The Future of Analog IC Technology®

MP5416

2.8V-5.5V, Power Management IC with

Four 2A/2.5A/4A/4.5A Buck Converters, 5 LDOs,
and Flexible System Settings via 12C and OTP
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FEATURES

e Four High-Efficiency Step-Down Converters
Buck 1: 4.5A DC/DC Converter
Buck 2: 2.5A DC/DC Converter
Buck 3: 4A DC/DC Converter
Buck 4: 2A DC/DC Converter
2.8V to 5.5V Operating Input Range
Adjustable Switching Frequency
Programmable Forced PWM, Auto
PFM/PWM Mode

o Hiccup Over-Current Protection (OCP)
e Five Low-Dropout Regulators

o One RTC Dedicate LDO

o Four Low Noise LDOs

o Two Separate Input Power Supplies

o 100mV Dropout at 300mA Load
e System

o [°C Bus and OTP

o Power-On/-Off Button

o Power-On Reset Output

o Flexible Power-On/-Off Sequence via
OTP
Flexible DC/DC, LDO On/Off via OTP
+4kV HBM and £2kV CDM ESD Rating
For All Pins

APPLICATIONS

Cable Modems, Set-Top Boxes
Televisions

MID, Tablets

POS Machines

SSD

IP Cameras

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS” and “The Future of Analog IC Technology” are registered
trademarks of Monolithic Power Systems, Inc.
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

TYPICAL APPLICATION

VINS5: 2.8V to 5.5V (connect to VIN1 or VOUT4)

R1 — — —
100kQ 1.1V 1.8V T T
VOUT4 2.2uF 2.2uF 10pF
CL113 quCLh 6115
RSTO nPBIN OouT4 OuUT5 VINS
VIN1: 2.8V-5.5V NG w1 IWH _VOUT1: 1.2V
° .
L1
c1 L
22uF FB1 C6
GND1 22uFX2
- e 1.5H VOUT2: 1.5V
* SwW2
L2
co L
22pF M P54 1 6 FB2 C7
*+ GND2 22uF
- 1UH vt iTa
VYOUT3: 1.8V
g VIN3 SW3
3 1 L3 a °
22uF FB3 Cc8
_P GND3 22uFX2
- 15uH s
. VIN4 SwWa 9 VOUT4: 3.3V
c4 Al
22uF FB4 C9
22uF
R2 = GND4 SCL —o = H
AR AVIN SDA
cs AGND OUTRTC QUT2 QOUT3
TuF i P—cw P—cn P—mz
— L 1uF 2.2uF 2.2uF
OTP-EFUSE SELECTED TABLE BY DEFAULT (MP5416-0000)
OTP Items Buck 1 Buck 2 Buck 3 Buck 4 LDORTC LDO2 LDO3 LDO4 LDO5
Output Voltage 1.2v 1.5V 1.8V 3.3V 3.2V 3.3V 3.3V 1.1v 1.8V
Initial On/Off On On On On On On Off On On
Mode FPWM PFM FPWM FPWM N/A
Power-On Delay/Time Slot # 2ms/1 4ms/2 4ms/2 Oms/0O | Always on ‘ ams/2 ‘ 6ms/3 ‘ 2ms/1 ‘ 4ms/2
Automatic Turn-On Yes
Switching Frequency 1.5MHz
Push-Button Timer 2 seconds
RSTO Delay 10ms
Buck 1 Peak Current Limit 6.8A
Buck 3 Peak Current Limit 5.6A
I2C Slave Address 0x69
OTP Version 0000
MP5416 Rev. 1.22 www.MonolithicPower.com 2
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mps MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

ORDERING INFORMATION

Part Number* Package Top Marking
MP5416GR-xxxx** QFN-28 (4Ammx4mm) See Below
MP5416GR-0000 QFN-28 (4Ammx4mm) See Below
EVKT-5416 Evaluation Kit

* For Tape & Reel, add suffix —Z (e.g. MP5416GR-XXXX-Z)
xxxX” is the configuration code identifier for the register setting stored in the OTP.

*k G

The default number is “0000”. Each “x” can be a hexadecimal value between 0 and F. Please work with an MPS
FAE to create this unique number, even if ordering the “0000” code. MP5416GR-0000 is the default version.

TOP MARKING

MPSYWW
MP5416
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
MP5416: Product code
LLLLLL: Lot number

EVALUATION KIT EVKT-5416

EVKT-5416 Kit contents: (Items below can be ordered separately).

# Part Number Iltem Quantity
1 EV5416-R-00D MP5416GR-CCCC evaluation board 1

5 EVKT-USBI2C-02 Includes one USB to 12C dongle, one USB cable, and one
3

4

ribbon cable !
MP5416GR-CCCC MP5416 IC which can be used for OTP programming 2
1

USB flash drive that stores the GUI installation file and
supplemental documents

Tdrive-5416

Order direct from MonolithicPower.com or our distributors.

Input Power
Supply
l Input

USB Cable Ribbon Cable
@_ USB to 12C Dongle EV5416-R-00D
l Output

Figure 1: EVKT-5416 Evaluation Kit Set-Up
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

PACKAGE REFERENCE

TOP VIEW
out
nPBIN FB1 AVINAGND -~ OUT20UT3 FB2
28 T i T i T i i T i T i T I
VINT |- VIN2
SwWi1 |, SW2
GND1 GND2
GND3 | GND4
SW3 |! swa
VN3 (6 VIN4
7 P e
FB3 RSTO SCL SDA OUT40OUTS VINS FB4
QFN-28 (4mmx4mm)
ABSOLUTE MAXIMUM RATINGS ® Thermal Resistance ® @4 6ic
VINI1, VIN2, VIN3, VIN4, VIN5, AVIN........c......... QFN-28 (4mmx4mm)............. 44........ 9...°C/IW
...................................................... 0.3V to 6.25V
NOTES:
VSWX e eeeeerrrenrnnnaseeeeeeeennns -0.6V (-5V for <10ns) to 1) Exceeding these ratings may damage the device,
VIN + 0.3V (7V for <10ns) 2) The maximum allowable power dissipation is a function of the
All other pins ..o -0.3V to 6.25V maximum junction temperature T, (MAX), the junction-to-
i . i o ) ambient thermal resistance 6,4, and the ambient temperature
Continuous power dissipation (Ta = +25°C) Ta. The maximum allowable continuous power dissipation at
2.84W any ambient temperature is calculated by Pp (MAX) = (T,
LT TR RSP P RSN -84 (MAX)-T,)B,s. Exceeding the maximum  allowable. power
Junction temperature ...........cccccevvveiinneenn. 150°C dissipation produces an excessive die temperature, causing
Lead temperature ..........cccccevvvvenennnennnnnnnns 260°C the regulator to go into thermal shutdown. Internal thermal
Storage temperature -65°C to 150°C shutdown circuitry protects the device from permanent
g perature.................. damage.
. . 3) The device is not guaranteed to function outside of its operatin
Recommended Operating Conditions ¢ ) The devicels notg perating
Step-down regulator (VIN) .............. 2.8V to 5.5V 4) Measured on JESD51-7, 4-layer PCB.
Step-down regulator (Vouta)........ 0.6V to 2.18V
Step-down regulator (Vout2/4).......... 0.8V to 3.9V
LDO regulator (VoutL) «..eeeeevvevvennnnnn. 0.8V to 3.9V

Operating junction temp. (T;)... -40°C to +125°C
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

ELECTRICAL CHARACTERISTICS
VIN1 = VIN2 = VIN3 = VIN4 = VIN5 = AVIN = 5V, T; = -40°C to 125°C ®), unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units

No switching, feedback is

Supply current (no switching) N high T = +25°C 350 480 MA
Default oscillation frequency fsw 1.2 1.5 1.8 MHz
Thermal shutdown entry o
threshold © Totp_R 145 153 162 C
Thermal shutdown recovery o
threshold © Thys 121 130 139 C
Step-Down Regulator
AVIN UVLO rising VaINL_R 2.4 2.55 2.7 V
AVIN UVLO hysteresis VAINI_HYS 300 mV
VIN1 UVLO rising VIN1_R 2.3 2.45 2.6 \%
VIN1 UVLO hysteresis VIN1_HYS 300 mV
VIN2 UVLO rising VinNz_R 2.3 2.45 2.6 \Y
VIN2 UVLO hysteresis ) VIN2_HYS 300 mvV
VIN3 UVLO rising VIN3_R 2.3 2.45 2.6 \%
VIN3 UVLO hysteresis VIN3_HYS 300 mV
VIN5 UVLO rising Vins_R 2.3 2.45 2.6 Vv
VINS UVLO hysteresis VIN5_HYS 300 mV
VeB1 Default output of Buck 1 1.1820 1.2 1.2180 \%
Vg2 Default output of Buck 2 1.4775 1.5 1.5225 \Y
Feedback voltage accuracy
VEB3 Default output of Buck 3 1.7730 1.8 1.8270 \%
AV Default output of Buck 4 3.2505 3.3 3.3495 \%
Maximum duty cycle Drmax CH2 and CH4 only 100 %
Buck 1, Buck 3 (4.5A/4A)
HSrps-
A 1500mA, Ts = +25°C 20 30 40 | mQ
. . HSRrps-ons
HS switch on resistance S
A 1500mA, Ty = -40°C t0 125°C | 10 30 50 | mQ
HSRrps-ons
LSrps-on1
500mA, T; = +25°C 12 16 mQ
. . LSrps-ons
LS switch on resistance
LSrps-on1
500mA, T; = -40°C to 125°C 12 20 mQ
LSrps-ons

HSWik1 |EN =0V, VIN =5.5V, SW =

Switch leakage 1 HSWia |0V or 5.5V, Ty = +25°C 0 1 MA
. LSWik1 |EN =0V, VIN =55V, SW =

Switch leakage 2 LSWia |0V or 5.5V, Ty = +25°C 0 1 MA

. . . ILimiTa Under 20% duty cycle 55 6.8 8.3 A
High-side current limit o '

g lLimiTa Ty =+25°C 45 5.6 7 A
MP5416 Rev. 1.22 www.MonolithicPower.com 5
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

