the line, a master device generates the SCL
signal and device address, then arranges the
communication sequence. The MPM54524
interface is an I1°C slave. The I°C interface adds
flexibility to the power supply solution.

I’C Address Selection

Two ADDR pins are available to configure bit[0]
to bit[3] of the I°C slave address according to
Table 1, where bit[4] to bit[6] can be modified by
writing to 73h, bit[1] to bit[3], respectively. Table
1 shows the 1°C address setting via the ADDR1
and ADDR2 pins.

Table 1: I2C Address Setting via the ADDR1 and

ADDR2 Pins
ADDR1 ADDR2 I2C Address
Low Low 0XXX 1001 (12)
Low Float 0OXXX 1100 (12)
Low High 0XXX 1110 (12)
Float Low 0OXXX 1010 (12)
Float Float 0OXXX 1000 (12)
Float High OXXX 1111 (12)
High Low 0XXX 1011 (12)
High Float OXXX 1101 (12)
High High 0XXX 0111 (12)

Note:

12) “XXX" refers to the portion of the address that can be
configured by the customer.

Data Validity

One clock pulse is generated for each data bit
transferred. The data on the SDA line must be
stable during the clock’s high period. The high or
low state of the data line can only change when
the clock signal on the SCL line is low (see
Figure 6).

» X

SCL \

Data Line Stable; Change of
Data Valid Data Allowed

Figure 6: 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 I12C 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 7).

SDA --——\ /—-:—\ /_?____.
o TSN/

Start Command Stop Command

Figure 7: Start and Stop Commands

Start and stop commands are always generated
by the master. The bus is busy after the start
condition, and it is considered to be free again a
minimum of 4.7us after the stop command. The
bus remains busy if a repeated start (Sr) is
generated instead of a stop command. 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 must 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 clock pulse’s high period.

Figure 8 on page 21 shows the data transfer
format. After the start command, a slave address
is sent. This address is 7 bits, followed by an 8th
data direction bit (R/W). A 0 indicates a
transmission (write), and a 1 indicates a request
for data (read). A data transfer is always
terminated by a stop command, which is
generated by the master. If the master still wants
to communicate on the bus, it can generate a
repeated start command and address another
slave without first generating a stop command.

MPM54524 Rev. 1.0
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mP MPM54524 - 16V, QUAD 5A OUTPUT POWER MODULE WITH I’C INTERFACE

The MPM54524 requires a start command, a
valid 1°C address, register address byte, and
data byte for a single data update. After receiving
each byte, the MPM54524 acknowledges by
pulling the SDA line low during a single clock
pulse’s high period. A valid I°C address selects

the MPM54524. The MPM54524 performs an
update on the LSB byte’s falling edge.

Figure 9 shows an example of writing to a single

register. Figure 10 shows an example of reading
to a single register.

| | P
] | || | 1 ] | | | 1
Start — Stop
Command Address RIW ACK Data ACK Data ACK Command
Figure 8: Complete Data Transfer
8 Bits 8 Bits 8 Bits
A A A
s N\ N\~ N
[ s | Slave Address | WR | A | Register Address K | A | write Data | A | P |
I:] Master to Slave A = Acknowledge (SDA = Low) S = Start Command WR Write =0
D Slave to Master NA = Not Acknowledge (SDA = High) P = Stop Command RD Read = 1
Figure 9: I°C Write Single Register Example
8 Bits 8 Bits 8 Bits 8 Bits
A A A A
r N N ( N h
| s | Slave Address | WR | A | Register Address K | A | Sr | Slave Address | RD | A| ReadDatak | NA | P |
N N )
Y Y
Register address to read specified Read register data from current register location
D Master to Slave A = Acknowledge (SDA = Low) S = Start Command Sr = Repeat WR Write =0
Start Command
D Slave to Master NA = Not Acknowledge (SDA = High) P = Stop Command RD Read =1

Figure 10: I2C Read Single Register Example

MPM54524 Rev. 1.0
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SUPPORTED PMBUS COMMANDS

Command Code | Command Name Type Bytes
00h STATUS 0 R 1
01h STATUS 1 R 1
02h BUCKA_CURRENT/PWR_METER R 1
03h BUCKB_CURRENT/PWR_METER R 1
04h BUCKC_CURRENT/PWR_METER R 1
05h BUCKD_CURRENT/PWR_METER R 1
06h BUCKX_VOLTAGE R 1
07h CLEAR_O Send 1
08h CLEAR_1 Send 1
09h MASK_0 R/W 1
OAh MASK _1 R/W 1
0Bh REMOTE_REG R/W 1
0Ch BUCKX_CTRL_REG R/W 1
0Dh PG_REG R/W 1
OEh DISCHARGE_R_REG R/W 1
OFh SW_FREQ_REG R/W 1
10h MONITOR_EN_REG R/W 1
11h SOFT_STOP_EN_REG R/W 1
12h SOFT_STOP_REG R/W 1
13h SOFT_START_REG R/W 1
14h PROTECT_REG R/W 1
15h BUCKA_VOUT R/W 1
16h BUCKB_VOUT R/W 1
17h BUCKC_VOUT R/W 1
18h BUCKD_VOUT R/W 1
19h PON_CONFIG_0 R/W 1
1Ah PON_CONFIG_1 R/W 1
1Bh PON_CONFIG_2 R/W 1
1Ch PON_CONFIG_3 R/W 1
1Dh PON_OFF_DELAYO R/W 1
1Eh PON_SEQ_DELAY 1 2 R/W 1
1Fh PON_SEQ_DELAY 3 PG R/W 1
20h POFF_SEQ_CONFIG 0 R/W 1
21h POFF_SEQ_CONFIG_1 R/W 1
22h POFF_SEQ_CONFIG 2 R/W 1
23h POFF_SEQ_CONFIG_3 R/W 1
24h ADC_TEMP R 1
25h VOUT_RANGE_SELECT R/W 1
26h CLP_BUCKX R/W 1
2Ah OC_STATUS_CLEAR R/W 1
30h MTP_AUTO_REG R/W 1

MPM54524 Rev. 1.0 MonolithicPower.com 22
4/15/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

SUPPORTED PMBUS COMMANDS (continued)

Command Code Command Name Type Bytes
31h PART_ID R 1
35h CODE_ID R 1
36h CODE_VERSION R 1
71h ACTIVE_POSITION_ENABLE_A/B R/W 1
73h 12C_ADDRESS R/W 1
79h ACTIVE_POSITION_ENABLE_C/D R/W 1
90h VIN_OV_REG R/W 1
AFh VIN_UVLO_REG R/W 1

MPM54524 Rev. 1.0
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REGISTER MAP

Status Registers

The status registers are updated to 1 if an event occurs, and they remain at 1 until the clear command is
generated by the host, even if the failing condition is no longer present. In addition, when the input voltage
(Vinx) (Where x = A, B, C, or D) drops below its under-voltage lockout (UVLO) threshold, the status register
is initialized to 0. The PWR_GOOD interrupt may be generated by the MPM54524 at the same time,
depending on the type of event. The interrupts are only generated if they are not masked.

All read-only (RO) registers are one-time latched registers, meaning that once the MPM54524 sets the
register flag, the host must explicitly clear the register. The MPM54524 does not automatically update
the registers even if the event that triggered the status is no longer present.

STATUS_0 (00h)

Format: Unsigned binary

The STATUS_O command monitors statuses including over-temperature (OT), buck output power not
good, and Vinx over-voltage (OV).

Bits | Access | Bit Name Default | Description

7 R RESERVED N/A Reserved.

6 R OVER_TEMP_ 100 1'b0: No critical temperature shutdown occurs
STATUS 1'b1: A critical temperature shutdown occurs

5 R BUCKA_POWER _ 100 1'b0: The buck regulator A (buck A)'s output is power good
NOT_GOOD_STATUS 1'b1: Buck A’s output is power not good

4 R BUCKB_POWER _ 160 1’b0: The buck regulator B (buck B)’s output is power good
NOT_GOOD_STATUS 1'b1: Buck B'’s output is power not good

3 R BUCKC_POWER _ 100 1'b0: The buck regulator C (buck C)'s output is power good
NOT_GOOD_STATUS 1’b1: Buck C’s output is power not good

2 R BUCKD_POWER _ 100 1'b0: The buck regulator D (buck D)'s output is power good
NOT_GOOD_STATUS 1’b1: Buck D’s output is power not good

, 1’b0: No Vin OV fault occurs
1 R VIN_OV_STATUS 10 1'b1: A Vin OV fault occurs
0 R RESERVED N/A Reserved.

