MP5514

Wide 2.7V to 18V Vi, 5A, High-Efficiency
Bidirectional Power Backup Manager with
Hot-Swap, I°C, ADC, and Capacitor Health Test

DESCRIPTION

The MP5514 is an input power conditioning
power management IC (PMIC) designed for
enterprise solid-state drives (SSDs), non-volatile
dual-inline memory modules (NVDIMMSs), and
other backup system applications. The device
features input current limiting and reverse
current blocking. It also integrates an MPS-
patented, high-efficiency, bidirectional, buck-
boost converter with a single inductor for energy
storage and system power backup during an
input power failure. The MP5514 also provides
an 1°C interface and analog-to-digital converter
(ADC). Users can set the input current limit
(n_umt) and slew rate, and can perform
capacitor health tests via the I2C. The MP5514
monitors system statuses, such as the input
voltage (Vi), input current (In), storage voltage
(Vstre), and temperature. It also provides
interrupt options for these features.

Internal input current blocking prevents inrush
current during start-up, and reverse current
blocking prevents backup energy from flowing to
the failing VIN port. MPS’s patented energy
storage and release management control circuit
minimizes the storage capacitor (Cstrac)
requirement. The circuit increases Vn to provide
a higher Vstre to store energy. If an input outage
occurs, this energy is released to the system
during a hold time (thoLp).

The MP5514 requires a minimal number of
standard external components, and is available
in a QFN-30 (5mmx5mm) package.

FEATURES
e MPS-Patented Bidirectional Buck-Boost
Converter

e Wide 2.7V to 18V Operating Input Voltage
(Vin) Range

e Upto 32V Configurable Storage Voltage
(VsTrG)

e Up to 6A Configurable Input Current Limit
(hn_umir)

e Up to 5A Buck Load Capability

¢ Adjustable Bus Voltage (Veus) Slew Rate

Input Current Limiting with Integrated 14mQ

MOSFET

Input Over-Voltage Protection (OVP)

Reverse-Current Protection (RCP)

Input Power Failure Indication

Storage Capacitor (Cstrc) Health Test

Comprehensive Voltage-, Current-, and

Temperature-Sensing Analog-to-Digital

Converter (ADC)

e Thermal Shutdown

e Available in a QFN-30 (5mmx5mm)
Package

APPLICATIONS

e Solid-State Drives (SSDs)

¢ Non-Volatile Dual-Inline Memory Modules
(NVDIMMs)

e Hard-Disk Drives (HDDs)

e Power Backup Systems

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
registered trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

meSs

TYPICAL APPLICATION
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MP5514GU-xxxx | QFN-30 (5mmx5mm) See Below 1
EVKT-5514 Evaluation Kit - -

* For Tape & Reel, add suffix -Z (e.g. MP5514GU-Z).

TOP MARKING
MPSYYWW
MP5514
LLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP5514: Part number
LLLLLLL: Lot number

EVALUATION KIT (EVKT-MP5514)

EVKT-5514 kit contents (items below can be ordered separately):

# |Part Number Item Quantity
1 EV5514-U-00A MP5514 evaluation board 1
> ————
> EVKT-USBI2C-02 Includes one USB to I2C communication interface, one USB y
3

cable, and one ribbon cable
Online resources Includes datasheet, user guide, product brief, and GUI 1

Order directly from MonolithicPower.com or our distributors.

Ribbon Cable USB to I2C USB Cable | J

Communication Interface Gul !

e Evaluation Board

Figure 1: EVKT-5514 Evaluation Kit Set-Up

MP5514 Rev. 1.1 MonolithicPower.com 3
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

PACKAGE REFERENCE

TOP VIEW
VIN VB PGND SW STRG
30 29 28 27 26 L
CST 1 25 BST
VCC 2 24 RTEST
TPOR 3 23 FBS
OVP 4 22 FBB
SAS 5 21 ICH
PFI 6 20 TEMP
DVDT 7 19 SCL
ILIM 8 18 SDA
AGND 9 17 INT
DET 10 16 PGB
1 11 12 13 14 15 r
VIN VB EN VBO PGS
QFN-30 (5mmx5mm)
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mP5 MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

PIN FUNCTIONS

Pin # Name |Description
Internal charge pump storage capacitance. Connect a 10nF to 47nF capacitor between
1 CST the CST and AGND pins to enable the input current limit (In_umt) MOSFET and the

disconnect MOSFET.