ELECTRICAL CHARACTERISTICS (continued)
VIN1 = VIN2 = VIN3 = VIN4 = VIN5 = AVIN = 5V, T, = -40°C to 125°C (), unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
t 40 ns
Minimum on time ©® ONMIT
ton_ming 33 ns
t 120 ns
Minimum off time ©® OFF_MINt
torF_MIN3 120 ns
Output discharge resistance Ro_pis1 7 Q
. tss B1 Vout = 10% to 90% 450 us
Soft-start time =
{ss_ B3 Vout = 10% to 90% 450 us
Buck 2, Buck 4 (2.5A/2A)
HSRrps-
e 500mA, Ty = +25°C 3 | 50 | 65 | mQ
. ) HSRrps-on4
HS switch on resistance s
e 500mA, Ts = -40°C to 125°C 20 | 50 | 80 | mQ
HSRrps-ons
LSrps-on2
500mA, Ty = +25°C 65 80 mQ
. . LSRrps-on4
LS switch on resistance s
R 1500mA, Ts = -40°C to 125°C 65 | 105 | mQ
LSRrps-on4

HSWik2 | Shutdown, VIN = 5.5V,
HSWika |SW =0V or 5.5V, Ta=+25°C

Switch leakage 3 0 1 MA

LSWik2 | Shutdown, VIN = 5.5V,
LSWiLka SW =0V or5.5V, Ta=+25°C

Switch leakage 4 0 1 MA

ILimiT2 Under 20% duty cycle,
lLimiTa To=+25°C

High-side current limit 3 4.2 5.4 A

. . ton_min2 32 ns
Minimum on time ©
ton_miNg 32 ns
t 100 ns
Minimum off time © oM
torr_miNg 100 ns
Output discharge resistance Ro_pis2 7 Q
i tss B2 Vout = 10 to 90% 450 us
Soft-start time =
tss B4 Vout = 10 to 90% 450 us
10mA RTC LDO
Default output voltage Vrrc_bo | lout = 10mMA, power on state 3.104 | 3.2 | 3.296 \%
Ground current lo_rTC No load 6.5 MA
Dropout voltage ® Vbrop1 | Vout = 3V, lout = 10mA 100 mV
. VIN = 3.3V, Vour drops 33%,
Current limit lLm_RrTC T, = +25°C 25 55 85 mA
Soft-start slew rate Tss rrc | Vour = 10% to 90%, Cour = 1pF 35 mV/us
MP5416 Rev. 1.22 www.MonolithicPower.com 6
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

ELECTRICAL CHARACTERISTICS (continued)
VIN1 = VIN2 = VIN3 = VIN4 = VIN5 = AVIN = 5V, T, = -40°C to 125°C (), unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Low Dropout (LDO) Regulator: LDO2 to LDO5

Vipo2 3.2340| 3.30 |3.3660| V

Vipos 3.2634| 3.33 |3.3966| V
Output voltage

Vipo4 1.0780| 1.10 |1.1220 \

Vipos 1.7730| 1.80 |1.8270| V

PSRR1k F = 1kHz, 100mA, Vout = 1.8V 47 dB
PSRR ®
PSRRiok |F = 10kHz, 100mA, Vour = 1.8V 51 dB

Dropout voltage Vbropr1 Vour = 3V, lout = 300mA 100 mV
Current limit lumir oo | VIN = 3.3V, Vour drops 33% 320 430 640 mA
Output discharge resistance Ro_pis2 7 Q
Soft-start time tss g2 \Z/.OZUJF: 10% to 90%, Cour = 70 Hs
Line regulation VIN2 = VIN5 = 2.8V to 5.5V 0.3 %IV
Load regulation \1/(|)l:ln2A tc\)/llNOgm A3 -3V, lour from 0.5 %
Logic Pins
nPBIN pull-up current IPBIN Internal pull-up to AVIN 5 9 13 MA
Push-button detect threshold Vps 500 700 900 mV
Manual reset threshold Vwms nPBIN pulls low, Tj = +25°C 50 mV
RSTO rising threshold VRsTO_R Monitor Buck 4’s output 90% VrB4
RSTO falling threshold VRrsTO_F 80% VEBa
RSTO rising delay TrsTO Adjustable through 1°C/OTP 10 ms
I°C Interface Specifications ©
Input logic high ViH 1.4 V
Input logic low ViL 0.4 \%
Output voltage logic low Vout_ L RSTO pin sink 4mA 0.4 \%
SCL clock frequency fscL 3.4 MHz
SCL high time tHIGH 60 ns
SCL low time tLow 160 ns
Data setup time tsu.paT 10 ns
Data hold time tHD.DAT 70 ns
Setup time for repeated start tsu.sta 160 ns
Hold time for repeated start tHD.STA 160 ns
e s
Setup time for stop condition Tsu.sTo 160 ns
Rise time of SCL and SDA tr 10 300 ns
MP5416 Rev. 1.22 www.MonolithicPower.com 7
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

ELECTRICAL CHARACTERISTICS (continued)
VIN1 = VIN2 = VIN3 = VIN4 = VIN5 = AVIN = 5V, T, = -40°C to 125°C (), unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
Fall time of SCL and SDA tr 10 300 ns
Pulse width of suppressed

spike tsp 0 50 ns
I(_Zapacnance bus for each bus Ce 400 bF
ine

SCL low time fLow 160 ns

NOTES:

5) Not tested in production, guaranteed by over-temperature correlation.

6) Guaranteed by design.

7) VIN2 and VIN4 share the same UVLO. It is recommended to connect VIN2 and VIN4 together in practical application.
8) Guaranteed by engineering sample characterization.

9) Refer to below I2C timing chart when reading the I2C interface specifications.

It is recommended to begin operating the I2C function after the power-on sequence is finished or RSTO switches high.

TIMING DIAGRAM

AR AR
SDA / I\ /A \ L/
i 1B 7 AR =
i i 1%
ek ‘HDSTA .
1 1%
S ] oo 7\ 1§
SCL / W / o
{ A .../ /]t
'SUDAT 'SUSTA: 'SUSTO | |
PSri | P
| S A
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

TYPICAL CHARACTERISTICS

Performance waveforms are tested on the evaluation board.
VIN =5V, Ta = 25°C, test using default spec parts, unless otherwise noted.

Efficiency Load Regulation Quiescent Current
Buckl and Buck3 vs. Input Voltage
works in FPWM mode
100 | |||”” | | ||||||| | | | 0.5 T T 600
90 | |J_|_“=| | | 0.4 = Buck1=1.2V -
LT A1 :‘\ S 03 ——Buck2=1.5v ] § 500
80 = £ N
< /] /i Z 0.2 Buck3=1.8V{ = L
a4 7 (] i 400 a
> E 0.1 Buck4=3.3v{ & N
Q 60 S I | &
z / 2 0p 3 300
c X 7 2 0.1 5
o 40—/ —Buck1=1.2V | : T~ b
ro ¢ o -0.2 o 200
] '/ ——Buck2=15V | < )
307 G -03 w
20 // Bucka=L8v | I " "/ 5 100
Buck4=3.3V e c
10 : 0.5 0
0.01 0.1 1 10 0 1 2 3 4 5 2 25 3 35 4 45 5 55 6
LOAD CURRENT(A) LOAD CURRENT(A) INPUT VOLTAGE (V)
VN Threshold Switching Frequency Current Limit
vs. Temperature vs. Temperature vs. Input Voltage
238 < 16 700
s
27 < 600
1.55 =
— > <
S 28 g — E 500 ///
9 s w15 ~ = _—
o 2 ] 3 \ = 400
| | L -
@ 24 x 145 N =
74 | | o Z 300
L 23 [V} H:J
= —VIN1 Z 14
z ,, —VIN2/a | X L 200 ~—LDORTC -
= VIN3 E 135 ° —LDO2-5
2.1 VIN5 s " 00 . i
AVIN ] T |
2 —— 1.3 0
5 25 45 65 85 105 125 145 50 0 50 100 150 2 3 4 5 6
TEMPERATURE(°C) TEMPERATURE(°C) INPUT VOLTAGE (V)
IC Power Dissipation
vs. Case Temperature Rise
Tested on four layer PCB (9.3cmx8.5cm)
g o0 7
& 50 V4
- /|
g 40 /
= /
< 30 V4
L
o V.
S 20
L
[
w10
2
o
O 05 1 15 2 25 3
IC POWER LOSS (W)
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

TYPICAL PERFORMANCE CHARACTERISTICS
Performance waveforms are tested on the evaluation board.
VIN =5V, Ta = 25°C, test using default spec parts, unless otherwise noted.

Steady State Steady State nPBIN Power On
Each Channel Buck with Half Load Each Channel Buck with Full Load Each Channel Buck without Load
ey - —e i : — v
*ﬁr*rmq* Hr-éwqr: R
Vswi e S __,_.. I S Vaw1 . | Veuekt} ] 4
v O™ : svia B ; - 2Vidiv." i ]
TN T O I W S _ F L \2/|\./|:;34..,. i
Vswa ; Vswa i Gurdiv
i LDO5
oy Nowtan S - Lanad fu— !‘FH' o s Wy My My 2VIdiV | RRETRURRPWERNANR NN SRRERy
Vswsa s | Vewsf | i | b Veucke
5VIdiv. 3 i p— -—q- oenen e we] 5V/div. v e w-k g ] VIdiv. )
i . : . lBucks .
VSW4 7 V SW4 13 IV.T
5VIdiv. s : 5VIdiv. 5 : : ™ ng,%'i“;f
400ns/div. 400ns/div. 2ms/div.
nPBIN Power off Load Transient Response Load Transient Respons
Each Channel Buck without Load louT Transient from 2A to 4A, louT Transient from 1A to 2A,
Slew Rate=0.8A/ps. Slew Rate=0.8A/ps.
TS rrr— i : T e T
Vevort : | 3 | e
2V/div.[i bS] Vi ek /ACE}- A Himnsinnne] VgUokolAC Bt SO S U
Vipog f= s ] 50mV/div. : : 1 50mV/div. : : :
2V/div SRRRR AR .. Lo, .
Vipoz | :
5V/div _
LDO5 _ 1
2V/divE
VBuck2 7 . : §
Vdiv, | : . ] o : C 4
BUCK3 \J ouT1 : : ] | : : :
V2V[d|v.\i ! ZA/dIVI1 S : : ] 22,%‘";/2 ..... R S . ]
BUCK4 ; : : _ . : :
BVIdiv. e T T T e
2ms/div. 100ps/div 100ps/div
Load Transient Response Load Transient Response SCP Entry
loyTt Transient from 2A to 4A, loyT Transient from 1A to 2A, Buck-4 Output 3.3V
Slew Rate=0.8A/ps. Slew Rate=0.8A/ps.
T — T T T
VBUCK3/A_C [ 3 =1 SEPE ST . VBUCK4IA_C ; by ] N Es 4
SomVidiv- ¥ somvidiv. | c i : o] Veuokaf - NN
2V/div.
bt RNREE S - bbb b VRrsT0 ot e
: : S : : 5V/div. : S
| 5 1 2 | vew [T |
J ey ey R Sen——— 5V/(¥iv\;‘..ﬁ\' . ! ! ! '
louTs : : l S : : : Do
Py ¢ IR ] 12/%;25'_ BT A e | - cdeio
: o o R SA/div Bk co ] |-
100ps/div 100ps/div 1ms/div
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN =5V, Ta = 25°C, test using default spec parts, unless otherwise noted.