STATUS_1 (01h)
Format: Unsigned binary

The STATUS_1 command monitors buck x output's OV and under-voltage (UV) status (where x = A, B,
C, orD).

Bits | Access | Bit Name Default | Description

7| R |euccovstatus | oo | 100 Buk st indcates o O

o | = [suckeovstatus | oo [ 100 Buck B cutput ndeates o fout

s | = [suokcovstatus | w0 | ]o0:Budk s ouput ndcaes o o et

¢ | = |sucoovstarus | oo |15 BuckDs ot dcates o Oy

s | r [eucivvstarus | awo | 150:Buck s cutptindcates oLy
MPM54524 Rev. 1.0 MonolithicPower.com 24
4/15/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

, 1’b0: Buck B’s output indicates no UV fault
2 R BUCKB_UV_STATUS 100 1'b1: Buck B’s output indicates an UV fault

1'b0: Buck C’s output indicates no UV fault
1'b1: Buck C’s output indicates an UV fault

1'b0: Buck D’s output indicates no UV fault
1'b1: Buck D’s output indicates an UV fault

1 R BUCKC_UV_STATUS 1'b0

0 R BUCKD_UV_STATUS 1'b0

BUCKA_CURRENT/PWR_METER (02h)
Format: Direct

The BUCKA_CURRENT/PWR_METER command monitors buck A’s output current (louta) and output
power (Pourta).

Bits | Access | Bit Name Description

If 10h, bit[3] = O, this measures buck A’s louta or Pouta. The louta analog-to-
digital converter (ADC) report values are listed below:

8’b 0000 0000: Reserved

8’b 0000 0001: 0.125A or 125mW
8’b 0000 0010: 0.25A or 250mW

8’b 0000 0011: 0.375A or 375mW
8'b 0011 1100 = 7.5A or 7500mW
8'b 0011 1101 = 7.625A or 7625mW
8'b 0011 1110 = 7.75A or 7750mW
BUCKA ADC 8'b 0011 1111 2 7.875A or 7875mW

CURRENT/POWER | |f 10h, bit[3] = 1, this indicates the sum of Poua, buck B's output power (Pours),
buck C’s output power (Poutc), and buck D’s output power (Poutp).

8’b 0000 0000: Reserved
8’'b 0000 0001: 125mW
8’b 0000 0010: 250mW
8’b 0000 0011: 375mW

7:0 R

8'b 1111 1100 = 31500mW
8'b 1111 1101 = 31625mW
8'b 1111 1110 = 31750mW
8'b 1111 1111 2 31875mW

BUCKB_CURRENT/PWR_METER (03h)
Format: Direct
The BUCKB_CURRENT/PWR_METER command monitors buck B'’s output current (louts) and Pours.

Bits | Access | Bit Name Description
The louts or Pouts ADC report values are listed below:

8’b 0000 0000: Reserved
8’b 0000 0001: 0.125A or 125mW
8’b 0000 0010: 0.25A or 250mW

7:0 R BUCKB_ADC_ 8'b 0000 0011: 0.375A or 375mW
CURRENT/POWER

8'b 0011 1100 = 7.5A or 7500mW
8'b 0011 1101 = 7.625A or 7625mW
8'b 0011 1110 = 7.75A or 7750mW
8'b 0011 1111 2 7.875A or 7875mW
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BUCKC_CURRENT/PWR_METER (04h)
Format: Direct
The BUCKC_CURRENT/PWR_METER command monitors buck C’s output current (lourc) and Pourc.

Bits | Access | Bit Name Description

The loutc or Poutc ADC report values are listed below:

8’b 0000 0000: Reserved
8’b 0000 0001: 0.125A or 125mW
8’b 0000 0010: 0.25A or 250mW

7:0 R BUCKC_ADC_ 8'b 0000 0011: 0.375A or 375mW
CURRENT/POWER

8’b 0011 1100 = 7.5A or 7500mW
8'b 0011 1101 = 7.625A or 7625mW
8'b 0011 1110 = 7.75A or 7750mW
8'b 0011 1111 2 7.875A or 7876mW

BUCKD_CURRENT/PWR_METER (05h)
Format: Direct
The BUCKD_CURRENT/PWR_METER command monitors buck D’s output current (louro) and Pouro.

Bits | Access | Bit Name Description

The loutp or Pouto ADC report values are listed below:

8’b 0000 0000: Reserved
8’b 0000 0001: 0.125A or 125mW
8’b 0000 0010: 0.25A or 250mW

7:0 R BUCKD_ADC_ 8'b 0000 0011: 0.375A or 375mW
CURRENT/POWER

8'b 0011 1100 = 7.5A or 7500mW
8'b 0011 1101 = 7.625A or 7625mW
8'b 0011 1110 = 7.75A or 7750mW
8'b 0011 1111 2 7.875A or 7875mW

BUCKX_VOLTAGE (06h)
Format: Direct
The BUCKX VOLTAGE command monitors Vourx.

Bits Access | Bit Name Description
Changes Voutx based on 10h, bits[6:[5].

8'b 0000 0000 = Undefined
7:0 R BUCKX_ADC_ 8'b 0000 0001 = 15mV
VOLTAGE 8'b 0000 0010 = 30mV

8'b 1111 1111 2 3825mV

Clear Registers

For each real-time status register (00h and 01h), the MPM54524 offers a way to clear the status of events.
All clear registers are write-1-to-clear (W1C) registers. If 1 is written to any of the clear registers, the
MPMS4524 updates the status registers to the default state and removes the interrupt condition on the
PWR_GOOD output signal, assuming that the event is no longer present. If the failing condition is still
present, the status register remains at 1. Note that the PWR_GOOD interrupt is only applicable if the
event is not masked.

The MPM54524 offers a global clear command by writing 1 to 07h, bit[0]. This command works the same
way as the individual clear command. This command can be used by the host if more than one clear
command is required to different registers.
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CLEAR_0 (07h)
Format: Unsigned binary

The CLEAR_0 command clears the buck’s output power not good and Vnx over-voltage protection (OVP)
status, in addition to providing a global clear.

Bits | Access | Bit Name Default | Description
7:6 R RESERVED N/A Reserved.
CLEAR_BUCKA _
5 R/W POWER_NOT_GOOD _ 1'b0 1'b1: Clears the status of 00h, bit[5]
STATUS
CLEAR_BUCKB_
4 R/W POWER_NOT_GOOD _ 1b0 1'b1: Clears the status of 00h, bit[4]
STATUS
CLEAR_BUCKC _
3 R/W POWER_NOT_GOOD _ 1'b0 1’b1: Clears the status of 00h, bit[3]
STATUS
CLEAR_BUCKD _
2 R/W POWER_NOT_GOOD _ 1'b0 1’b1: Clears the status of 00h, bit[2]
STATUS
1 Rw | SHEARSVIN.OVP_ b0 | 1'b1: Clears the status of 00h, bit[1]
0 R/W CLEAR_GLOBAL 1b0 1'b1: Clears all the statuses of 00h and 01h

CLEAR_1 (08h)
Format: Unsigned binary

The CLEAR_1 command clears the buck x’'s OV and UV status (where x = A, B, C, or D).

STATUS

Bits | Access | Bit Name Default | Description
7 R | SIEARSBUCKAOV_ 1 450 | 1b1: Clears the status of 01h, bit[7]
6 RIW g#iﬁséBUCKB—OV— 160 | 1'b1: Clears the status of 01h, bit[6]
5 Rw | SHEARBUCKCOV_ 1 400 | 1'b1: Clears the status of 01h, bitfs]
5 Rw | SIEARBUCKD OV 1 450 | 1b1: Clears the status of 01h, bitf4]
3 RW | SHEARBUCKA UV, b0 | 1'b1: Clears the status of 01h, bit[3]
2 Rw | SHEARBUCKE_UV. b0 | 1'b1: Clears the status of 01h, bit[2]
1 Rw | SEEARSBUCKCUV_ 1 450 | 1b1: Clears the status of 01h, bitf1]
0 rw | SLEAR_BUCKD_UV_ 10 | 1'b1: Clears the status of 01h, bit[0]
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Mask Registers

For each real-time status register, the MPM54524 offers a way to mask the status of events.

MASK_0 (09h)
Format: Unsigned binary

The MASK_0 command masks buck x’s output power not good and the Vinx OVP status.