Internal LDO output. The VCC pin provides power to the internal circuitry. Decouple VCC
2 VCC using a 21pF ceramic decoupling capacitor, placed as close to VCC as possible. Do not
add an external load to VCC.

Start-up reset delay. Connect a 21nF capacitor between the TPOR and AGND pins to
set the start-up reset delay time (trror). Float TPOR for the default trror (1.5ms).

Over-voltage protection. A resistor divider connected between the VIN and OVP pins
configures the input over-voltage protection (OVP) threshold (Vin_ove). If Vin ove exceeds
0.81V, then the MP5514 enters buck release mode. If Vin_ove drops below 0.765V, and
the VB pin triggers the bus voltage (Vsus) under-voltage lockout (UVLO) protection, then
the part recovers as the first start-up in default with a new trror. Connect the OVP to AGND
pins if the OVP function is not used.

Configured SAS function. Pull the SAS pin high to turn off the Iin_Lmt MOSFET and have
the part operate in backup mode. If Vsus drops below its UVLO threshold (Vsus_uvio), then
the part exits buck release mode. The internal LDO continues operating. SAS is pulled
down internally via a 4MQ resistor.

Power failure indication. The PFI pin is an open-drain output. Pull PFI up to a power
source via a resistor to enable the power failure indication function. If the DET voltage
(VoeT) exceeds 1.02 x the Vper reference voltage (Voer rer), then PFl is pulled high. If Vper
6 PFI drops below 0.99 x Vpet_rer, then PFI is pulled low. Once PFl is pulled low, it remains low
for a blanking time (200us). If SAS, OTP, or EN is off, then PFl is pulled low. If EN is low,
then PFI is pulled low, regardless of whether PFI is pulled up to an external DC source. If
both VIN and VCC are not available, then PFI is pulled to about 0.85V.

Bus voltage start-up slew rate control. Connect a capacitor 21nF between the DVDT
7 DVDT |and AGND pins to configure the Vsus start-up slew rate. Float DVDT to control the DVDT
time (tovor) via the I2C.

DC input current limit. Connect a resistor between the ILIM and AGND pins to adjust the

3 TPOR

4 OVP

5 SAS

8 ILIM DC current limit (Ilumit) between the VIN and VB pins. Apply >1.5V to ILIM to trigger over-
current protection (OCP) and to disable the isolation MOSFET between VIN and VB.

9 AGND |IC signal ground.

10 DET Input voltage detection. The DET pin sets the buck release voltage (Vsuck_rLs) once the

input voltage (Vin) drops until Voer below 0.99 X Vbet_Rrer.

Input supply voltage. Place a 0.1uF ceramic capacitor as close to the VIN pin as possible.
If the VIN power line is long and the system has a high Vin spike, then place a TVS diode

11,30 VIN at the input. See the Selecting the Input Capacitor and TVS Diode section on page 43 for
more details.
12,29 VB Bus voltage. Place a 22uF to 47uF ceramic capacitor as close to the VB pin as possible.
Enable. The EN pin enables and disables the internal circuitry. Pull EN low to have the
13 EN part operate in buck release mode until the storage voltage (Vstrc) is discharged. The IC
shuts down once Veus drops and EN is pulled down internally via a 4MQ resistor. EN has
a higher sink current if >2V are applied to it.
Internal disconnect MOSFET source. Connect an inductor between the SW and VBO
14 VBO .
pins for backup boost charge mode and buck release mode.
MP5514 Rev. 1.1 MonolithicPower.com 5
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

PIN FUNCTIONS (continued)

Pin #

Name

Description

15

PGS

Storage voltage power good indication. The PGS threshold bits (register 06h, bits[3:0])
are set to 1111 by default. If the FBS voltage (Vrss) exceeds 0.97 x the Vrss reference
voltage (Vres_rer), the then PGS pin is pulled high. If Vrss drops below 0.95 X Vrss Rer,
then PGS is pulled low. PGS can be configured via register 06h. PGS is driven by an
internal circuit, and does not require an external pull-up resistor. PGS is low, regardless of
whether the IC is enabled or disabled. If power from both VIN and VCC are not available,
then PGS is pulled down to about 1.3V.