SCP Steady State SCP Recovery
Buck-4 Output 3.3V Buck-4 Output 3.3V
: : !
Veucka pf AR S S LA O VBucKa
500mV/div. Lo i . 2V/div.
VRSTO [ frresbsrssbrrrrbint a— VRsto
5V/div. S : 5V/div.
vaws | L L] e ] i
SV/div. B s \| Py ™ r" T 5V/div. 3 [ [ ‘ AR
I4 s : ILa
SAMiv. b i i i berer izl e 5A/div. L

1ms/div. 2ms/div.
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

PIN FUNCTIONS

P?Dciﬁage Name | Description

Supply voltage input of Buck 1. MP5416 (&, 2.8V to 55V AN TEIMELE T, AHIZTHYTIY

1 VIN1 |[TRAEII97aVTUOYNRETT, VINT [FERLEDKNSAUITHEREL TSN, =,
VINT, VIN2, VIN3, VIN4, and AVIN £REHRD/NR5A U ZHERFTEL TS,

2 SW1 |Buck 1 RAYF/—F; AV FIVEANDRNTA U ~FERGELTIZSL,

3 GND1 |Power ground of Buck 1. GND1 % GND E*°E 7 ~NEHEL TS S0,

4 GND3 |Power ground of Buck 3. GND3 % GND EE 7 AL TS,

5 SW3  |Buck 3 RAYF/—F. AU ZIAANDKRNTA U~ HERGEL TS,

5 VINS Supply voltage input ,Of Buc!( 3. The MP5416 (. 2.8V M5 5.5V AATT, ]\jjl:?_'“ﬁ‘yj')“/d
ELTESZVIAVTUOYNBETT , £z, VINS AV ADTAUAEHRL TS,

7 FB3 |Feedback of Buck 3. Buck 3 MH AAM5 FB3 AN A LU MEREL TZELY,
Reset output from the PMIC to the GPU. The 3.3V (Buck 4) output [&. RSTODELAY timer D%

8 RSTO |IZ ready &75Y . RSTO AY High &%2YZE 9, RSTO H Al&. open—drain HATIT DT, FILT7vT
ERHIPBETT,

9 scL I:EDL clock signal input. SCL A 711&. I°C #REZE AL, AVIN Mo T L7y TR AR EIC
FYUET,

10 SDA  |I’C data. A H1I&. IPC #REZFE ALV, AVIN DS Ty THEASBEIZRYET,

11 OUT4 |LDO4 output. LDO4 (£, VIN5S MDD AN TEMELET .

12 OUT5 |LDOS5 output. LDO5 &, VINS MDA N TEMELET

13 VINS [LDO4 and LDO5 /8T —A>TFyh.

14 FB4 |Feedback of Buck 4. Buck 4 M AAM5 FB4 ~F A LU MERL TZELY,

15 VINA Supply vi)ltage input_‘of Buc!( 4. The MP5416 (&, 2.8V /5 5.5\1]\73'6"4’0 )\ﬁl:fﬂ)‘yj"ﬁzﬁ
ELTESZYIAVTUOYBNRBETY £z, VING TRV A AT AERELTZELY,

16 SW4  |Buck 4 RAYF/—F. AU ZANDRNTA U~ HERGEL TS,

17 GND4 |Power ground of Buck 4. GND4 % GND E*°E 7~ L TS,

18 GND2 |Power ground of Buck 2. GND2 % GND EE 7 AL TS,

19 SW2  |Buck 2 RAYF/—F. AU ZIANDRNTA U~ HERGEL TS,
Supply voltage input of Buck 2, LDORTC, LDO2, and LDO3. The MP5416 [&. 2.8V M5 5.5V A

20 VIN2 | ATY . AAIZTAYTITELTESSVYAVTUOYBBETY , £z, VIN2 [(FRWAHSA
UAEHEL TS,

21 FB2 |Feedback of Buck 2. Buck2 M M5 FB2 A4S A LUMMERL TS,

22 OUT3 |LDO3 output. LDO3 [&. VIN2 oD A A TEMELET

23 OUT2 |LDO2 output. LDO2 [&., VIN2 MDA A TEMELE T,

o4 OUTRTC RTC LDO output. —M LDO (;tiVINZ MNoDANTEELET . SLEAERFEICTHELVIN2 &
OUTRTC K ADEEF vy I hMECLRYET,

25 AGND |Analog ground. Z® AGND % Power &S5 RIZHE#E L TS,

MP5416 Rev. 1.22
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

PIN FUNCTIONS (continued)

Package _
Pin # Name | Description
26 AVIN Logic H—3yk® Power supply input. AVIN-AGND D /NZXaAV(E 01 uF-1uF DEI3IvY

AT U HARBETY, £, AVIN (&, system 1T YMIIEH L TIEELY,

27 FB1 |Feedback of Buck 1. Buckl MH AMS FB1 AX A LI MERSEL TS,

Push—button input. nPBIN (&, AV YAV T YR T, RE—r 7T 0wy a9 BRI EH
28 NPBIN |LET . COANEL"ITT S Deglitch A LlE. HOEMEHERESNI-BFRUL'L"ZANTS
EEMEMELET ., F1=.nPBIN (X, DLEWT LTV TERBERNTS TESRINATHET,

MP5416 Rev. 1.22 www.MonolithicPower.com 13
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

BLOCK DIAGRAM

OULRTC Ol%TZ OQTS
10mA LDORTC 300mA LDO2 300mA LDO3
Driver & —| Driver & —| Driver & —|
Control Control Control
VIN2
TVINT DCDC1 swi/
5.5V/4.5A
GND1 12C VID, 0.6V-2.187V EB1
VIN2 DCDC2 sw
5.5V/2.5A FB2
GND2 I2C VID, 0.8V-3.975V
VINS DCDC3 SW
5.5V/4AA
ND3 2C VID, 0.6V-2.187V FB3
VIN4 DCDC4 SW.
5.5VI2A FB4
'GND4 I’C VID, 0.8V-3.975V [
0 Control Logic UVLO 1|'35h'\g?§ S(?"sﬂc
AVIN
|
SCL
I’C Register & OTP
Y VINS
[JSD A 1]
300mA LDO4
L Driver & J IE“
APBIN . Control OUT4U
Power Logic Control
300mA LDO
RSTO Driver & J
Control OUT5|
AGND T
L
Figure 1: Functional Block Diagram
MP5416 Rev. 1.22 www.MonolithicPower.com 14
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mes

MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

OPERATION

MP5416 (%, TV, SSD, STB., %ED 5V ATTD L AT L
[+ Power Y1) 1— 3w MLET .

MP5416 (. 4CH D& shZE R 24 T &L DCDC
& 5CH M LDO #ABLTWET , TDT1=8. 5 EBER
PAR—FZAR—ZDEFICHEIKLET . MP5416 (X, 1
TILYF D LNy T)—HLLIE 5V DA AR TEMER
BB T=8 ., FEL R T LT HAUEEREIZLET,

1. Power Control
1.1 State Machine Diagram

I?C & One-time Programmable(OTP){ > A2 —J1—X
. TIAINDHABEES A FIVIREHEER
EEEERMLET F. FCAUP—T—XTIE,
L2HDODYIBEELIRELET,

ML 28 R—S DL P RE—TYTETSBLIESY,

AVIN<UVLO Falling

Threshold

Thermal Shutdown
(Following shutdown sequence)

Not detect regower on
factor

e - ~. Detect repower on
RSTO switches /~ Power Off * factor

Detect power off or repower on
factor

Power Off

Power On

RSTOswitches
high

AVIN>UVLO Rising Threshold
If auto on bit=1, PMIC will directly enter
power on sequence once AVIN>UVLO

Detect the power on
factor

R >~ DCDC/LDOs turn on
/~ Power On  sequentially depends

~

7 \

/

. Delay j———a\ Sequence ,/ on OTP or register
\ P ~ ~

low ', Sequence A (SFRST, Manual
Se__ -7 eset)

~ —~ setting

- —_———

Figure 2: Power Control State Machine Diagram

State Machine Description

AT =2 (H258) (X, TEED#EEZR>TL
F9,

No Supply

PMIC ANEVIF, UVLO i #REERF>TLVET .

L.AVIN AABEHIILEEHNY UVLO BlfELYIEL VIS
&.PMIC OEMEIXFILELET .