Bits | Access | Bit Name Default | Description
7:6 R RESERVED N/A Reserved.
MASK_BUCKA _
5 R/W POWER_NOT_GOOD _ 1'b0 1’b1: Masks the status of 00h, bit[5]
STATUS
MASK_BUCKB_
4 R/W POWER_NOT_GOOD _ 1'b0 1’b1: Masks the status of 00h, bit[4]
STATUS
MASK_BUCKC _
3 R/W POWER_NOT_GOOD _ 1'b0 1'b1: Masks the status of 00h, bit[3]
STATUS
MASK_BUCKD_
2 R/W POWER_NOT_GOOD _ 1'b0 1'b1: Masks the status of 00h, bit[2]
STATUS
1 RW | WASIYIN OVP_ b0 | 1'b1: Masks the status of 00h, bit[1]
0 R RESERVED N/A Reserved.

MASK_1 (0Ah)
Format: Unsigned binary

The MASK_1 command masks buck x’'s output OV and over-current (OC) status.

Bits | Access | Bit Name Default | Description
7 RIW gﬁ:}(ﬁgucm_ov_ 10 | 1'b1: Masks the status of 01h, bit[7]
6 RIW g"ﬁ‘ASTKJgUCKB—OV— 10 | 1'b1: Masks the status of 01h, bit[6]
5 RW | BASKSUCKC OV b0 | 1'b1: Masks the status of 01h, bit[5]
4 RIW "S"ﬁffggUCKD—OV— 10 | 1'b1: Masks the status of 01h, bit[4]
3 RIW "S"ﬁ/fTKJgUCKA—OC— 10 | 1'b1: Masks the status of 01h, bit[3]
2 RW | BRI SUCKE_OC_ b0 | 1'b1: Masks the status of 01h, bit[2]
1 RIW g"ﬁfTKJgUCKC—OC— 10 | 1'b1: Masks the status of 01h, bit[1]
0 R |MASK BUCKD OC_ b0 | 1b1: Masks the status of 01h, bit[0]

STATUS
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Threshold and Configuration Registers
REMOTE_REG (0Bh)

Format: Unsigned binary
The REMOTE_REG command sets buck x’'s remote sensing.

Bits | Access | Bit Name Default | Description
Selects buck A’s remote sensing.
7 RW BUCKA_REMOTE_EN 100 1'b0: Disables remote sensing
1'b1: Enables remote sensing
Selects buck’s B remote sensing.
6 RW BUCKB_REMOTE_EN 10 1'b0: Disables remote sensing
1’b1: Enables remote sensing
Selects buck C’s remote sensing.
S RW BUCKC_REMOTE_EN 10 1’b0: Disables remote sensing
1'b1: Enables remote sensing
4.0 R RESERVED N/A Reserved.

BUCKX_CTRL_REG (0Ch)
Format: Unsigned binary

The BUCKx_CTRL_REG command sets buck x’s output regulator in pulse-frequency modulation (PFM)
or pulse-width modulation (PWM) mode.

Bits

Access | Bit Name

Default

Description

R/W

BUCKA_EN

1b1

Enables buck A’s output regulator.

1’b 0: Disabled
1’b 1: Enabled

BUCKB_EN

1b1

Enables buck B’s output regulator.

1'b0: Disabled
1’b1: Enabled

BUCKC_EN

1b1

Enables buck C's output regulator.

1'b0: Disabled
1'b1: Enabled

BUCKD_EN

1b1

Enables buck D’s output regulator.

1’b0: Disabled
1'b1: Enabled

PWM_BUCKA

1'b0

Sets buck A’s automatic mode or forced PWM mode.

1'b0: Forced PWM
1'b1: Automatic mode

PWM_BUCKB

1'b0

Sets buck B’s automatic mode or forced PWM mode.

1'b0: Forced PWM
1’b1: Automatic mode

PWM_BUCKC

1'b0

Sets buck C’s automatic mode or forced PWM mode.

1'b0: Forced PWM
1’b1: Automatic mode

MPM54524 Rev. 1.0
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R/W

PWM_BUCKD

1'b0

Sets buck D’s automatic mode or forced PWM mode.

1’b0: Forced PWM
1’b1: Automatic mode

PG_REG (0Dh)
Format: Unsigned binary
The PG_REG command sets buck x's power good (PG) threshold.

Bits | Access | Bit Name Default | Description

7 R RESERVED N/A Reserved.
6 R RESERVED N/A Reserved.
5 R RESERVED N/A Reserved.
4 R RESERVED N/A Reserved.

Sets the PG threshold for buck A.
3 R/W PG_%_BUCKA 1'b0 100 = 5%

161=7%

Sets the PG threshold for buck B.
2 R/W PG_%_BUCKB 1’b0 100 = 5%

1b1=7%

Sets the PG threshold for buck C.
1 R/W PG_%_ BUCKC 1b0 1b0 = 5%

161=7%

Sets the PG threshold for buck D
0 R/W PG_%_BUCKD 1'b0 100 = 5%

1b1=7%

DISCHARGE_R_REG (0Eh)
Format: Unsigned binary
The DISCHARGE_R_REG command sets buck x’s automatic discharge mode and discharge resistance.

Bits

Access | Bit Name

Default

Description

R/W

AUTODIS_1

1b1

Sets the automatic discharge mode for buck A.

1'b 0: No discharge
1'b 1: Discharges

AUTODIS_2

1b1

Sets the automatic discharge mode for buck B.

1'b 0: No discharge
1'b 1: Discharges

AUTODIS_3

1b1

Sets the automatic discharge mode for buck C.

1’b 0: No discharge
1'b 1: Discharges

AUTODIS_4

1b1

Sets the automatic discharge mode for buck D.

1’b 0: No discharge
1'b 1: Discharges

DIS R 1

1b1

Sets the discharge resistance for buck A.

1'b0: 10Q
1b1:2Q
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DIS R 2

1b1

Sets the discharge resistance for buck B.

1'b0: 10Q
1'b1: 2Q

DIS R 3

1b1

Sets the discharge resistance for buck C.

1'b0: 10Q
1'b1: 2Q

0 RW | DIS R 4

1b1

Sets the discharge resistance for buck D.

1'b0: 10Q
1b1: 2Q

SW_FREQ_REG (0Fh)
Format: Unsigned binary

The SW_FREQ_REG command sets buck x’s switching frequency (fsw).

Bits | Access | Bit Name Default | Description
Sets buck A’s output regulator fsw.
BUCKA OUTPUT _ 2'600: 500KH
. REGULATOR , : z
76 | RW | QWITCHING ~ 2b10 | 2'b01: 750kHz
FREQUENCY 2'b10: 1000kHz
2'b11: 1250kHz
Sets buck B’s output regulator fsw.
BUCKB_OUTPUT _ 2'600: 500KH
REGULATOR , : z
5:4 RW | SWITCHING ~ 2b10 | 2b01: 750kHz
FREQUENCY 2'b10: 1000kHz
2'b11: 1250kHz
Sets buck C’s output regulator fsw.
BUCKC_OUTPUT _ 2'600: 500KH
REGULATOR , : z
32 | RW | QWITCHING ~ 2b10 | 2'b01: 750kHz
FREQUENCY 2'b10: 1000kHz
2'b11: 1250kHz
Sets buck D’s output regulator fsw.
BUCKD_OUTPUT _ 2'600: 500KH
REGULATOR , : z
10 RW | SWITCHING ~ 2b10 | 2h01: 750kHz
FREQUENCY 2'b10: 1000kHz
2'b11: 1250kHz

MONITOR_EN_REG (10h)
Format: Unsigned binary

The MONITOR_EN_REG command enables Vourx and lourx monitoring.

Bits Access | Bit Name

Default

Description

7 RW | MON_V_EN

1b1

Enables Vourx monitoring.

1’b0: Disabled
1’b1: Enabled

6:5 RW | MON_V_SEL

2'b00

Selects Vourx monitoring.

2'b00: Buck A
2'b01: Buck B
2'b10: Buck C
2'b11: Buck D

MPM54524 Rev. 1.0
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Selects loutx or the power.
4 RW MON_IP_SEL 100 1’b0: Buck x’s loutx
1'b1: Buck x’s power
Selects buck A’s power or the total power.
3 R/W MON_TP_SEL 100 1'b0: Buck A’s lout or power
1'b1: Total power
Enables loutx monitoring.
2 R/W MON_I_EN 1b1 1'b0: Disabled
1’b1: Enabled
1 R RESERVED N/A Reserved.
0 R RESERVED N/A Reserved.

SOFT_STOP_EN_REG (11h)
Format: Unsigned binary

The SOFT_STOP_EN_REG command enables buck x’s soft shutdown.