16

PGB

Bus voltage power good indication. If the FBB voltage (Vrss) exceeds 0.95 x the Vrss
reference voltage (Vres_rer), then PGB is pulled high. If Vrss drops below 0.9 X Vrss_rer,
then PGB is pulled low. PGB is driven by an internal circuit, and does not require an
external pull-up resistor. PGB is low, regardless of whether the IC is enabled or disabled.
If power from both VIN and VCC are not available, then PGB is pulled down to about 1.3V.

17

INT

Interrupt output. The INT is an open-drain output. Even if INT is pulled up to external DC
source, INT is pulled low when If EN is low and the IC is not in buck release mode, then
INT is pulled low, regardless of whether the part is enabled or disabled. If both VIN and
VCC are not available, INT is pulled down to about 0.85V.

18

SDA

I2C serial data.

19

SCL

I2C serial clock.

20

TEMP

Temperature sense input from thermistor to ADC.

21

ICH

Boost charge mode configurable peak switching current. Float the ICH pin to set the
boost charge mode peak switching current to 2A.

22

FBB

Bus voltage feedback sense. The FBB pin regulates Vsus in buck release mode.

23

FBS

Storage voltage feedback sense. The FBS pin sets the Vstre in boost charge mode.

24

RTEST

Resistor connection for the capacitor health test. During a storage capacitor (Cstrc)
health test, the RTEST pin is pulled to PGND internally. A resistor connected between the
STRG and RTEST pins discharges Cstrc. The RTEST discharge current (Irtest) should
be below 500mA.

25

BST

Bootstrap. Connect a bootstrap capacitor (Csst) between the BST and SW pins to supply
the high-side MOSFET (HS-FET) driver.

26

STRG

Backup energy storage. Connect Cstre to the STRG pin for the energy storage and
release functions.

27

SW

Switch output. The SW pin is used for the energy storage and release circuitry. Connect
an inductor between the SW and VBO pins.

28

PGND

Power ground.

MP5514 Rev. 1.1
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance 6:;n Oic

INPUL VOIAGE (VIN) v, 21V QFN-30 (5Smmx5mm)
V8, VBO ceverearreeeeeeeeeeeneeeseseeneeennen. -0.3V to +21V EV5514-U-00A ) ................. 35.....6.5....°C/W
VSTRG, VRTEST werereeeeeereeeeeeeresnnnn, -0.3V to +36V JESD51-7® v, 36........ 8......°C/IW
VSW eevveenns -0.3V (-6V for <10ns) to Vstre + 0.3V
N BT tutt ittt aenees -0.3V t0 VsTrg + 6V Notes:
_ 1) Exceeding these ratings may damage the device.
Vest LTI TR TP CREC RSP CRRE 0.3V to +28V 2) For more details, see the Enable (EN) Control section on page
All other pins.......cceeiiiiieirieen, -0.3V to +6V 24.
@ 3) If these pins are pulled up to a power source, then the current
EN current (Ien) ..oooevvvveeeeieeeeeieeeiieee e, 1mA
I I | | 5mA ® should be below the maximum value.
PFly PGBy IPGSy TINT «everrerenrerrnreirineirnenneinens 5 4) The maximum allowable power dissipation is a function of the
RTEST e eeeee e e 500mA ® maximum junction temperature T; (MAX), the junction-to-
Continuous power dissipation (TA = 25°C) (4) ambient thermal resistance 6,5, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
........ .........................................................3.57W anyambienttemperature iSCaICUIated by PD(MAX)=(TJ(MAX)
Junction temperature .............ccoeiieeeennnnnn. 150°C - Ta)/ B3a. Exceeding the maximum allowable power dissipation
Lead temperature 260°C can cause excessive die temperature, which may cause the
"""""""""""""" o~ o device to go into thermal shutdown. Internal thermal shutdown
Storage temperature................ -65°C to +150°C circuitry protects the device from permanent damage.
. 5) The device is not guaranteed to function outside of its operating
ESD Ratlngs conditions.
6) Guaranteed for temperatures conditions 225°C. If the
Human body_model [(]=]Y/) I 2000V temperature drops below 25°C, then it is recommended to
Charged device model (CDM).................... 750V connect a Schottky diode between the VIN and VCC pins for
start-up from a 2.7V input.
Recommended Operating Conditions ©) 7) Measured on EV5514-U-00A (63mmx63mm), 2-layer PCB.
6 8) Measured on JESD51-7, 4-layer PCB.
Input voltage (VIN) ceeeeevveeeereeeennen. 2.7V ®to 18V
Bus voltage (VBus) ....ccovvvvrrreeeriiinnns 2.6V to 16V
Storage voltage (VsTtrg)........ Vin_wax + 3V to 32V
Max input current (Iin_MAX) ««.eeeeeeeeeeemmmemmeenmnnnn. 6A
Max buck release mode current (lsuck_rLs).....DA
EN current (Ien) eeeoeeeeeeeeeeneeeeiieeenneens 0.5mA @
Operating junction temp (T;). ...-40°C to +125°C
MP5514 Rev. 1.1 MonolithicPower.com 7
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