Power Off

AVIN A3t EAYY UVLO BRfE &Y &<t o 1=k,
AUTOON bit=0 MFE (., PMIC (XF#) Power—off 1k
BEIZFBITLET . COIKRETIL. PMIC [ I(Z Power-
on DIEBEE=AYUILTWET, £LL Power-on {§
BHFE=BHIZIE, <IZ Power-on —45 2 AATEITL
9,

MP5416 Rev. 1.22
8/20/2018
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

Power-On Sequence

DCDC ax/A\—4A& LDO (X, HHMLH OTP [Z&k->TH
O3S LSN0—45 AT ENYET,
Power-On

DCDC ax/8—4A& LDO (&, Power-on {85 Cirb LM
UE$, RSTO AR YFH High [THH &, PMIC (&
Power—off £, L<I&. repower—on{E 52 E=41 4L
%9,

Power-Off Sequence

Power—on MIKEEM S, PMIC HY Power—off 3 L<I&
repower—on {E5 & L -5, Power—off —4~ 2 XA
#4TLET , RSTO [F, ZHAAYFH Low T, DCDC
a2/N—A& DO [F, X TFYIXIE EAYVDFEDL—4
VAT TYET, repower-on MIRFETIL., PMIC [E
power—off o—4 U ZAMTETLI=HE. BEIMIZ delay
timer M&H&. power—on —FT U AAFITLET,
Shutdown Event

3£ L. PMIC AYUVLO &WIBEWANEBEZHEE T HH.
HLLITBRRELS NI A SNIIBEIZIE, PMIC (FIRTE
DIREEIZEE 5T no—supply state H power—off state
IZBITLET,

NOTE: £L PMIC AGAHRET power-off state ~FEITLI-I5A.
LDORTC (& off LET o

1.2 Power-On Factor

PMIC (X TFEE® power-on EE5ZFE->~TWLET,
SYSEN

SYSEN (& I’C LY X4(Z 1data bit HYET . HL.
SYSEN bit A¥ 1 [ZEvhEnd &, O X T LlE power—off
JREEM S power—on —H U AATBITLET .,

SYSEN [ 2 DD AETbitE 0 MWD 1 AEyhTEE
9, —2DHIX. AUTOON bit # OTP T1 IZtvkL. A
NEEH UVLO DRRELYZ<%EY. SYSEN bit ~
AUTOON bit @ 1 ABEIMICO—FENIZHE,
ZoOBI. Ty aRarizkY. power on EEN AT
SNHZETY,

nPBIN_ON

nPBIN_ON (& 2 D Ty aRA AR REH->TLY
F£9, L. nPBIN % Low [ZL. /D 2 FhLL L DB,
PMIC [& power-on 1R REERHLET , £, power—
off MIKEET nPBIN % debounce %A L 30mS LLE Low
IZLT=1Z B2 PMIC (& power—on 1 AU REERELE
95 SYSEN bit [&. EE2® nPBIN £E® power—on A\
UrERHEEINAE, High I2EybEhET,

Thermal Recovery

£ L. MP5416 M iBEMRERMBELYSLVEEIZT
power—off MIREEDEE, PMIC [ZEEMNETRE.
power—on —4 U AANFITLET,

1.3 Power-On Sequence

Power-on —45 2 RBA3IS (R 3 SB)IZIZ8 DD
ARV HYET,

FARTOH DCDC a/\—%& LDO(RTCLDO B&<) 1.
OTP [T 0~7 MRAAYMATAS S LARETT,
ZTNETNAORAYDEERHIE MP5416 DT 74/Lk
AAYF T EREBICEELTWNET , (Table1 SH)

Table 1: Slot Time Interval vs. Default Switching
Frequency

Default Switching Time Delay between
Frequency Each Slot

1.0MHz 3ms

1.5MHz 2ms

2.0MHz 1.5ms

2.5MHz 1.2ms

MP5416 Rev. 1.22
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

Time slot number

nPBIN function is enabled
after this moment

DC/DCLDO || 3
Output i } ; ‘
i i<—2ms—>‘<—2m9—>‘<—2ms—>‘ ‘|<—2ms—>‘<—2ms—>‘<—2ms—>l:
RSTO Vﬁ | | | | | }«—RSTODELAY from Buck 4 PG—
nPBIN_.EN |
No Supply—bi ": Power On Sequence >'|‘

Figure 3: Power-On Sequence (Auto-On Bit Is Set to 1)

1.3.1 OUTRTC ON

OUTRTC LDO [& VIN2 & AVIN AY ULVO KUEFL&ZE
(X, DEAREICHDDHSTEIZONLET,
OUTRTC [&. VIN2 A AVIN AS UVLO BRfELYIE TS5
h.BERRENN)HEINT=EE . tun—off LET,
1.3.2 Other Buck Regulators and LDOs On
MP5416 (70457 J L% power-on & —4 2 A% 1R
HLET . —E power-on O—F U RERELRL
power—off U — U RIEZFDFEIZFRESNET, OTP &
BT—7IE. FNEFNDHS CH OFALROYREY
HFRETH=MHIZ 25 R—=DIZL PR bits A EEEiSh
TWET,

1.4 Power-Off Factor

NnPBIN_Long_Press

3 L. nPBIN A Low [ZERTESH 8 FLIE Low DIFAE.
PMIC & power—off —4 2 AAFITLET,

NnPBIN_Short_Press

£ L. nPBIN A' Low IZERTESH. /D debounce A L
30mS LLE Low DIFE (L. PMIC [ power—off &—4 >
A 8mS DEEFREDHEIZHITLET .

(K 6 )

SYSEN (Software-Initiated Power-Off)

MP5416 (& I’C #{ERAL=Y Itz 7avbO—iL&
% power—off ZH7R—kLTLVET, SYSEN (£, PC LY
AAM 1data bit T3, HLL. SYSEN [ 0 [ZERTET HEY
AT L& power—off — U AANFITLET,

nPBIN ##8EtL<IZAAEBIRD ON/OFF RAYF DT
JUIZ&>T PMIC (XY RB—MLET,

MP5416 Rev. 1.22
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

1.4.1 Power-Off Sequence

Time slot number | @ @ @ @ @ ©
- S D A
‘<—Long Key Shutdown Timel’*l
PBIN | T T T T
05\ — -
DC/DC LDO \ \ \ \ \
Output | | } | } i
] e
RSTO

Ey

Power On

|
Power Off Sequence

'7<—' Power off—s{ No Supply

Figure 4: Power off Sequence by nPBIN Key Press

RSTO (. DCDC T /\—%45 LDO A turn off 33 /i
IZF )L Low h TLVET, DCDC a2 /3\—4A& LDO D
power—off —4 > X[, power-on —4 U X EFEDIIE
BTIATYET,

1.5 Repower-On Factor

Manual_Reset

nPBIN [£. debounce %4, 30mS LLE GND [T ILE ™S
(RZaT7IL)EYRRELLT) SN T, ZOREERS
hFE7, (K 6SH)

SFRST

YIbx 7t vk, HL SFRST bit A1 IZ2C #BHAT
BESNTET L. TNF system [ repower-on EFEL
THRHELET,

1.6 Repower-On Seguence
Initiated Power Cycle)

MP5416 (£, ’C W=7 /LYty REVENLTYZ
roz7arbka—)LRT =)y I IELTHNET Y
Tk 7arbO—)LEIZIE, SFRST bit % 1 [ZtHwkL
F9 ., MP5416 [ 8mS #F#L T power off LET, ZL
T 60mS EIERICEER]/\T—L—JL% power on =&
%9, SFRST bit [£ RSTO Db EMNYIT YTz
T.0ICEEMIZ)yrEanET,

SFRST bith0IZ)Eyvhan =&, VIFI T ITHE.
power cyclefillfHI ] BEZLIKAE(ZARY FE T, Repower-on{E
S lErepower-onDHIR T OvoEINFET , (t1-t2HAME
. E5508)

(Software-

MP5416 Rev. 1.22
8/20/2018
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

<+ 12C set

/

|
|
|
SFRST]] bit | SRS |
S |
| 8ms | 60ms |
OUT1 L
| | ‘
| | ‘
OUT4 | \ |
‘ ‘
|
RSTO |
L

SFRST]] is reset to 0

by RSTP rising edge

N

Il
FRepower on factor detection is blockecﬂ

t1

a7 EykarrOo—)LEERALTLAE, 1L
PMIC 5% power on SREEDHF, —RMIZI=2TFILU+y

FRAVEBTLET L. PMIC IE 30mS DF /A9 R4
A L& 8mS DT 1LA D power—off —4 2 R(ZFE1T
LET,ZLTOFF DREXI=2T7I/ILUEYrREIUH
RMEINLFE TR, S T5 30mS D
debounce 24 LD power—on — U A~NBERIT

1.7 Shutd

(K758

LET UETYZa7 L) EyMEREF. ETLET

(K6 Z8)

When nPB|N=GND, after power off sequence

t2

Figure 5: Repower-On Sequence (Software Control)

own Sequence

PMIC wi‘l keeps in power off state. |
I I

At this point, power on
sequence is done.

1

\

[

\ \

30ms max| }
|

\

\

1

nPBlN 30ms max‘Bms\
N
1
! P

OUTH R
Il il ‘
| ]

ouT4 o \
I ]
RSTO |
‘ L
‘ |
[2C-EN } }

I

Figure 6: Repower-On Sequence (Manual Reset Control)

ARNZBED UVLO BHEXYIE T T 5H . LLLITBED
B, PMIC [ vy E O —H U ZABITLET,
FRTO DCDC & LDO K AIXFEEFIZ turn off LET .

MP5416 Rev. 1.22
8/20/2018
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

Detect
Shutdown \ ‘
DC/DCA Event
DC/DCx !
LDOx !
RSTO ‘

Figure 7: Shutdown Sequence

2. High Efficiency Buck Regulator

Buckl~Buck4 DREIEAZEREE DCDC v/ \—4IE.
UVLO, VZhR4E—, HERK. EvoT7yvTBERGFR
EHLAABEINTLET, BEREKE Constant—on-
time(COTH| X, B EEEMRELZIRELET , Buckl
M5 Buckd DRAYFUT IRy, B E—FENME
(CCM) MFF. Phase shift BI1E&4TULVET , £7= Buck2 &
Buck4 (& 100%Duty E—FEIfEZHR—FLE T,

Power Supply and UVLO

VIN1 [& Buckl D A F1RTY , VIN2 [& Buck2, LDORTC,
LDO2, LDO3 M A JIIRTY , VINS [& Buck3 D AFRET
9, VINA (X, Buck4 D ANIRTT, VINS (X, LDO4,
LDO5 M A FBETY , AVIN [FREOSYIADINA T R
BERDANRTT,

VINT, VIN3, VIN5,& AVIN (&, ERTUL REHFH>T-UVLO
MEENHYET, VIN2 & VINA [XFEL UVLO #gexS T
FLTWETAVIN N EFL. EFFED UVLO BfEZE
#Z 715, nPBIN Oy oM A R—TJLEAY, start-up
& shutdown A UKRZITANGFHEIRELGYET,
LDORTC I& VIN2 A LR D UVLO RREZHA =57
HDF4TIZIEYET . /8T—h turn-on T BRIE. AN
shutdown E & 15uAtyp BV ET,

Internal Soft Start (SS)

Soft-start #&EIE PMIC M AMNRE— 7y TB A
—N—a1— b ERETIDEHEET , PMIC KARE—
F7yFLi=5. AER/NT—L—ILD soft-start TBIEH
oV ERHLET,