Bits Access | Bit Name

Default

Description

7 R/W SOFT_STOP_BUCKA

1'b0

Enables soft shutdown for buck A.

1’b0: Disabled
1’b1: Enabled

SOFT_STOP_BUCKB

1'b0

Enables soft shutdown for buck B.

1'b0: Disabled
1’b1: Enabled

SOFT_STOP_BUCKC

1'b0

Enables soft shutdown for buck C.

1'b0: Disabled
1’b1: Enabled

4 R/W SOFT_STOP_BUCKD

1'b0

Enables soft shutdown for buck D.

1'b0: Disabled
1’b1: Enabled

3:0 R RESERVED

N/A

Reserved.

SOFT_STOP_REG (12h)
Format: Unsigned binary

The SOFT_STOP_REG command sets buck x's soft shutdown time.

Bits | Access | Bit Name Default | Description
Sets buck A’s soft shutdown time.
, SOFT_STOP_TIME : 2'b00: 0.5ms
76 RW | BuckA — 2600 | 2'b01: 1ms
2'b10: 2ms
2'b11: 4ms
Sets buck B’s soft shutdown time.
_ SOFT_STOP_TIME : 2'b00: 0.5ms
54 | RW |picke | 2b00 | 2bo1:1ms
2'b10: 2ms
2'b11: 4ms
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3:2

SOFT_STOP_TIME_
BUCKC

2'b00

Sets buck C’s soft shutdown time.

2'b00: 0.5ms
2’b01: 1ms
2'b10: 2ms
2’b11: 4ms

1:0

SOFT_STOP_TIME_
BUCKD

2'b00

Sets buck D’s soft shutdown time.

2'b00: 0.5ms
2'b01: 1ms
2'b10: 2ms
2'b11: 4ms

SOFT_START_REG (13h)
Format: Unsigned binary
The SOFT_START_REG command sets buck x’s soft-start time (tss x).

Bits

Access

Bit Name

Default

Description

7:6

SOFT_START_TIME_
BUCKA

2'b11

Sets buck A’s soft-start time (tss_a).

2'b00: 0.5ms
2’b01: 1ms
2’b10: 1.5ms
2'b11: 2ms

5:4

SOFT_START_TIME_
BUCKB

2'b11

Sets buck B’s soft-start time (tss_s).

2'b00: 0.5ms
2’b01: 1ms
2’b10: 1.5ms
2’b11: 2ms

3:2

SOFT_START_TIME_
BUCKC

2'b11

Sets buck C’s soft-start time (tss_c).

2'b00: 0.5ms
2’b01: 1ms
2’b10: 1.5ms
2’b11: 2ms

1:0

SOFT_START_TIME_
BUCKD

2'b11

Sets buck D’s soft-start time (tss_p).

2'b00: 0.5ms
2'b01: 1ms
2'b10: 1.5ms
2’b11: 2ms
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PROTECT_REG (14h)
Format: Unsigned binary

The PROTECT_REG command sets the protection functions and phase regulator mode for buck A or
buck B.

Bits | Access | Bit Name Default | Description
7 R RESERVED N/A Reserved.
Sets the multiple-time programmable (MTP) memory write.
6 RW | MTP_W 100 | 1'50: Disabled
1'b1: Enabled

Selects phase regulator mode for buck A and buck B.

S RIW BUCKA/B_DUAL_EN 100 1'b0: Single-phase regulator

1'b1: Dual-phase regulator
4.0 R RESERVED N/A Reserved.

BUCKA_VOUT (15h)
Format: Direct
The BUCKA_VOUT command sets buck A’s output voltage (Vouta).

Bits | Access | Bit Name Default | Description

Sets Voura. Note that the Voura change slew rate is TmV/ps.

If 25h, bit[3] = 0, then buck A outputs a dynamic voltage scaling
(DVS) range between 0.4V and 1.2V.

0x00: 0.4V

0x01: 0.41V

0x02: 0.42V

0x03: 0.43V

0x4D: 1.17V

Ox4E: 1.18V

Ox4F: 1.19V

0x50: 1.2V

BUCKA VOUT _ OxBF Others are reserved (0x51 to OxFF)

SETTING If 25h, bit[3] = 1, then buck A outputs a DVS range between 1.2V
and 3.6V.

0x00: 1.2V
0x01: 1.215V
0x02: 1.23V
0x03: 1.245V
0x8C: 3.3V
0x8D: 3.315V
Ox8E: 3.33V

7:0 R/W

Ox9F: 3.585V
0xA0: 3.6V
Others are reserved (0xA1 to OxFF)
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BUCKB_VOUT (16h)
Format: Direct
The BUCKB_VOUT command sets buck B’s output voltage (Vours).

Bits | Access | Bit Name Default | Description

Sets Voure. Note that the Vours change slew rate is 1mV/us.

If 25h, bit[2] = 0, then buck B outputs a DVS range between 0.4V
and 1.2V.

0x00: 0.4V

0x01: 0.41V

0x02: 0.42V

0x03: 0.43V

0x4D: 1.17V

Ox4E: 1.18V

Ox4F: 1.19V

0x50: 1.2V

BUCKB_VOUT _ ox8F Others are reserved (0x51 to OxFF)

SETTING If 25h, bit[2] = 1, then buck B outputs a DVS range between 1.2V
and 3.6V.

0x00: 1.2V

0x01: 1.215V

0x02: 1.23V

0x03: 1.245V

0x8C: 3.3V

0x8D: 3.315V

Ox8E: 3.33V

Ox9F: 3.585V

0xAO0: 3.6V

Others are reserved (0xA1 to OxFF)

7:0 R/W
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BUCKC_VOUT (17h)
Format: Direct
The BUCKC_VOUT command sets buck C’s output voltage (Vourc).

Bits | Access | Bit Name Default | Description

Sets Vourc. Note that the Vourc change slew rate is TmV/ps.

If 25h, bit[1] = 0, then buck C outputs a DVS range between 0.4V
and 1.2V.

0x00: 0.4V

0x01: 0.41V

0x02: 0.42V

0x03: 0.43V

0x4D: 1.17V

Ox4E: 1.18V

0x4F: 1.19V

0x50: 1.2V

BUCKC_VOUT _ Others are reserved (0x51 to OxFF)

SETTING Ox8F If 25h, bit[1] = 1, then buck C outputs a DVS range between 1.2V

and 3.6V.

0x00: 1.2V

0x01: 1.215V

0x02: 1.23V

0x03: 1.245V

0x8C: 3.3V

0x8D: 3.315V

Ox8E: 3.33V

Ox9F: 3.585V

0xAOQ: 3.6V

Others are reserved (0xA1 to OxFF)

7:0 R/W
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BUCKD_VOUT (18h)
Format: Direct
The BUCKD_VOUT command sets buck D’s output voltage (Vourp).

Bits | Access | Bit Name Default | Description

Sets Vourp. Note that the Vouro change slew rate is 1mV/ps.

If 25h, bit[0] = 0, then buck D outputs a DVS range between 0.4V
and 1.2V.

0x00: 0.4V

0x01: 0.41V

0x02: 0.42V

0x03: 0.43V

0x4D: 1.17V

Ox4E: 1.18V

0x4F: 1.19V

0x50: 1.2V

BUCKD VOUT _ Others are reserved (0x51 to OxFF)

SETTING Ox8F If 25h, bit[0] = 1, then buck D outputs a DVS range between 1.2V

and 3.6V.

0x00: 1.2V

0x01: 1.215V

0x02: 1.23V

0x03: 1.245V

0x8C: 3.3V

0x8D: 3.315V

Ox8E: 3.33V

Ox9F: 3.585V

0xAOQ: 3.6V

Others are reserved (0xA1 to OxFF)

7:0 R/W

PON_CONFIG_0 (19h)
Format: Unsigned binary
The PON_CONFIG_0 command sets the power-on sequence for configuration 0.

Bits | Access | Bit Name Default | Description

Sets the power-on sequence for configuration 0.

7 R/W PON_SEQ_CONFIGO b1 1'b0: Does not execute configuration 0

1'b1: Executes configuration 0

Enables buck A’s output regulator.
PON_SEQ_CONFIGO_

6 RW BUCKA b1 1'b0: Disables buck A’s output regulator
1'b1: Enables buck A’s output regulator
Enables buck B’s output regulator.
5 RIW PON_SEQ_CONFIGO_ 1'b1 ]
BUCKB 1'b0: Disables buck B’s output regulator
1’b1: Enables buck B’s output regulator
Enables buck C’s output regulator.
4 RIW PON_SEQ_CONFIGO_ 1b1 )
BUCKC 1°’b0: Disables buck C’s output regulator
1'b1: Enables buck C's output regulator
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Enables buck D’s output regulator.
3 RIW PON_SEQ_CONFIGO_ 1'b1 ]
BUCKD 1’b0: Disables buck D’s output regulator
1’b1: Enables buck D’s output regulator
2:0 R RESERVED N/A Reserved.