ELECTRICAL CHARACTERISTICS
Vin = 12V, Ven = 2V, T; = -40°C to 125°C ©, typical value is tested at T; = 25°C, unless otherwise

noted.
Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Power Supply
Shutdown current Isp Ven = 0V, then VIN starts up, T; = 25°C 2.5 5 MA
Vsas =2V, Ven = 2V,
. Veee = VFes = Vper = 1.1V 15 mA
Quiescent current lo
Vsas = 0V, Ven = 2V, 25 3 mA
Ve = VFes = Vper = 1.1V )
VCC regulator voltage Vce VN or Veus = 6V, lvec = ImA 4.75 5 5.25 Vv
Input voltage (Vin) under- Vv
voltage lockout (UVLO) NUWLO_ | EFUSE_UVLO = 00 2.5 v
rising threshold (9 RISING
Vin UVLO falling threshold Viilva_ EFUSE_UVLO = 00 2.3 v
VIN to VB current-limit
MOSFET on resistance Roson)_ciu 14 mQ
VIN to VB continuous | Rium = 36.5kQ, Ty = 25°C 1.9 2 2.1 A
current limit (lunir) warning | =" R\ = 36.5kQ, Ty = -40°C t0 125°C© | 1.84 | 2 | 216 | A
Vin =12V and Veus = 0V, or
Shutdown leakage current lso_ke |0 < 2oy and Vi = OV Ts = 25°C 2 3 HA
VB clamping voltage Veiawe | Vin = 18V 152 | 16 | 16.8 \Y
Bus voltage (Veus) rise DVDT is floating, Vin = 12V,
time (DVDT) (1 voT | BVDT bits = 00, tovor test 1.6 ms
DVDT current Iovor Connect a capacitor to DVDT, 3 uA
IovoT test
Internal reset delay time toeLAY TPOR is floating, toeLay test 15 ms
TPOR current ItPor Connect a capacitor to TPOR, Itpor test 1 MA
Energy Storage and Release
Storage pre-charge current | lpre-cHARGE 250 | 350 | 450 mA
Boost disconnect MOSFET
on resistance Ros(on)_pis 30 mQ
Boost charge mode peak lon ICH is floating, L = 10pH 2 A
switching current Rich = 200kQ, L = 10pH 0.65 A
Energy management high-
side MOSFET (HS-FET) Rbs(on)_ns 80 mQ
on resistance
Energy management low-
side MOSFET (LS-FET) on | Robs(oon) Ls 40 mQ
resistance
Ty=25°C 0.792| 0.8 |0.808| V
FBB feedback voltage VEBB_REF
Ty =-40°C to 125°C 0.786| 0.8 |0.812| V
Ty=25°C 0.792| 0.8 |0.808| V
FBS feedback voltage VEBS_REF
Ty =-40°C to 125°C 0.786| 0.8 |0.812| V
Ty=25°C 0.792| 0.8 |0.808| V
DET feedback voltage VDET_REF
Ty =-40°C to 125°C 0.786| 0.8 |0.812| V