Soft-start#fifE (L) 7L ABEZBA -V IR 22—k
aAVTUYBREFTRESNET . CORF. VI7LUR
BEMNBIZHANET , 4CHDBuckaAV /N\—4H AIZ
DUV Tsoft-start(£450uSTEIE TY , LDO2-LDO5SH 1
M soft-start (X 7T0uS TEIZE T9 , LDORTCH 71 D soft—
start X JL—L—kE35mV/uSEE > TNVET

Output Discharge

Power—off —4 >V ABOH AV TUoHIRILE—D
WEIZDULVT., DCDC I /A—44% DO DHAND
GND "D 7V TATIEMEREEICEYET . KD CH
A disable [ZHEBE WE/NRAM turn—-on 1ZHYET,
Typical INEEIE 7TQ TT ., COMEBHEEIL 'C 1242
—71—X[Z&>T ON/OFF TEFET,

3. System Control Signals
3.1 nPBIN Functions

nPBIN I ILFHEEE L T, Tyl amRavgév=a
FIL)eybERHELET . COEVIZRET AVIN (127
WTFZYTEN, TILT7YvTEFREHYET,

MP5416 (X vy aRa e =—a7IL)ybDH BI%E
BRI®D Pull-low &I TITLVET . nPBINZY =27 JLY)
Yk GND ~NEHRL TSN, TydaRkavid,
499k Q HEHE LT GND ~NEREL T &Y,

TYaAREAVARVNETZ AT I YRR MEE]
YAAEBEERL., HRDEIY5AH bit Z High [Ty
FLET, ML 31 R—T O Status2 LU RAZSHEL
TLEELY,

MP5416 Rev. 1.22
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

2
-—{F——-

50k nPBIN
\00 Manual RESET
Push Manual¢ 7
Button Reset
A4
Figure 8: nPBIN Functional Block Diagram
3.1.1 Push Button Control . power—on —4 U ZAMAA—kLET, 20 Power—on

Long Press ]_/Start-Up :/_"7'>Z[j: CPU fJ“%‘Jﬁﬂﬁﬁ&ﬁ‘?‘%ﬁﬁl:ﬁ%TbU(fli
PMIC 75§ power—off 47(%035? :EJL/ AVIN 75{ UVLO Eﬂﬁg fil’i?zf/.\lo Pi);V\GLY_On "/TIT‘/;EXHEOJ%%T1E%IJ: RSTO
EHAL DT UL REUM 2 BELE Low [&nfgs =7 Hish ISRUET, (B9 S

nPBIN A
0-——— PUSHBUTTONTIMER

OouT1

ouT4

RSTO

Figure 9: nPBIN Push Button Long Press 1: Start-Up
Long Press 2/Shutdown Power—off —#4 > X (& start-up —4 U REFED T —

Power—on IREEDREF, 8 #LL L Push bottun /A% Low [Z TURTY, .
tiot-BS . Power—off & —4 Y AW R A—RLET HL.nPBIN A% 49.9kQZSLT Low [Thof=&E(E,

MP5416 (£ X TDHOLF 1L —32& LDO A turn off LFE MP5416 (3 power-off Z#E#ELET o (B 10 SH)
9. (OUTRTC Li4})

nPBIN k . y TTTT7T

o JE—
OuUT1
OouT4
RSTO
Figure 10: nPBIN Push Button Long Press 2: Shutdown
MP5416 Rev. 1.22 www.MonolithicPower.com 21
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3.1.2 Manual Reset Control
Short Press and Release/Manual Reset
L. MP5416 H¥ power—off JREEMEF, nPBIN % %2 £AfH
X=a7I)L)yrEELYE debounce 24 L 30mS T
[Ff-BF. MP5416 | power-on —4 2 AMRAA—KLE

T, MP5416 MNA—2A U LzB, EHE~=—17 /LUt
yEEELYE 30mS @ debounce FfEi&LY nPBIN T
(Fr=bR=—a7I)L)yraed ) ALET (K 11 S
)

Manual Reset function J

NPBIN  |power gn factor
0- ‘
OuT1

ouT4 / |

RSTO

MP5416 is in power off
i state |

Figure 11: nPBIN Push Button Short Press to Ground

R=a7 Iy ERE LB, PMIC (E¥=a7 /L)t
yhRE A —RAENDET, power-off E—FIZAS
MEHELET, ZL T, PMIC [EEE debounce #4 L
30mS D% power—on IREEICAYZET,

3.2 Auto Turn-On

3£ L. AUTOON bit AX OTP # B T—7 JL T High IZtvk
SNTULV =B, SATAIXSYSENZTIAILT1(ZE
whLZET . PMIC [X AVIN AS UVLO RRIEZF A =5,
power—on —4 U X IZHENRIIZFEITLET .
COBE.VATLIKX. TyPaRa M ESELICEE
BIZRAA—, 7T LET, Power-up D&, Ty al
RlE. ¥ =a27F )L power-on/off I AIREIZZAY
SYSEN [& I?C T read/write B3 EMTEET,

3.3 RSTO (Reset Output)

Buck4 tH 73H¥ ready (Vfb>90% Vref) &7Eof=F, RSTO H
AL RSTO delay ZALDEH &, processer HY enable &
155&S51Z high 124YET, RSTO (ISR TILT7VTE
RTAH—TURLAUHERKIZIYET, RSTO [, Buck4

#VIN reaches

§)

LO

HAM/—<ILH D 80%I 2B h, AT Lh power—
off E5. vy T I UES. repower-on E5EHEEL
=5 pull-low [THEYFET, .

3.4 Thermal Warning and Shutdown

H—<JL warning & shutdown (&, T /N4 XD 1B EAE{E
FTHIEHEBIEE T, Die SREMN 120°CHEMZ =5,
MP5416 [& OTWARNING bit % 1 [CtvkLET,

£ L. Die JREM 153°CE#Z =5, MP5416 (&
OTEMPP bit & 1 [CtzybLET, — ATV RTALIF DY
YT = U AABITLET,

ZLT.Die A 130°CIZIETFL=6. BELFXaL—42(X
power—on —4 U AANBITLET,

3.512C Timing Graph
PCAVA—T—RITABERTEEL. ZDEIRIE
2VEE T, VINA power-upL TLVNB[HE . VINASUVLOZE
#BZ=5,. ZM2VERIL0.5mSdelayD & [Zready &7i Y
FY, IHITIMSDE ., PFCA U A—T— R EAATEE
IZBYET, (R1258)

VIN

Internal
2V

12C

From this point, I°C can be
» normally operated.

comma
nd

S Y

05ms |

5mS

Figure 12: I12C Timing Graph
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I°C INTERFACE

I2C Serial Interface Description

I’C (& 2-wire TT—A54 2 (SDA) &/0vI54 > (SCL
YINSIEBRMARDU) T IVABA—TTALATY , 2D
SAVIE FERENTWENE, A THAREEIZTIL
FTYTENTWET , YRE—T /NI RIEL. SCLEBET
NNARTRLREQAZ 2= —2aVERISED=OIC
ZDSAUITHEHELET  MP5416 (X, N RE—FE—
K (3.4MHz) £ 77 —RX+E—FK (400kHz) #H 7 R—+3 3%
PCRAL—TTNARTT, 2D PCAUHF—TT—RIZT
INT—HTS5A4Y) 21— & FHMEEHF-ETOE
T, ZTNF  HEAEEEFDEBRIL—L—, fthdD/N
FGA—RGEREICPC AV A—T—ATAVMA—JLT
ETET, TRE— 8-bit DTFRLREEZEHLED,
write M read BIfEEIERLT 7-bit DTFRLAZHIFT
EHLET,

Start and Stop Conditions

Start & Stop EB XY RI—T /NS RIZ&>THEREHN
LPCIEBDHRFEYEERDOYDEBTERLET , Start 2
F43avlL. SCL A High T. SDA {E8 ? High /5 Low
ICBRTHETRESNET, Stop AV TaavIE
SCL A% High T SDA {8 H' Low M5 High 2B T 52
LTRESINTET, (K13 58)

START condition

STOP condition

Figure 13: Start and Stop Conditions

TRA—TINA R, SCL yOvHEERL. SDASAY
LT read/write DA bit, T/NAAF7RLRAZZEHLE
ERS

Transfer Data

F—A(. SDA SAUIZT 8-bit N+ TEHEINET,
FhEND byte T—4(F acknowledge bit HMFINEH
TWET,

I2C Update Sequence

MP5416 & single data update MT=8HIZ. REZ—,aT
143230, B PC TRLA L RAZTRLU R byte, &
T—74 byte ZILELLET , MP5416 (X,
U892 18)LAD High BARS®IZ SDA SAUM
TILlow ENBZEITEOTENEND byte ARSI
F93, B%AE PC PRL AN MP5416 Z:381RL . MP5416
A LSB byte DI TFYI VO TEHEEITLET . I’CIC
&5 write & read —4 U ABIETERISRLET,

8 bits 8 bits 8 bits
A A A
4 N 4 4 A
| 5| Slave Address | WR | A | Register Addressk | A| Write Data | A | P |
I:I Master to Slave A = Acknowledge (SDA = LOW) S = Start Condition WR Write =0
NA = NOT Acknowledge (SDA = HIGH) P = Stop Condition RD Read =1

I2C Write Example — Write Single Register

8 bits 8 bits
A

8 bits
A

A
4 N

N\

4 A
|S| Slave Address | WR |A

| Register Address K | A | Write Data K | A | Write Data K+1 | A
N

Write Data K+N | A | P |
J

Y
Multi byte write executed from current register location (the read

|:| Master to Slave
|:| Slave to Master

A = Acknowledge (SDA = LOW)

NA = NOT Acknowledge (SDA = HIGH)

only register will be skipped)
S = Start Condition WR Write =0

P = Stop Condition RD Read =1

I2C Write Example — Write Multi Register

MP5416 Rev. 1.22
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

8 bits 8 bits 8 bits 8 bits
A N

/4 N\ /4 /4 N\ /4 N
| S | Slave Address | WR | A | Register Address K | Al 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
|:| Master to Slave A = Acknowledge (SDA = LOW) S = Start Condition Sr = Repeat WR Write =0
. Start Condition
|:| Slave to Master NA = NOT Acknowledge (SDA = HIGH) P = Stop Condition RD Read =1

I°C Read Example — Read Single Register

MP5416 Rev. 1.22 www.MonolithicPower.com 24
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REGISTER DESCRIPTION
OTP eFuse Configuration Table

# | NAME D7 D6 | D5 D4 | D3 D2 D1 DO

00 | crLL AUTOON FREQUENCY PUSHBUTTONTIMER RSTODELAY

o1 | crL2 ILIMBUCK1 ILIMBUCK3 | NIA PWRONDELAYBUCK1

02 | CTL3 | MODEBUCK1 | NOT NEED PWRONDELAYBUCK2 PWRONDELAYBUCK3

03 | CTL4 | MODEBUCK2 | NOT NEED PWRONDELAYBUCK4 PWRONDELAYLDO?