PON_CONFIG_1 (1Ah)
Format: Unsigned binary
The PON_CONFIG_1 command sets the power-on sequence for configuration 1.

Bits | Access | Bit Name Default | Description
Sets the power-on sequence for configuration 1.
7 R/W PON_SEQ_CONFIG1 100 1'b0: Does not execute configuration 1
1'b1: Executes configuration 1
Enables buck A’s output regulator.
6 RIW PON_SEQ_CONFIG1_

BUCKA 100 1'b0: Disables buck A’s output regulator
1’b1: Enables buck A’s output regulator

Enables buck B’s output regulator.
PON_SEQ_CONFIG1_

S RW BUCKB 100 1’b0: Disables buck B’s output regulator
1'b1: Enables buck B’s output regulator
Enables buck C’s output regulator.
4 RIW PON_SEQ_CONFIG1_ 1'b0 ]
BUCKC 1’b0: Disables buck C’s output regulator
1'b1: Enables buck C's output regulator
Enables buck D’s output regulator.
3 RIW PON_SEQ_CONFIG1_ 1'b0 , ) ,
BUCKD 1'b0: Disables buck D’s output regulator
1’b1: Enables buck D’s output regulator
2:0 R RESERVED N/A Reserved.

PON_CONFIG_2 (1Bh)
Format: Unsigned binary
The PON_CONFIG_2 command sets the power-on sequence for configuration 2.

Bits | Access | Bit Name Default | Description
Sets the power-on sequence for configuration 2.
7 RW PON_SEQ_CONFIG2 1b0 1'b0: Does not execute configuration 2
1'b1: Executes configuration 2
Enables buck A’s output regulator.
6 RIW PON_SEQ_CONFIG2_ 1b0 )
BUCKA 1’b0: Disables buck A’s output regulator
1'b1: Enables buck A’s output regulator
Enables buck B’s output regulator.
5 RIW PON_SEQ_CONFIG2_ 100 ) ) )
BUCKB 1'b0: Disables buck B’s output regulator
1'b1: Enables buck B’s output regulator
Enables buck C’s output regulator.
4 RIW PON_SEQ_CONFIG2_ 1'b0 ) ) )
BUCKC 1'b0: Disables buck C's output regulator
1’b1: Enables buck C’s output regulator
Enables buck D’s output regulator.
3 RIW PON_SEQ_CONFIG2_ 1'b0 )
BUCKD 1'b0: Disables buck D’s output regulator
1'b1: Enables buck D's output regulator
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| 20 | R [RESERVED | NA | Reserved.

PON_CONFIG_3 (1Ch)
Format: Unsigned binary
The PON_CONFIG_3 command sets the power-on sequence for configuration 3.

Bits | Access | Bit Name Default | Description
Sets the power-on sequence for configuration 3.
7 RW PON_SEQ_CONFIG3 1b0 1’b0: Does not execute configuration 3
1'b1: Executes configuration 3
Enables buck A’s output regulator.
6 RIW PON_SEQ_CONFIG3_ 1'b0 ) ) )
BUCKA 1'b0: Disables buck A’s output regulator
1'b1: Enables buck A’s output regulator
Enables buck B’s output regulator.
5 RIW PON_SEQ_CONFIG3_ 1'b0 , ) ,
BUCKB 1'b0: Disables buck B’s output regulator
1’b1: Enables buck B’s output regulator
Enables buck C’s output regulator.
4 RIW PON_SEQ_CONFIG3_ 1'b0 )
BUCKC 1’b0: Disables buck C’s output regulator
1'b1: Enables buck C's output regulator
Enables buck D’s output regulator.
3 RIW PON_SEQ_CONFIG3_ 100 )
BUCKD 1’b0: Disables buck D’s output regulator
1'b1: Enables buck D’s output regulator
2:0 R RESERVED N/A Reserved.

PON_OFF_DELAYO (1Dh)
Format: Unsigned binary
The PON_OFF_DELAY0 command sets power-on/-off delay 0.

Bits | Access | Bit Name Default | Description
7 R RESERVED N/A Reserved.

Sets power-on delay 0, which defines the time between Vin UVLO
rising or EN high and the first channel starting to rise.

3’'b000: Oms
3'b001: 1ms
6:4 R/W | PON_SEQ_DELAY0 3'b000 | 3b010: 2ms
- - 3'b011: 3ms
3'b100: 4ms
3'b101: Sms
3'b110: 8ms
3b111: 10ms

3 R RESERVED N/A Reserved.

Sets power-off delay 0, which defines the time between Vin UVLO
falling or EN low and the first channel starting to fall.

3’'b000: Oms
3'b001: 1ms
3'b010: 2ms
3'b011: 4ms
3'b100: 6ms

Others are reserved.

2:0 R/W POFF_SEQ_DELAYO0 3'b000
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PON_SEQ_DELAY_1_2 (1Eh)
Format: Unsigned binary
The PON_SEQ_DELAY_1_2 command sets power-on sequence delay 1 and delay 2.

Bits | Access | Bit Name Default | Description

Sets power-on sequence delay 1.

4’b0000: Oms
4’b0001: 1ms
4’b0010: 2ms
4’b0011: 3ms
4'b0100: 4ms
74 R/W PON_SEQ_DELAY1 4’b0000 | 4b0101: 5ms
4'b0110: 6ms
4'b0111: 7ms
4’b1000: 8ms
4’b1001: 9ms
4'b1010: 10ms

Others are reserved.

Sets power-on sequence delay 2.

4’b0000: Oms
4’b0001: 1ms
4’b0010: 2ms
4'b0011: 3ms
4’b0100: 4ms
3:0 R/W PON_SEQ_DELAY2 4’b0000 | 4b0101: 5ms
4'b0110: 6ms
4'b0111: 7ms
4’'b1000: 8ms
4’b1001: 9ms
4'b1010: 10ms

Others are reserved.

PON_SEQ_DELAY_3_PG (1Fh)
Format: Unsigned binary
The PON_SEQ_DELAY_3_PG command sets power-on sequence delay 3 and the PG delay.

Bits | Access | Bit Name Default | Description

Sets power-on sequence delay 3.

4’b0000: Oms
4’b0001: 1ms
4’b0010: 2ms
4'b0011: 3ms
4’b0100: 4ms
74 R/W PON_SEQ_DELAY3 4’b0000 | 4’b0101: 5ms
4’b0110: 6ms
4’b0111: 7ms
4’b1000: 8ms
4’b1001: 9ms
4'b1010: 10ms

Others are reserved.
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Sets the PG delay of the power-on sequence.

4’b0000: Oms
4’b0001: 1ms
4’b0010: 2ms
4’b0011: 3ms
4’b0100: 4ms
3:0 R/W PON_SEQ_DELAY_PG | 4b0000 | 4'b0101: Sms
4'b0110: 6ms
4b0111: 7ms
4’'b1000: 8ms
4’b1001: 9ms
4'b1010: 10ms

Others are reserved.

POFF_SEQ_CONFIG_0 (20h)
Format: Unsigned binary
The POFF_SEQ_CONFIG_0 command sets the power-off sequence for configuration 0.

Bits | Access | Bit Name Default | Description
Sets the power-off sequence for configuration 0.
7 RW POFF_SEQ_CONFIGO 1b1 1'b0: Does not execute configuration 0
1'b1: Executes configuration 0
Disables buck A’s output regulator.
6 RIW POFF_SEQ_ 11 )
CONFIGO BUCKA 1'b0: Does not disable buck A’s output regulator
- 1’b1: Disables buck A’s output regulator
Disables buck B’s output regulator.
5 RIW POFF_SEQ_ 1'b1 .
CONFIGO BUCKB 1’b0: Does not disable buck B'’s output regulator
- 1'b1: Disables buck B’s output regulator
Disables buck C’s output regulator.
4 RIW POFF_SEQ_ b1 )
CONFIGO BUCKC 1’b0: Does not disable buck C’s output regulator
- 1'b1: Disables buck C’s output regulator
Disables buck D’s output regulator.
POFF_SEQ 1b
3 RIW CONFIGO BUCKD 1 1'b0: Does not disable buck D’s output regulator
- 1'b1: Disables buck D’s output regulator
Sets power delay 1.
3'b000: Oms
3'b001: 1ms
2:0 R/W POFF_SEQ_DELAY1 3'b000 | 3'b010: 2ms
3'b011: 4ms
3'b100: 6ms
Others are reserved.
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POFF_SEQ_CONFIG_1 (21h)
Format: Unsigned binary
The POFF_SEQ_CONFIG_1 command sets the power-off sequence for configuration 1.