MP5514 Rev. 1.1
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Ven = 2V, T; = -40°C to 125°C ©, typical value is tested at T; = 25°C, unless otherwise

noted.
Parameter Symbol |Condition Min | Typ | Max | Units
FBB feedback current IreB Vees = Vrss = Vper = 0.85V 10 50 nA
FBS feedback current IrBs Vees = Vrss = Vper = 0.85V 10 50 nA
DET feedback current IpeT Vres = Vrss = Vper = 0.85V 10 50 nA
Vin over-voltage protection . -
(OVP) threshold Vin_ove | OVP pin voltage (Vove) rising 0.81 \Y,
Vin OVP hysteresis VIN_ovp_Hvs | Vin_ove hysteresis 45 mV
% of
Vstre OVP threshold VsTrRG_ovp 1.1 VFBs_
REF
VIN to VB isolation MOSFET _
start-up voltage VBus = 5V, then Vin starts up 0.2 \%
VIN to VB isolation MOSFET .
shutdown current Inve s |PFlis low -250 0 mA
PFI high voltage threshold VPFI_HiGH 1.02 % of
VDET-
PFI low voltage threshold VPFI_Low 0.99 REE
PFI falling delay terI_FALLING 0.5 MS
PFI rising delay trrI_RISING 200 VE]
PFI sink current capability Veri_sink | 4mA sink 0.3 \%
PGB high voltage threshold V/pGB_HIGH 0.95 % of
VFBB_
PGB low voltage threshold Vece_Low 0.9 REF
PGB delay trca Rising and falling edge 5 VS
PGB sink current capability Vpee_sink | 4mMA sink 0.3 \%
PGS high voltage threshold Vpes mich | PGS threshold bits = 1111 0.97 % of
VFBs_
PGS low voltage threshold Vpees_tow |PGS threshold bits = 1111 0.95 REF
PGS delay tres Rising and falling edge 25 VS
PGS sink current capability Vpes_sink | 4mA sink 0.3 \%
Buck mode valley lumit ILiMIT_vALLEY 5 6.5 A
Buck release mode switching Vstre = 32V to 10V,
frequency fsw_RrLs BUCK_FSW = 100 380 | 480 | 580 | kHz
Veus UVLO rising threshold (9 VB‘;E:(V;O— 22 | 235 | 25 v
VBus UVLO hysteresis 0 VBUa;L;VLO— 0.1 Y,
Analog-to-Digital Converter (ADC)
ADC voltage range 0 1.28 \Y,
ADC resolution 12 10 bits
ADC conversion time 12 ADC conversion for one data bit 45 hS

MP5514 Rev. 1.1
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Ven = 2V, T, = -40°C to 125°C ©, typical value is tested at T; = 25°C, unless otherwise
noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Logic Interface (SDA, SCL, INT, SAS, EN)

High-level input voltage Vin_HiGH | SDA, SCL, SAS, EN 1.2 \%
Low-level input voltage Vin_tow | SDA, SCL, SAS, EN 0.4 \%
Low-level output voltage Vout_ow [4mA sink, SDA, INT 0.3 \Y
Input leakage current IIn_ke | Connected to 6V, SCL 10 nA
High level output leakage Open drain, connected to 6V, SDA 10 nA
Protection

Thermal shutdown 12 Tsp Forced backup 150 °C
-r:;‘setg?séizr:%down Thys Forced backup 25 °C
Thermal warning 2 TwrN 120 °C
Notes:

9) Derived from over-temperature (OT) correlation. Not tested in production.