04 | CTL5 | MODEBUCK3 | NOT NEED PWRONDELAYLDO3 PWRONDELAYLDO4

05 | CTL6 | MODEBUCK4 | NOT NEED PWRONDELAYLDO5 N/A

06 | VSET1 | ENBUCKL BUCK 1 VOUT SET: 0.6V-2.1V/100mV STEP | I°C SLAVE ADDRESS A3, A2, AL
07 | VSET2 | ENBUCK2 | BUCK 2 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP N/A

08 | VSET3 | ENBUCK3 BUCK 3 VOUT SET: 0.6V-2.1V/100mV STEP N/A

09 | VSET4 | ENBUCK4 | BUCK 4 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP N/A

10 | VSET5 | Reserved | LDORTC OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP N/A

11 [ VSET6 | ENLDO?2 LDO2 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP N/A

12 | vSET7 | ENLDO3 LDO3 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP N/A

13 [ VSET8 | ENLDO4 LDO4 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP | OTP VERSION D1, DO
14 [ vsET9 | ENLDO5 LDO5 OUTPUT VOLTAGE SET: 0.8V-3.9V/100mV STEP | OTP VERSION D3, D2

OTP eFuse Selected Table by Default

OTP Items Buck1 | Buck?2 | Buck3 | Buck4 LDORTC LDO2 LDO3 LDO4 LDO5
Output Voltage 1.2v 15V 1.8V 3.3v 3.2V 3.3V 3.3V 1.1v 1.8V
Initial On/Off On On On On On On Off On On
Mode FPWM PFM FPWM FPWM N/A

Power-On Delay/Time Slot # 2ms/1 ams/2 ams/2 O0ms/0 Always on ‘ 4ms/2 ‘ 6ms/3 ‘ 2ms/1 ‘ 4ms/2
Automatic Turn-On Yes

Switching Frequency 1.5MHz

Push-Button Timer 2 seconds

RSTO Delay 10ms

Buck 1 Peak Current Limit 6.8A

Buck 3 Peak Current Limit 5.6A

I12C Slave Address 0x69

OTP Version 0000

MP5416 Rev. 1.22
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Descriptions

NAME BITS | DEFAULT | DESCRIPTION
System HE)Z—> 74> bit. £L, AUTOON A\ High [ZtykShf=BE, system (&, AVIN A%
UVLO 316 EAUREZF#E R /=5 power-on —4 2V RIZAVYET,
AUTOON D[7] 1 C DB, push button (nPBIN)Z IR I EIZHYEE A
AUTOON bit 1&#RI&. AVIN A% UVLO 315 _EAYRIEIZELT-S SYSEN LU RZ(CA—KE
nEzy,
Switching frequency set bit.
00: fs = 1IMHz
FREQUENCY D[6:5] 01 01: fs = 1.5MHz
10: fs = 2MHz
11: fs = 2.56MHz
push button 3L 1 power—on deglitch 214 <—%
Fsw = 1MHz Fsw = 1.5MHz Fsw = 2MHz Fsw = 2.5MHz
000 0.75s 0.5s 0.375s 0.3s
001 1.5s 1s 0.75s 0.6s
010 2.25s 1.5s 1.225s 0.9s
PUSHBUTTON .
TIMER D[4:2] 011 011 3s 2s 1.5s 1.2s
100 3.75s 2.5s 1.875s 1.5s
101 4.5s 3s 2.25s 1.8s
110 5.25s 3.5s 2.625s 2.1s
111 6s 4s 3s 2.4s
There is no corresponding data in the 12C register table for the three bits.
output delay ) vk
Fsw = 1MHz Fsw = 1.5MHz Fsw = 2MHz Fsw = 2.5MHz
00 210ms 140ms 105ms 84ms
RSTODELAY D[1:0] 11 01 150ms 100ms 75ms 60ms
10 75ms 50ms 37.5ms 30ms
11 15ms 10ms 7.5ms 6ms
There is no corresponding data in the 1C register table for the three bits.
SYSEN = high H5 Buckx/LDOx RA—rETHEERMH
000: Oms —time slot 0
001: 2ms —time slot 1
010: 4ms — time slot 2
PWRONDELAY 011: 6ms — time slot 3
BUCK1-4 3 bit 100: 8ms — time slot 4
LDO2 6 ' : 101: 10ms — time slot 5
) 110: 12ms —time slot 6
111: 14ms —time slot 7
Delay time between neighbor slots are related with the PMIC default switching
frequency. Refer to the Operation section on page 16 for details.
There is no corresponding data in the I12C register table for the three bits.
mode L 7t (auto PFM/PWM mode or forced PWM mode).
0: auto PFM/PWM mode (Buck 2 default mode)
MODEBUCKX 1 bit 1: forced PWM mode (Buck 1, Buck 3, and Buck 4 default mode)
These bits are loaded into the 1°C register MODEBUCKX during VIN1 exceeding
UVLO.
MP5416 Rev. 1.22 www.MonolithicPower.com 26
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Descriptions (continued)

NAME BITS | DEFAULT | DESCRIPTION
Buck L¥a1L—4® current limit 70435 L:
) 00: 3.8A typical high-side peak current limit
ILIMBUCK1/3 | 2 bit 10 01: 4.6A typical high-side peak current limit
10: 5.6A typical high-side peak current limit
11: 6.8A typical high-side peak current limit
I2C SLAVE
ADDRESS A3, 3 bit 001 Page28 M slave I2C address D A3 M5 Albit ZSHE.
A2, Al

MP5416 Rev. 1.22
8/20/2018

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

www.MonolithicPower.com

© 2018 MPS. All Rights Reserved.

27




mes

MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

I°C Register Map

ADD
(HEX) NAME R/W D7 D5 D4 D3 D2 D1 DO
00 CTLO riw SYSEN SFRST Reserved Reserved Reserved
o1 CTLL o Reserved MODE MODE MODE MODE DISCHG DISCHG DISCHG
BUCK1 BUCK2 BUCK3 BUCK4 BUCK3 BUCK2 BUCK1
DISCHG DISCHG DISCHG DISCHG DISCHG
02 CTL2 r/w DVS SLEW RATE BUCK4 LDO2 LDO3 LDO4 LDO5 Reserved
03 ILIMIT riw ILIMBUCK1 ILIMBUCK3 ILIMBUCK?2 ILIMBUCK4
04 VSET1 r/w ENBUCK1 BUCK1 OUTPUT VOLTAGE SET: 0.6V-2.1875V/12.5mV STEP
05 VSET2 riw ENBUCK2 BUCK2 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
06 VSET3 riw ENBUCK3 BUCK3 OUTPUT VOLTAGE SET: 0.6V-2.1875V/12.5mV STEP
o7 VSET4 r/w ENBUCK4 BUCK4 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
08 VSET5 r/w ENLDO2 LDO2 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
09 VSET6 riw ENLDO3 LDO3 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
0A VSET7 r/w ENLDO4 LDO4 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
0B VSET8 riw ENLDO5 LDO5 OUTPUT VOLTAGE SET: 0.8V-3.975V/25mV STEP
oc RESERVED
oD Statusl r PGLDO4 PGLDO3 PGLDO2 PGRTC PG4 PG3 PG2 PG1
OE | Status2 | r KEYON KEYOFF | MREST SHOCF;,EKEY SFRST_ON | Reserved | Reserved PGLDOS
OF Status3 r OTWARNING OTEMPP Reserved Reserved Reserved Reserved Reserved Reserved
10 Reserved
11 ID2 r VENDOR ID OTP VERSION

Register Description

[°C Bus Slave Address @9
slave address (& read/wirte @ 8data [Z&B FEEM Tbit TY , A3, A2, and Al bits (X, by the OTP eFuse TTOY S LTEE

-g—o

A7

A5 A4

Setting Value

NOTES:

10) By default, the slave address is 0x69, A[7:1] = 1101 001.
11) This bit is programmable by the OTP eFuse.

MP5416 Rev. 1.22
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1. Reg00 CTLO

10: 4.2A typical high-side peak current limit.
11: 5.2A typical high-side peak current limit.

NAME BITS | DEFAULT | DESCRIPTION RESET CONDITION
System enable on/off bit. MP5416 5\ power—on event Zf&H L
=5, 2D bit (& 1 [2EybENFET, £L T, power-on —7>
AMRALA—kLET, DC/DC converters & LDO regulators [&.
A4 % — T JL bit (eg: ENBUCKI = 1) & power-on delay
(POWERONDELAYBUCKNEREIZ&>T, ¥—4 >+ )LIZ ON
BY OTP | LthrETd .
SYSEN D[7] AUTOON A AVIN < UVLO
CDbitE 1 M5 0123 B&E power—off —H U ADRN)AENE
9, PC A SYSEN & 1 V5 0 [TERE LB, 1D PC LU RA
FUEyhENFEEAMP5416 (&, Ty aRavnRRBLA.
debounce AL 30mS U EDT=27I)L)tEYMESERHEL
o BEAF—TIITHYET,
Software !Jtz:ybk, SFRST bit A% high IZEEEINT=5. MP5416 | AVIN < UVLO or
SERST D[6] 0 I&. 8ms F>T. T RTD power L—ILERA—b,EEFET, | RSTO from low to
RSTO {54 low A\ high [CERFESN =5, MP5416 (&, BE | high
SFRST =0 IZRELFET .
2. Reg01CTL1
NAME BITS | DEFAULT | DESCRIPTION RESET CONDITION
PFM/PWM mode or forced PWM mode.
MODEBUCKX D[6:3] BY OTP 0: auto PEM/PWM AVIN < UVLO or
1: forced PWM mode SFRST or manual
Regulator DR2:0] 1 Output discharge 4 #—J JL bit. output discharge HEREIL . reset or long press 2
Discharge ' power—off D7 VT4 1ZHYET,
3. Reg02 CTL2
NAME BITS | DEFAULT | DESCRIPTION RESET CONDITION
Voltage scaling slew rate for the Buck 1 to Buck 4
converters.
DVS SLEW | p7.6] o1 00: 32mV/us
RATE 01: 16mV/ps AVIN < UVLO or
10: 8mV/us SFRST or manual
11: 4mV/ps reset or long press 2
Requlator Output discharge enable bit. The output discharge function
€9 D[5:0] 1 is active during the power-off sequence and active after
Discharge
shutdown.
4. RegO3ILIMIT
NAME BITS | DEFAULT | DESCRIPTION RESET CONDITION
Program the current-limit threshold of the buck regulator.
ILIMBUCK1 ) 00: 3.8A typical high-side peak current limit
ILIMBUCKS3 DIX:X] BYOTP | 01:4.6A typical high-side peak current limit
10: 5.6A typical high-side peak current limit
11: 6.8A typical high-side peak current limit AVIN < UVLO
or SFRST
Program the current-limit threshold of the buck regulator. or manual reset
ILIMBUCK?2 ) 00: 2.2A typical high-side peak current limit. or long press 2
ILIMBUCKA4 DIX:X] 10 01: 3.2A typical high-side peak current limit.
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5. Reg04 to RegOB VSET & EN