Bits | Access | Bit Name Default | Description
Sets the power-off sequence for configuration 1.
7 RIW POFF_SEQ_CONFIG1 100 1'b0: Does not execute configuration 1
1’b1: Executes configuration 1
Disables buck A’s output regulator.
6 RIW POFF_SEQ_ 1'b1 .
CONFIG1 BUCKA 1’b0: Does not disable buck A’s output regulator
- 1'b1: Disables buck A’s output regulator
Disables buck B’s output regulator.
POFF_SEQ 1b
5 RW CONFIG1 BUCKB 1 1’b0: Does not disable buck B’s output regulator
- 1'b1: Disables buck B’s output regulator
Disables buck C's output regulator.
4 RIW POFF_SEQ_ 11 ) ) ,
CONFIG1 BUCKC 1'b0: Does not disable buck C's output regulator
- 1’b1: Disables buck C’s output regulator
Disables buck D’s output regulator.
POFF_SEQ_ ;
3 RW CONFIG1 BUCKD b1 1'b0: Does not disable buck D’s output regulator
- 1’b1: Disables buck D’s output regulator
Sets power delay 2.
3'b000: Oms
3'b001: 1ms
2:0 R/W POFF_SEQ_DELAY2 3'b000 | 3'b010: 2ms
3'b011: 4ms
3'b100: 6ms
Others are reserved.

POFF_SEQ_CONFIG_2 (22h)
Format: Unsigned binary
The POFF_SEQ_CONFIG_2 command sets the power-off sequence for configuration 2.

Bits | Access | Bit Name Default | Description

Sets the power-off sequence for configuration 2.
7 RW POFF_SEQ_CONFIG2 100 1'b0: Does not execute configuration 2
1'b1: Executes configuration 2

Disables buck A’s output regulator.

6 RIW POFF_SEQ_ b1 )
CONFIG2 BUCKA 1’b0: Does not disable buck A’s output regulator
- 1'b1: Disables buck A’s output regulator
Disables buck B’s output regulator.
POFF_SEQ 1b1
S RIW CONFIG2 BUCKB 1'b0: Does not disable buck B's output regulator
- 1'b1: Disables buck B’s output regulator
Disables buck C's output regulator
4 RIW POFF_SEQ_ b1 ) ) ,
CONFIG2 BUCKC 1'b0: Does not disable buck C's output regulator
- 1’b1: Disables buck C’s output regulator
MPM54524 Rev. 1.0 MonolithicPower.com 42
4/15/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



mP MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

POFF_SEQ_
CONFIG2_BUCKD

Disables buck D’s output regulator.

b1 1’b0: Does not disable buck D’s output regulator
1’b1: Disables buck D’s output regulator

2:0

POFF_SEQ_DELAY3

Sets power delay 3.

3'b000: Oms
3'b001: 1ms
3’b000 | 3'b010: 2ms
3'b011: 4ms
3'b100: 6ms

Others are reserved.

POFF_SEQ_CONFIG_3 (23h)
Format: Unsigned binary
The POFF_SEQ_CONFIG_3 command sets the power-off sequence for configuration 3.

Bits | Access | Bit Name Default | Description
Sets the power-off sequence for configuration 3.
7 RW POFF_SEQ_CONFIG3 100 1’b0: Does not execute configuration 3
1'b1: Executes configuration 3
Disables buck A’s output regulator.
POFF_SEQ 1b
6 RW CONFIG3 BUCKA 0 1’b0: Does not disable buck A’s output regulator
- 1'b1: Disables buck A’s output regulator
Disables buck B’s output regulator.
5 RIW POFF_SEQ_ 1'b0 ) ) )
CONFIG3 BUCKB 1'b0: Does not disable buck B's output regulator
- 1’b1: Disables buck B’s output regulator
Disables buck C’s output regulator.
4 RIW POFF_SEQ_ 1'b0 , ) ,
CONFIG3 BUCKC 1'b0: Does not disable buck C's output regulator
- 1’b1: Disables buck C’s output regulator
Disables buck D’s output regulator.
3 RIW POFF_SEQ_ 1b0 , ) ,
CONFIG3 BUCKD 1’b0: Does not disable buck D’s output regulator
- 1'b1: Disables buck D’s output regulator
2:0 R RESERVED N/A Reserved.

ADC_TEMP (24h)
Format: Unsigned binary
The ADC_TEMP command monitors the junction temperature (T,) of the IC.

Bits

Access

Bit Name

Description

75

ADC_TEMP
READOUT

Measures T..

3'b000: <85°C

3'b001: 85°C to 95°C
3'b010: 95°C to 105°C
3'b011: 105°C to 115°C
3’'b100: 115°C to 125°C
3'b101: 125°C to 135°C
3'b110: 135°C to 145°C
3'b111: >145°C

4:0

RESERVED

Reserved.
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VOUT_RANGE_SELECT (25h)
Format: Unsigned binary
The VOUT_RANGE_SELECT command selects the Vourx range.

Bits | Access | Bit Name Default | Description
7:4 R RESERVED N/A Reserved.
Selects the Voura range.
3 RIW BUCKA_VOUT _ 1'b1 , )
RANGE SELECT 1'b0: 0.4V to 1.2V with 10mV/step
- 1'b1: 1.2V to 3.6V with 15mV/step
Selects the Vouts range.
BUCKB_VOUT _ ,
2 RW | RANGE SELECT b1 | 1'b0: 0.4V to 1.2V with 10mVi/step
- 1'b1: 1.2V to 3.6V with 15mV/step
Selects the Vourc range.
1 RIW BUCKC_VOUT _ 1'b1 ]
RANGE SELECT 1'b0: 0.4V to 1.2V with 10mV/step
- 1'b1: 1.2V to 3.6V with 15mV/step
Selects the Vourp range.
BUCKD_VOUT ,
0 RW | RANGE SELECT b1 | 1'b0: 0.4V to 1.2V with 10mV/step
- 1'b1: 1.2V to 3.6V with 15mV/step

CLP_BUCKX (26h)
Format: Unsigned binary
The CLP_BUCKX command sets buck x’s current limit (I.mrx) threshold (where x = A, B, C, or D).

Bits | Access | Bit Name Default Description

Sets buck A’s valley current limit (ILmira).

00: 4.5A
76 | RW | CLP_BUCKA 2610 | o1 5A

10: 5.5A
11: 6A
Sets buck B’s valley current limit (ILmirs).

00: 4.5A
54 | RW | CLP_BUCKB 2610 | o1 5A

10: 5.5A
11: 6A
Sets buck C’s valley current limit (Iumirc).

00: 4.5A
3:2 R/W CLP_BUCKC 2'b10 01: 5A

10: 5.5A
11: 6A
Sets buck D’s valley current limit (Iumiro).

00: 4.5A
1:0 | RMW | CLP_BUCKD 2b10 | 01 5A

10: 5.5A
11: 6A
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OC_STATUS_CLEAR (2Ah)
Format: Unsigned binary
The OC_STATUS_CLEAR command monitors the OC status and clear register.

Bits | Access | Bit Name Default | Description
7 RW | STEARBUCKAOC 1 450 | 1b1: Clears the status of 2Ah, bit(3]
6 RIW g#f\ﬁﬁgBUCKB—OC— 160 | 1'b1: Clears the status of 2Ah, bit[2]
5 RW | SHEARBUCKCOC. 1 110 | 1'b1: Clears the status of 24, bitf1]
4 R | STEARBUCKDOC_ 1 450 | 1b1: Clears the status of 2Ah, bitfo]
s | R oo oo starus | o0 | JRirdems o oC okt o
2 | R |ovoaocsams | v | 58 ik O bk B e
1| R [aokc.oo status | oo | 10 ks 0 itk o ot
o | = |ouoroocsmamus | o | {2 ot m o0 ik D o

MTP_AUTO_REG (30h)
Format: Unsigned binary

The MTP_AUTO_REG command controls MTP automatic write. The steps of MTP write operation are
described below:

1. Configure all the MTP registers.

2. Write 14h, bit[6] from O to 1 to disable write protection.
3. Ensure that buck x is off before configuring MTP. It is recommended to pull down the external EN pin.
4. Write 30h, bit[7] from O to 1 to enable MTP automatic write.
5. Wait about 2s.
6. Read 30h to Ox5A to indicate that MTP configuring is finished.
Bits | Access | Bit Name Default | Description
7 R/W MTP_AUTO_WRITE 1'b0 If 1'b0 changes to 1'b1, this enables MTP automatic write.
6 R MTP_WRITE_DONE 1'b0 If 1'b0 changes to 1'b1, MTP finishes.
5:0 R RESERVED N/A Reserved.