10) V\y UVLO determines the IC’s start-up voltage threshold. Vgys UVLO controls the energy storage and release circuitry. The internal regulator
(VCC) is powered by both V\y and Vgys. If either Viy or Vgys exceeds its respective UVLO threshold, the IC does not shut down.

11) See the Start-Up Reset Delay and Bus Voltage Start-Up Slew Rate Control section on page 21 for more details.

12) Guaranteed by characterization. Not tested in production.

MP5514 Rev. 1.1 MonolithicPower.com 10
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

I2C PORT SIGNAL CHARACTERISTICS

Parameter Symbol [Condition Min @3 | Max (13 Min (4 Max @4 | Units
SCLH and SCL clock
frequency fscHL 0 34 0 0.4 MHz
Set-up time for a repeated
start condition tsu_sTART 160 600 ns
Hold time for a repeated
start condition tHD_START 160 600 ns
SCL clock low period tLow 160 1300 ns
SCL clock high period tHiGH 60 600 ns
Data set-up time tsu_pata 10 100 ns
Data hold time tHD_DATA 0 70 0 ns
SCLH signal rise time trRISE_SCLH 10 40 20x 300 ns
0.1Csus_LoaD
SCLH signal rise time after
a repeated start condition | trise_scLH_ 10 80 20 X 300 ns
and an acknowledge RE 0.1Csus_Loap
(ACK) bit
. . 20 x
SCLH signal fall time trALL_ScLH 10 40 300 ns
0.1Csus_LoaD
SDAH signal rise time tRiSE_SDAH 10 80 20x 300 | ns
0.1Csus_LoaD
SDAH signal fall time tFALL SDAH 10 80 20x 300 | ns
0.1Csus_LoaD
Set-up time for a stop
condition tsu;stop 160 600 ns
Bus free time between a
stop and start condition tBus_FREE 160 1300 ns
Data valid time tvp_paTa 16 90 ns
[_)ata valid acknowledge - 160 900 ns
time
. . Should be suppressed
Voltage spike pulse width tspike by the input filter 0 10 0 50 ns
. SDAH line, SCLH line 100 400 pF
Capacitive load for each Ceus. Loro | SDAH line + SDA line
bus line = )
SCLH line + SCL line 400 400 | pF
Notes:
13) Cgus_Loap = 100pF
14) CBUSﬁLOAD = 400pF
MP5514 Rev. 1.1 MonolithicPower.com 11
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

TYPICAL CHARACTERISTICS
ViNn = 12V, Vsus ris = 7.5V, L = 10uH, Ta = 25°C, unless otherwise noted.
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

TYPICAL CHARACTERISTICS (continued)
ViNn = 12V, Veus ris = 7.5V, L = 10uH, Ta = 25°C, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)
ViNn = 12V, Veus ris = 7.5V, L = 10uH, Ta = 25°C, unless otherwise noted.
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

TYPICAL PERFORMANCE CHARACTERISTICS

ViN = 12V, Vstre = 3OV, Vpg = 8V, VBUS_RLS = 7.5V, L= lOHH, lLoap = 5A, Ta= 25°C, unless otherwise
noted.

Storage Voltage vs. Charge Time Storage Voltage vs. Charge Time
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MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vstre = 30V, Vpr =