NAME BITS DEFAULT | DESCRIPTION RESET CONDITION
Buckx and LDOx D Enable bit, default value & 1 TF, LAL.
ENX D[7] BY OTP default SYSEN [&.0 T, Regulator [&.ENx = 1 T, ™D | AVIN <UVLO
SYSEN =1 DB, /A R—TIILSIhFET, or SFRST
or manual reset
BUCK1/3 D[:0] | BY OTP HAOEEZ 0.6V ~ 2.1875V DREIT 125mV ATV T THET | orlong press 2
VOUT SET ' EFEF, (Table 2 BHR)
Table 2: Output Voltage Chart of Buck 1 and Buck 3
D[6:0] VOUT (V) D[6:0] VOUT (V) D[6:0] VOUT (V) D[6:0] VOUT (V)
0000000 0.6000 0100000 1.0000 1000000 1.4000 1100000 1.8000
0000001 0.6125 0100001 1.0125 1000001 1.4125 1100001 1.8125
0000010 0.6250 0100010 1.0250 1000010 1.4250 1100010 1.8250
0000011 0.6375 0100011 1.0375 1000011 1.4375 1100011 1.8375
0000100 0.6500 0100100 1.0500 1000100 1.4500 1100100 1.8500
0000101 0.6625 0100101 1.0625 1000101 1.4625 1100101 1.8625
0000110 0.6750 0100110 1.0750 1000110 1.4750 1100110 1.8750
0000111 0.6875 0100111 1.0875 1000111 1.4875 1100111 1.8875
0001000 0.7000 0101000 1.1000 1001000 1.5000 1101000 1.9000
0001001 0.7125 0101001 1.1125 1001001 1.5125 1101001 1.9125
0001010 0.7250 0101010 1.1250 1001010 1.5250 1101010 1.9250
0001011 0.7375 0101011 1.1375 1001011 1.5375 1101011 1.9375
0001100 0.7500 0101100 1.1500 1001100 1.5500 1101100 1.9500
0001101 0.7625 0101101 1.1625 1001101 1.5625 1101101 1.9625
0001110 0.7750 0101110 1.1750 1001110 1.5750 1101110 1.9750
0001111 0.7875 0101111 1.1875 1001111 1.5875 1101111 1.9875
0010000 0.8000 0110000 1.2000 1010000 1.6000 1110000 2.0000
0010001 0.8125 0110001 1.2125 1010001 1.6125 1110001 2.0125
0010010 0.8250 0110010 1.2250 1010010 1.6250 1110010 2.0250
0010011 0.8375 0110011 1.2375 1010011 1.6375 1110011 2.0375
0010100 0.8500 0110100 1.2500 1010100 1.6500 1110100 2.0500
0010101 0.8625 0110101 1.2625 1010101 1.6625 1110101 2.0625
0010110 0.8750 0110110 1.2750 1010110 1.6750 1110110 2.0750
0010111 0.8875 0110111 1.2875 1010111 1.6875 1110111 2.0875
0011000 0.9000 0111000 1.3000 1011000 1.7000 1111000 2.1000
0011001 0.9125 0111001 1.3125 1011001 1.7125 1111001 2.1125
0011010 0.9250 0111010 1.3250 1011010 1.7250 1111010 2.1250
0011011 0.9375 0111011 1.3375 1011011 1.7375 1111011 2.1375
0011100 0.9500 0111100 1.3500 1011100 1.7500 1111100 2.1500
0011101 0.9625 0111101 1.3625 1011101 1.7625 1111101 2.1625
0011110 0.9750 0111110 1.3750 1011110 1.7750 1111110 2.1750
0011111 0.9875 0111111 1.3875 1011111 1.7875 1111111 2.1875
6. Buck 2, Buck 4, and LDO Regulator Output Voltage Set
NAME BITS DEFAULT | DESCRIPTION RESET CONDITION
BUCK2/4, - . — o~z | AVIN < UVLO
LDOVOUT | D[6:0] | BY OTP : ;3 Brz 0.8\7;% 3975V ORIT, 25mV RTYTTRETE | [ "SesT or manual
SET o (Table 3 ZH8) reset or long press 2
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Table 3: Output Voltage Chart of Buck 2, Buck 4, and all LDOs

D[6:0] VOUT(V) D[6:0] VOUT(V) D[6:0] VOUT(V) D[6:0] VOUT(V)
0000000 0.800 0100000 1.600 1000000 2.400 1100000 3.200
0000001 0.825 0100001 1.625 1000001 2.425 1100001 3.225
0000010 0.850 0100010 1.650 1000010 2.450 1100010 3.250
0000011 0.875 0100011 1.675 1000011 2.475 1100011 3.275
0000100 0.900 0100100 1.700 1000100 2.500 1100100 3.300
0000101 0.925 0100101 1.725 1000101 2.525 1100101 3.325
0000110 0.950 0100110 1.750 1000110 2.550 1100110 3.350
0000111 0.975 0100111 1.775 1000111 2.575 1100111 3.375
0001000 1.000 0101000 1.800 1001000 2.600 1101000 3.400
0001001 1.025 0101001 1.825 1001001 2.625 1101001 3.425
0001010 1.050 0101010 1.850 1001010 2.650 1101010 3.450
0001011 1.075 0101011 1.875 1001011 2.675 1101011 3.475
0001100 1.100 0101100 1.900 1001100 2.700 1101100 3.500
0001101 1.125 0101101 1.925 1001101 2.725 1101101 3.525
0001110 1.150 0101110 1.950 1001110 2.750 1101110 3.550
0001111 1.175 0101111 1.975 1001111 2.775 1101111 3.575
0010000 1.200 0110000 2.000 1010000 2.800 1110000 3.600
0010001 1.225 0110001 2.025 1010001 2.825 1110001 3.625
0010010 1.250 0110010 2.050 1010010 2.850 1110010 3.650
0010011 1.275 0110011 2.075 1010011 2.875 1110011 3.675
0010100 1.300 0110100 2.100 1010100 2.900 1110100 3.700
0010101 1.325 0110101 2.125 1010101 2.925 1110101 3.725
0010110 1.350 0110110 2.150 1010110 2.950 1110110 3.750
0010111 1.375 0110111 2.175 1010111 2.975 1110111 3.775
0011000 1.400 0111000 2.200 1011000 3.000 1111000 3.800
0011001 1.425 0111001 2.225 1011001 3.025 1111001 3.825
0011010 1.450 0111010 2.250 1011010 3.050 1111010 3.850
0011011 1.475 0111011 2.275 1011011 3.075 1111011 3.875
0011100 1.500 0111100 2.300 1011100 3.100 1111100 3.900
0011101 1.525 0111101 2.325 1011101 3.125 1111101 3.925
0011110 1.550 0111110 2.350 1011110 3.150 1111110 3.950
0011111 1.575 0111111 2.375 1011111 3.175 1111111 3.975

7. RegOD Statusl
Status registers are non-latch type. It automatically updates according to its real-time status.

NAME BITS DESCRIPTION RESET CONDITION
Buck & LDO O Power good tH 71, HABEAVI7LUAD 90%L EDEE
[Z75EPG=1 LBYET, F- HABENYT7ZLURAD 80%UTIZASE | AVINSUVLO
PGx D[7:0] | PG=0IZHYFET, or SFRST or manual
PC [2&oT voltage #F A FIVIICEELTLVHHE, PG deglitch %4 2(&, | resetor long press 2
PG BREIEELKLET,
8. RegOE Status?2
NAME BITS DESCRIPTION RESET CONDITION
KEYON D[7] Push button power-on event (long press 1) is detected.
KEYOFF D[6] Push button power-off event (long press 2) is detected. This bit is
. latched
MREST D[5] Manual reset event is detected. once it's
£L.MP5416 H\ power—off IKREEMDBF. nPBIN [&. debounce & triggered
SHORTKEY | Dla] | 1.4 30ms £YRL GND ST AHHYENET, ELT, g;‘lcr'ee‘,i‘fd AVIN <UVLO
: NI —Enca
SHORTKEYON bit A% high IZER EENET . action to
software reset 1R RARHENET , SFRST bit A% high (= | the status
SFRST_ON | D[3] | BE&N1=Bs. SFRST ON bit [£ high %Y. high DIKAEASS | "CIISter
vFEINET,
AVIN < UVLO or
PGx D[0] Power good indicator for LDO5. Non-latch type bits. SFRST or manual

reset or long press 2
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9. RegOF Status3

NAME BITS DESCRIPTION RESET CONDITION
This bit is
Die temperature early warning bit. When the bit is high, the | latched
OTWARNING D7l die temperature is higher than 120°C. once it's
triggered
and cleared | AVIN < UVLO
o o | byaread
OTEMPP D[6] Over-temperature indication. When the bit is high, the IC is | gc¢tion to
in thermal shutdown. the status
register.
10. Reg11 ID2
NAME BITS | DESCRIPTION
Vendor ID D[7:4] | 1000
OTP version D[3:0] | 0000
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APPLICATION INFORMATION
Selecting the Inductor
FEAEDTT)r— 3> TlE Max EFRKYH D
7a<ED 25% KEVERIET. 0.47uH A5 2.2uH D
AUF08%FFERALEY . aPEICT HICITERIE
MM QLUTDAU T V& FERL TSN, &
BLAVFIAOREF X THESNET .