PART_ID (31h)
Format: Unsigned binary
The PART_ID command sets the MPM54524's ID number.

Bits | Access | Bit Name Default | Description

7:0 R PART_ID 0x24 Sets the MPM54524’s ID number.
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CODE_ID (35h)
Format: Unsigned binary
The CODE_ID command sets the code ID number.

Bits | Access | Bit Name Default | Description
7:0 R CODE_ID 0x00 Sets the code ID number.

CODE_VERSION (36h)
Format: Unsigned binary
The CODE_VERSION command sets the code version number.

Bits | Access | Bit Name Default | Description
7:0 R CODE_VERSION 0x00 Sets the code version number.

ACTIVE_POSITION_ENABLE_A/B (71h) (12 (13
Format: Unsigned binary

The ACTIVE_POSITION_ENABLE_A/B command enables the active voltage positioning (AVP) function
of buck A and buck B.

Bits | Access | Bit Name Default | Description
Enables the AVP function of buck A and buck B.
7 R/W AVP_EN_A/B 1'b1 1’b0: Disabled
1’b1: Enabled
6:0 R RESERVED N/A Reserved.

I2C_ADDRESS (73h) (2 (13)

Format: Unsigned binary

The 12C_ADDRESS command sets the |1°C address.
Bits | Access | Bit Name Default | Description
7:4 R RESERVED N/A Reserved.

Defines the I°C address, bits [6:4]. The I°C address can be
modified via the MTP and is changed during the next power-on.

3:1 R/W ADDRESS_BITS 3'b 000

0 R RESERVED N/A Reserved.

ACTIVE_POSITION_ENABLE_C/D (79h) (3 (14
Format: Unsigned binary
The ACTIVE_POSITION_ENABLE_C/D command enables the AVP function of buck C or buck D.

Bits | Access | Bit Name Default | Description
Enables the AVP function of buck C or D.
7 RW AVP_EN_C/D 1'b1 1'b0: Disabled
1’b1: Enabled
6:0 R RESERVED N/A Reserved.
Notes:

13) To operate 71h, 73h, and 79h, a password must be written to the device following the steps below:
a. Write C1h to 95h.
b.  Write C1h to 63h.
14) To write the register to the MTP, follow the steps below:
a. Configure 71h, 73h, and 79h.
b.  Write 87h to 80h.
c. Wait about 1s, then read 87h. If 87h is at 00h, writing to the MTP was successful; otherwise, writing to the MTP has failed.
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VIN_OV_REG (90h)
Format: Unsigned binary

The VIN_OV_REG command sets Vinx UVLO hysteresis and Vinx OVP.

Bits | Access | Bit Name Default | Description
7:2 R RESERVED N/A Reserved.
Selects Vinx UVLO hysteresis.
VIN_UVLO
1 R/W 3 S 1'b0 1'b0: 0.125V
HYSTERESIS b1- 0.25V
Enables Vinx OVP.
0 RW | VIN_OVP 760 | 1'b0: Disabled
1'b1: Enabled
VIN_UVLO REG (AFh)
Format: Unsigned binary
The VIN_UVLO_REG command sets Vinx UVLO.
Bits | Access | Bit Name Default | Description
7:2 R RESERVED N/A Reserved.
Selects Vinx UVLO.
00: 3V
1:0 R/W VIN_UVLO 2'b00 | 01: 3.5V
10: 3.75V
11: 4V

MPM54524 Rev. 1.0
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APPLICATION INFORMATION

Setting the Output Voltage with an External
Divider

The MPM54524 can also set Vourx via an
external resistor divider (see Figure 11).

MPM54524
VOXx ° VOX
R1
VSx+ e
R2
VSx- +——GND

Figure 11: Feedback Network

The FB voltage (Vrs) is determined by the Vourx
configuration registers. For example, set 25h to
00h and the Voury register to 14h to generate a
0.6V Ves. After using an external divider to set
Vourx, the ADC readback voltage is Vs, not
VOUTX-

Consider the tradeoff between stability and
dynamic response to select a feedback resistor

(R1) that is not too large or too small. R2 can be
calculated with Equation (3):

R1

VOUTx -1

VREF

R2 =

)

Table 2 lists the recommended resistances for
common Vourx vValues with 0.6V Ves.

Table 2: Resistances for Common Vourx Values

Vourx (V) R1 (kQ) R2 (kQ)
1 10 15
1.2 10 10
1.8 10 5
2.5 10 3.15
3.3 10 2.2
55 10 1.23

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current (In), and requires a capacitor to
supply AC current to the converter while
maintaining the DC V. For the best
performance, it is recommended to use low-ESR
capacitors. Ceramic capacitors with X5R or X7R
dielectrics are recommended for the best results
due to their low ESR and small temperature
coefficients. For most applications, use a 22uF
capacitor.

Since C1 absorbs the input switching current, it
requires an adequate ripple current rating. The
RMS current in the input capacitor (Civ) (Ic1) can
be estimated with Equation (4):

lc1 =lomp %

The worse-case condition occurs at Viy = 2 X
Vour, Where lc1 can be calculated with Equation

(©):

|
~ 0% (5)

For simplification, choose Cn with an RMS
current rating exceeding half of the maximum
load current.

IC1

Cin can be electrolytic, tantalum, or ceramic.
When using electrolytic or tantalum capacitors,
add a small, high-quality ceramic capacitor (e.qg.
0.1yF) placed as close to the IC as possible.
When using ceramic capacitors, ensure they
have enough capacitance to provide sufficient
charge, which prevents excessive voltage ripple
at the input. The input voltage ripple (AVin)
caused by the capacitance can be estimated
with Equation (6):

AV, = lLoap XVOUTX 1_VOUT (6)
M e xC1 Vi Vi

MPM54524 Rev. 1.0
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Selecting the Output Capacitor for the Step-
Down Regulator

The output capacitor (Cour) for the step-down
regulator maintains the DC Vour. Use ceramic,
tantalum, or low-ESR electrolytic capacitors. For
the best results, use low-ESR capacitors to keep
the output voltage ripple (AVour) low. AVour can
be estimated by Equation (7):

V V 1 7
AV, = _Your 1_ Your R ( )
our fSWxL1X( v, )X{ ESR‘Lsfochz]

Where L1 is the inductance, and Resr is the
equivalent series resistance (ESR) of Cour.

For ceramic capacitors, the capacitance
dominates the impedance at the fsw, and the

capacitance causes the majority of AVour. For
simplification, AVour can be estimated with
Equation (8):

v v
AVoyr = ous 1- o (8)
our 8foW2xL1xCZX( lej

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at fsw. For
simplification, AVour can be estimated with
Equation (9):

AV, = Vour (4 Vour |, Ree 9)
fow x L1 Vin

The Cour characteristics also affect the stability
of the regulation system.

MPM54524 Rev. 1.0
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PCB Layout Guidelines 3. Ensure all FB connections are short and

Efficient PCB layout is very critical for stable direct using Kelvin connections. Place the FB

operation. For the best results, refer to Figure 12 resistors and compensation components as

and follow the guidelines. close to the chip as possible.

1. Connect the input ground to the GND pin 4. Route SWx (where x = A, B, C, or D) away
using the shortest and widest trace possible. from sensitive analog areas such as FB.