8V, Veus rLs = 7.5V, L = 10uH, I oap = 5A, Ta = 25°C, unless otherwise

noted.
Start-Up through VIN Start-Up through EN
Isus_Loap = 5A Isus_Loap = 5A
- ] ; ]
CH1: Vgus [ CH1: Vgus
|
CH2: Vin | CH2: Ven mmmm-‘
CH3: VPFI -———_—J/ CH3: VPFI -—-—-———-J -
REF1: VSTRG REF1: VSTRG
cral — | CH4: I, " 1 -
T e ol gl ran"'"‘ vl
E lﬁ&‘:ﬁ" *")" WM ML DML 0 M
100ms/div. 100ms/div.
Boost Steady State Buck Steady State _
RicH = 200kQ Isus_Loap = OA, 22uF ceramic capacitor on VB
% ¥ A
CH2: VSTRG CH1: VB
Offset= R mmmn e [ Offset = W\J\ﬁfw
30V 7.5V
| \
I ¥ S
CH3: V.
cH3:Vaw | . -
CH4: I, ‘ 1 ‘
I I
CH4: I,
1s/div. 400us/div.
Buck Steady State Buck Steady State
Isus_Loap = 3A, 22uF ceramic capacitor on VB Isus_Loap = 5A, 22uF ceramic capacitor on VB
' % ' %
CH1: Vgus CH1: Vgus -
Offset = Offset =
7.5V 7.5V
| I
J W..JLML_HJ ﬂpﬂ._‘ CH3: V. L“
. T AN
cHasl —— | D CH4: I, T
2pus/div. 2us/div.
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ViN = 12V, Vstre = 3OV, Vpg = 8V, VBRLs = 7.5V, L = 10|J.H, lLoap = 5A, Ta = 25°C, unless otherwise
noted.

Vstre Release

Vstre Release
lsus_Loap = 1A

Isus_Loap = 3A

u %
ﬂ 4
CHL: Veus CH1: Veus \_
CH2: Vstre
CH2: VSTRG CH3: Vp|:| | &3
CH3: Ve
LI [ I ™ m ':-'H: ’i‘::"'"
Rl i e, g Vi =
J0MAEL  MMRL  JDMERA 0 ML ||nm L
20ms/div. 4ms/div.
Vstre Release
Isus_LoaD = 5A
b A
CH1: VBUS B L
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CH3: Vpg
CH4: I
2ms/div.
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FUNCTIONAL BLOCK DIAGRAM
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OPERATION

The MP5514 is an energy storage and
management unit in a QFN-30 (5mmx5mm)
package. The MP5514 provides a very compact
and efficient energy management solution for
typical solid-state drives (SSDs) or hard disk
drives (HDDs). MPS’s patented lossless energy
storage and release management circuits use a
bidirectional buck-boost converter to achieve
optimal energy transfer and provide the most
cost-effective energy storage solution.

The integrated boost converter increases the
energy storage voltage (Vstre) level. The
storage feedback resistor divider sets Vsrre. If
the input shuts down suddenly, then the internal
buck converter transfers the energy from the
storage capacitor (Cstre) to the bus, and holds
the bus voltage (Vsus) while the system
consumes the energy from Csrre.

The MP5514 also features an I12C interface. The
I2C interface can be used to write the control
command and the monitor system status. An
integrated analog-to-digital converter (ADC)
converts the voltage, current, and temperature
sensor signals.

Start-Up

If the input voltage (ViN) exceeds the under-
voltage lockout (UVLO) threshold, then VCC and
the 1°C interface are enabled. If VCC is ready
and Vi exceeds Vgys by 20.2V once the power-
on reset delay time is complete, then the
isolation MOSFET between VIN and VB turns on,
and the bus capacitor (Cgus) is charged to Vin
according to the DVDT slew rate.

Once the DVDT voltage (Vovor) is saturated, the
storage boost converter is unlocked and can be
enabled by the register bits. There is a delay time
(about 1.2ms) before the boost converter starts
up to ensure that the isolation MOSFET is fully
on.

The storage boost converter is enabled by

V\N
wiof Ve
_/ ENCH Bit
(1 by default)
J V )

1.2ms delay before Vs is charged

d! VD\/DT I

VSTRG
tror Is Complete 'Boost is Unlocked|

after this Point Charges during Boost
Switching Mode

MP5514

[
-

Trickle Pre-Charge

Figure 3: System Power-Up Sequence

Storage Voltage

After the start-up period, the internal boost
converter regulates Vstre to the set value
automatically. The MP5514 uses burst mode to
minimize the converter’s power loss. If the FBS
voltage (Vess) drops below the FBS feedback
voltage (Vess rer), then the parts enters burst
mode and charges Cstre. ONnce Vsrre iS charged,
and Vgss reaches Vessrer + FBS _HYS, the
converter stops switching. FBS HYS s
adjustable via the IC.