Vour X(Vin = Vour)

Vin XAl xfogc 1)
AIL FAVFORD )y TILERERLET
AF D)y T IILVERITEE max HAERD
S0%FEELERLET . Max 1 F VRAE—VER
FHXQTHEINFET,

L, =

Al

lLvaxy =lom + > o
REBDAVF VAV REFERTHEEETR (L
100mA) THENHELFT .

Selecting the Step-Down Converter Input
Capacitor

RTYITEYAVN—ED ARNERIETEHKRT
Yo TDHRTYTF YA IN—FIZ AC B
Z##EL. DC ANEBREEZRFIHICFIVTUY
NLETY, ZIITIERDMEREZ H T 1-0HITE
ESR DIV TUHEFERALTZEN, F- &
ESR LIEREEENDEHNS X5R H XTR DS
YAV TUYMHERTY  BE 220F OV T
HZEEALFEY,
CUFANDRAYF U T EREHRNTHDT, &
)y TLEREENBETT . ALIAVTY
Y DORMSERIFHQ)THBITEEY,

V, V,
ey = |y opry x| YOUT {1— OUT]
C1 LOAD VIN \/IN

(3
REFEHTVIR=2VoutDIFEIZIZRK (4) TR T
=ET,

- lLoap
c1=
2

(4)

EEBIE T HEA NIV T Y DRMSEREKITH
NDOMaxBEFRDF LU EELTERLET

ARAAVTUOHIXER. VP, €539 IFFER
TEET, EEMNAINAVT UG EFEALE

./ MNETHEEEDESIYIaVTUY (0.10F
£)FICOEEIZFAMLTLESWL, 53y
TUHEFERLERIZIE, AAVYTILEELKE
KEBHENWKIITHRLBBREF ML TZSL, A
HEERFKXG)THAITEET,

AV, = fILOAD y Vour x| 1- Vour
s xCl Vi Vi

(5)
Selecting the Step-Down Converter Output
Capacitor
ATYITEIAVN—2DOH A TUHIE, DC
HABFZRBELET . £33y 2)La0T
VY MMEESR DEfMEIVT UV EFEAL TS
W HAVYTIILVEEZIEST BHICIE, E ESROV
ToYEERLTZEN, HAYYTILEREE, R
(O THETEEY,

V V, 1
AVgr = : OUT_ {1— ﬂj x (RESR + f—j
SXLI \/IN 8><S><CZ (6)

LilZA R ORE, Resr (FHH AV TUH DESIE
MERESRIZHBYET,

TIIVIAVTUOYDIEE . RAIYFUT RIKRET
DAVE—FURIESREBEMNZEHELY ., HAY
YIWBEEDKELREREGYET , BHIRIELI-H
DT IVERIER(NTHETEET,

AVOUT — VOUT x| 1= VOUT
8xf.>xL, xC2 Vin 7)

BRI BREIAVTUOYDIEE . RMVYFUIE
BMTOAE—F U RIE ESR AAXERRIEAY .
HRIEL-E AT IILEEILX. K@) THETE
9,

AVoyr = fVOUE X(’I_%]XRESR

s Xy IN (8)
H AT DR, HIEORE IS B
Lij_o
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MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

Recommended External Components for
DC/DC and LDO Converters

T—7 L4 A EDCDCa /A—H ELDOD HEEE S}
B AICRYET,

Table 4: Recommended External Components

Value Notes

Cin of VINL 224F 0805 size/10V ceramic

capacitor

Cin of VIN2 22uF 0805 S|ze/10y ceramic
capacitor

Cin of VIN3 224F 0805 S|ze/10y ceramic
capacitor

Cin of VINA 22uF 0805 S|ze/10y ceramic
capacitor

Cin of VIN5 104F 0805 S|ze/10y ceramic
capacitor

Cin of AVIN 1uF 0603 S|ze/10y ceramic
capacitor

Cout of Buckl | 22uFx2 0805 S|ze/10y ceramic
capacitor

L of Buckl 1pH Isat > current limit

0805 size/10V ceramic

Cout of Buck2 22uF .
capacitor

L of Buck2 1.5pH Isat > current limit

0805 size/10V ceramic

Cout of Buck3 | 22uFx2 .
capacitor

L of Buck3 1pH Isar > current limit

0805 size/10V ceramic

Cout of Buck4 22uF .
capacitor

L of Buck4 1.5puH Isat > current limit

PCB Layout Guidelines 2

EMLE PCB DLAT7 ORI, BELI-EMEDT-
DIZEBICEETT , RRAMNTHF—IVAD=0
[CIX 4 BEREHRELET . F-. K14 L TRED
HARSAHESBIZEN,
1. GND EXIX/ALy GND Al <iERL TL
=&Y,
2. AAAVTFTUHIE VINEUAELLNSA
D THEHBEL TS,
3. BEZEIZ FB1-FB4 I& Buck1-Buc4 M H A1
T Y M Kelvin connection L TR &
W RLTHEACVZ 520 E ARIGFH
B574—R/\ILENESIZLTLESLY,
4. SW/—FREFEIT4ITHTFATSA4
(FB1-FB4) M@t L TERARL TKFZELY,
NOTE:

12) #HELAT7HIMME 5 R—CDE 14 ZRIZLTOET

Cout of 1uF 0603 size/6.3V ceramic
RTCLDO H capacitor
Cout of LDO2 2.24F 0603 S|ze/6.3y ceramic
capacitor
0603 size/6.3V ceramic
Cout of LDO3 | 2.2uF capacitor
Cout of LDO4 2.24F 0603 S|ze/6.3y ceramic
capacitor
Cout of LDO5 2.24F 0603 S|ze/6.3_\/ ceramic
capacitor
RSTO pull-up | 400k0 | 0603 or 0402 size film resistor
resistor
nPBIN pull-low Push button function. 0603 or
. 49.9kQ ; - .
resistor 0402 size film resistor
AVIN series
resistor to 10Q 0603 or 0402 size film resistor
VIN1
MP5416 Rev. 1.22 www.MonolithicPower.com 34
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Top layer
i Inner layer1
Bottom layer

| EPE

AN <
X X
(8] O
> 0000 0000 ©000 -- 3
m 0000 0000 ©000 ©“B

9000 0000 0000
0000 0000

0000 0000
0000 0000
9000 0000
0000 0000
©000 9000
©000 0000
9000 9009
©000 0000
©000 0000
©000 0000
0000 0000
©000 0000

,

SW2, L2

I*

35

MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

|

me

Buck1

00006 0000

©000 0000
©000 9000
0000 9000
©000 0000
9000 0000
9000 0000
9000 000©
0000 0000

©000 0000
0000 0000
9000 0000
0000 ©000

Figure 14: Recommended Layout 3

13) It is recommended to separate Buck1/3 and Buck2/4’s PGND on the top layer.

NOTE:

www.MonolithicPower.com
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mP5 MP5416 — 5V, DIGITAL PMIC WITH 9 OUTPUTS

TYPICAL APPLICATION CIRCUIT

R VINS5: 2.8V to 5.5V (connect to VIN1 or VOUT4)
.8

100kQ ) 1.8V-T an
VOUT4 2.2uF 2.2uF | 10pF
cis ca ¢is
8 |28 11 12 13

RSTO nPBIN OouT4 OuT5 VINS

1yH  VOUT1: 1.2V

VINT1: 2.8V-5.5V 1
o P4

VIN1 SW1
o1 L
22uF 3 FB1 C6
GND1 22uFX2
- 1.5uH_ VOUT2: 1.5V
- 20 VIN2 SW2 19 )
c2 1
22F 18 M P541 6 Fe2 |21 c7
+ GND2 22uF
- 1UH vt iTa
. 6] yins w3 VOUT3: 1.8V
c3 L
22uF FB3 Cc8
_P“ GND3 22uFX2
- 15uH =
R 15 s swa 118 9 VOUT4: 3.3V
o L .
22uF 17 FB4 5329}:
R2 = GND4 sct P—o L=
100 2 spAa HO -

AVIN
AGND _OUTRTC __OUT2 OuUT3

ﬁf’F 25 24 23 22
c10 c11 c12
L 1F 2.2uF 2.2uF
= L Mol >

= 3.2V 3L VL

Figure 15: Typical Application Circuit @4

NOTE:
14) The minimum input voltage of VIN5 is equal to the maximum nominal output voltage of LDO4 and LDO5.
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PACKAGE INFORMATION

QFN-28 (4mmx4mm)

PIN11D
MARKING

PIN1ID

) L
INDEX AREA ‘

TOP VIEW

3.
4.10

%;LD_D_D_D_D_D_D_AL ! 10:28
0.20 REF 1y
| 0.00
0.05
SIDE VIEW
3.10
0.20x45°
1;%§§Hﬁﬁﬁ R
| ZBO 25
0. 20—;[ —— | g To 50
=t
—— —
— ——

WOﬂﬂHHﬁﬂH%—————*

0. 254)—&)%.50 L'l:mo 20

RECOMMENDED LAND PATTERN

28 085 pIN1ID

T

‘ 0.75

| o
0.75 LL‘U U U U U U / 0.20x45° TYP.
0‘8250 N ‘ 4 14
[ 7‘7 c—— '
> C——— 11— 0.40
050 T O ‘ c——1—" BsC
7 6
5
020 | 0ss
: REARRNAS ﬂ (1] ﬂ T

0.20 " 0.15
0.30 | 0.50_ 40 0.25
BSC BSC

BOTTOM VIEW

NOTE:

1) LAND PATTERNS OF PIN1,6,15 AND 20 HAVE
THE SAME LENGTH AND WIDTH.

2) LAND PATTERNS OF PIN7,14,21 AND 28
HAVE THE SAME LENGTH AND WIDTH.

3) ALL DIMENSIONS ARE IN MILLIMETERS.

4) LEAD COPLANARITY SHALL BE 0.10
MILLIMETERS MAX.

5) DRAWING CONFORMS TO JEDEC MO-220.

6) DRAWING IS NOT TO SCALE.

NOTICE: The information in this document is subject to change without notice. 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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