2. Connect Ci to the VINx pin using the
shortest and widest trace possible.

-Via  [JJj Top Layer [ Bottom Layer

Figure 12: Recommended PCB Layout
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MULTIPLE-TIME PROGRAMMBLE (MTP) CONFIGURATION
Table 3: -0000 Suffix Code Configuration

MTP Parameters VOA VOB VoC VoD
Output voltage (Vour) 3.345V 3.345V 3.345V 3.345V
Mode FCCM FCCM FCCM FCCM
Bits[6:4] of the 12C address 000
Soft-start time (tss x) 2ms 2ms 2ms 2ms
Soft shutdown time enable/disable Disabled Disabled Disabled Disabled
Soft shutdown time - - - -
Switching frequency (fsw) 1000kHz 1000kHz 1000kHz 1000kHz
Valley current limit 5.5A 5.5A 5.5A 5.5A
Buck output discharge enable Enabled Enabled Enabled Enabled
Buck output discharge resistor 2Q 2Q 2Q 2Q
Power good (PG) threshold 95% 95% 95% 95%
VOA and VOB_mterIeavmg Disabled Disabled
enable/disable
VOA start-up delay time 0 Oms
VOB start-up delay time 1 Oms
VOC start-up delay time 2 Oms
VOD start-up delay time 3 Oms
PG start-up delay time 4 Oms
VOA off delay time 0 Oms
VOB off delay time 1 Oms
VOC off delay time 2 Oms
VVOD off delay time 3 Oms
Active voltage positioning (AVP
functior? er?able/disa%l(e : Enabled
Current monitor enable/disable Enabled
Voltage monitor enable/disable Enabled
Load line 40mV/A
Table 4: -0000 Suffix Code Register Values
Register Hex Value Register Hex Value Register Hex Value
09h 0x00 17h 0x8F 26h 0xAAh
O0Ah 0x00 18h 0x8F 27h 0x00h
0Bh OxEOQ 19h O0xF8 28h 0x00h
0Ch 0x00 1Ah 0x00 29h 0x00h
0Dh 0x00 1Bh 0x00 2Ah 0x00h
OEh OxFF 1Ch 0x00 31h 0x24h
OFh O0xAA 1Dh 0x00 35h 0x00h
10h 0x84 1Eh 0x00 36h 0x00h
11h 0x00 1Fh 0x00 71h 0x80h
12h 0x00 20h O0xF8 73h 0x00h
13h OxFF 21h 0x78 79h 0x80h
14h 0x00 22h 0x78 - -
15h 0x8F 23h 0x00 - -
16h 0x8F 25h 0xOF - -
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TYPICAL APPLICATION CIRCUITS

Input Vouta
4V to 16V C_I_[ VIN1 VOA j—h 3.3V/5A
IN C
VIN2 VSA+ OUTA
4 x 22uF
VCC - OouTB
<13ch0 L VOB 3.3V/5A
H C
J MPMB4624 Vs T 537,
VSB- *
— EN - Voutc
— PG VOC j—h 3.3V/5A
—{ SCL Coutc
—]| sbA \\’/Ss(é+ | 2 X ATUF
—{ ADDR1 - 2 Vouro
— ADDR2 VOD 3.3V/5A

C
VSD+ ouTD
VSD- 7| 2 x47uF

PGND  AGND

—=

Figure 13: Typical Application Circuit (Quad 5A Outputs with an Internal Divider)

Input Vour
4V to 16V ﬁ—[ VIN1 VOA 3.3V/20A
Cin I I C
VINZ2 VSA+ out
4 x 22uF 1 VSA- ° I 8 x 47uF
VCC =
Cvcc _[ VOB ¢
1uF l
MPM54524 VSB[
VSB-
— EN
— PG VOC ?
—] SCL
—| spa vserI |
— ADDR1 VSC-
VSD+
PGND AGND VSD-

—3

Figure 14: Typical Application Circuit (4-Phase, Single 20A Output with an Internal Divider)

MPM54524 Rev. 1.0 MonolithicPower.com 52
4/15/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



me

MPM54524 — 16V, QUAD 5A OUTPUT POWER MODULE WITH I2C INTERFACE

TYPICAL APPLICATION CIRCUITS (continued)

Input

4V to 16V —I_E
Cin

ax22uF |

CVCC I

1uF ;';

VIN1
VIN2

VCC

MPM54524

EN

PG
SCL
SDA
ADDR1
ADDR2

PGND AGND

VOA

VSA+
VSA-

VOB

VSB+
VSB-

VOC

VSC+
VSC-

VOD

VSD+
VSD-

Vouta
3.3V/10A

COUTA
4 x 47uF

to——o

VOUTC

3.3V/10A

c;OUTC

4 x 47uF

i— 4

3

Figure 15: Typical Application Circuit (Dual 10A Outputs with an Internal Divider)

Input

4V to 16V
Cin I |

4% 22uF I

Cvcc |

1uF ;';

VIN1
VIN2

vce
MPM64624

EN

SCL
SDA
ADDR1
ADDR?2

PGND AGND

VOUTA

VOA
VSA+

VSA-

3.3V/5A

—e

Couta
2 X ATyF

VOUTB

VOB
VSB+
VSB-

3.3V/5A

F—e 1

Couts
2x47uF

VOUTC

VOC

A
vV

VSC+
VSC-

AA
A\ A

3.3V/5A

Coutc
2 x 4TuF

VOUTD

VOD

VSD+
VSD-

3

3.3V/6A

—e ifo——}—=

Coutp
2 X ATyF

Figure 16: Typical Application Circuit (Quad 5A Outputs with an External Divider)
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TYPICAL APPLICATION CIRCUITS (continued)

Vour
VOA v ¢ 3.3V/20A
Input 3 l
4V to 16V —‘T‘_E VIN1 VSA+ Cout
o VIN2 2 | [exanr
4x22uF | VSA- +
vee VOB
Cvee VSB+
1uF 1; MPM54524
VSB-
— EN VOC
— PG
—1scL VSC+
—{ SDA
—| ADDR1 Vet
— ADDR2 VOD
VSD+
PGND AGND VSD-

—

Figure 17: Typical Application Circuit (4-Phase, Single 20A Output with an External Divider)

Vouta
VOA * 3.3V/10A
Input 2 l
4V to 16V —1_[ VIN1 VSA+ COUTA
Cin VIN2 3 I 4 x 47uF
4 x 22uF I VSA- 2
VOB
VCC
Cvcc J: VSB+
1uF
il MPM54524 .
Voutc
— EN VOC ) * 3.3V/10A
] PG VSC+ 2 COUTC
— SCL b ]’ 4 X 4TyF
—] SDA VSC. 3
— ADDR1 -
— ADDR2 VOD
VSD+
PGND AGND VSD-

—3

Figure 18: Typical Application Circuit (Dual 10A Outputs with an External Divider)
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PACKAGE INFORMATION
ECLGA-51 (8mmx8mmx2.9mm)

i !|-'00 PIN 11D
PIN1ID I /g-gvndmrm
MARKING — K/ . E:';‘:&g
i | 1.85
7 e
/.
PIN11D 3
INDEX AREA — 1/ /. 4_ ....... | |—7.80 | 0.00
! 8.10
| i
| | 185
: | 2,45
l
! - 12,
0.7
TOP VIEW
2.80
| 3.00
035 4—
0.45 ¥ —
SIDE VIEW
0‘50——”-— W.eo
0.30X45" TYP
N
[ ] [ 1 ) }-—}-3-0
+:] l 1—1—\_;% NOTE:
0 5 ..... p— s + s +— c— v c— - ]
] 0, /1
— | ——2075 1) ALL DIMENSIONS ARE IN MILLIMETERS.
[ i —1.3Q 2) LEAD COPLANARITY SHALL BE 0.10
0.3 —/ : ——L82 MILLIMETERS MAX.
} l 3 3) JEDEC REFERENCE IS MO-303.
[] H [] [] [] D [] 4) DRAWING IS NOT TO SCALE.
3.90
IR EYERS
— A ad Lo
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CARRIER INFORMATION @

Detail A
\/Pin1
@@@@@@@@@@@@@@@@@@@@@‘ = 1"/
OO0 0000O0CoCCoooooooomoo -1 + 2
] om] om0 ) ) ) i o i 5} ) 3, 53, 5
o o) o) ) ' 6 5 | | | ) )
OO0 000C0C0C0oooooooOOoooo + -+
Com) om] om] w3 ) ) i i . 3 )
[O0000000C0CCooOOoOoooo
(on]| o] om w3 T | e e i i i i i
Detail A
vt gkt | i | G Qo G et
MPMi;‘ff_‘erCQ' (gn?rlﬁcjgr;msnlx N/A N/A 260 N/A N/A N/A
2.9mm)
/ O O O O O O O O
Pinl —»1 1 1 1
T
e P sl ol e P P
MPMSe529BCQ- (gn?rlr-\()igr;?n:x 1000 N/A N/A 13in 16mm 12mm
2.9mm)
Note:

15) The schematic diagrams of Tray (-T) and Reel (-Z), respectively, where different packages correspond to different lengths, widths, and
heights.
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