During boost charge mode, the boost switching
current limit (Ilumr) and the low-side MOSFET
(LS-FET) control the boost converter. If the LS-
FET turns on, then the inductor current (l.)
increases until it reaches its peak current level
(set by ICH). Once I, reaches the peak current
level, the LS-FET turns off for the set minimum
off time. If the feedback voltage is below the
internal reference (0.8V) at the end of the
minimum off time, then the LS-FET turns on;
otherwise, the MP5514 waits until the voltage
drops below the reference before the LS-FET
turns on again. In boost charge mode, the high-
side MOSFET (HS-FET) does not turn on, and I
is conducted via the HS-FET body diode.

The boost Iuwr can be configured via the ICH
resistor (Ricn). The configured boost switching
lumr (IcH) can be estimated with Equation (1):

default. The Vstre is charged by a trickle current . (A) = 8 V. o1
(about 350mA) during the pre-charge period. oA Rei(kQ) L(H)x10" (1)
Once Vstre reaches Vaus, the boost switching

circuit is initiated, and Vstre regulated at the Where L is the boost inductor.

target voltage (see Figure 3).
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The boost switching lumr can be configured via
Rich. It is recommended to set the boost
switching Iumir between 0.5A and 2A for normal
applications. Float ICH to set the boost switching
peak current at 2A by default (ICH bits = 11) for
typical 12V input and 10uH inductor application
conditions. See the ICH register description on
page 35 for other boost peak settings while
floating ICH.

The MP5514 has Vstre Over-voltage protection
(OVP). If the feedback Vstre On FBS exceeds
1.1 X Vess rer, then the boost converter’s LS-
FET turns off until Vstre drops to the regulation
voltage. Additional external power to STRG
provided by a voltage exceeding the regulation
voltage is not required.

Shutdown Release

Once the first start-up period is complete, and
the boost converter starts switching, the MP5514
registers and enables the release function. Once
the input power drops and the DET voltage (Voer)
drops to 0.99 x the Vper reference voltage
(Voet_rer), then the storage boost converter
stops charging and enters buck release mode.
At the same time, the isolation MOSFET shuts
down to prevent a negative current from flowing
between VB and VIN.

In buck release mode, the MP5514 transfers
energy from the high-voltage Cstre to the low-
voltage Cgus. The regulated Vsus is determined
by the Vesg reference voltage (Vess rer) and the
resistor divider between VB and FBB.

Figure 4 shows the detailed system shutdown
process.

Cstre Can Supply Veus
Vstro

VIN

VHUS .

Storage Regulation N — Vaus UVLO

Ve

MP5514

-

Figure 4: Shutdown through VIN

Buck release mode has a max Iumt function that
limits the release current. In each buck release
mode switching cycle, the HS-FET remains off
until I. drops to the valley lumir (typically 6.5A).

Input Recovery Start-Up

If Vin fails and is restored, then the MP5514
remains in buck release mode. If Vstre is
discharged, and Vsus drops below the Veus
UVLO threshold (Vsus uvio), then the MP5514
restarts from the recovered V. This starts a new
Vn start-up cycle with a start-up reset delay time
(trpor).

Input Current Limit

The input lumr (n_ umir) controls the input inrush
current of the isolation MOSFET to prevent
inrush current from flowing between VIN and VB.
The internal DVDT bits or external DVDT
capacitor (Cpvpr) can set the soft-start time (tss).
In addition to soft start (SS), ILIM can limit the
steady-state current by connecting a resistor
(RiLm) between the ILIM and AGND pins to set
In_umir. Iin_umir can be estimated with Equation

(2):

70.04
| =———_+0.08 2
IN_LIMIT RILIM (kQ) ( )

ILIM also monitors and indicates the isolation
MOSFET current. The relationship between the
input current (In) and the ILIM voltage (Viuwv) can
be estimated with Equation (3):

_ Vi x64.26

R 0% O

Vium can be read via the ADC. Viuwm is below
1.09V for normal applications. If a >1.5V voltage
is applied to ILIM externally, then the isolation
MOSFET shuts down.

If the VB load is close to the ILIM threshold
during each boost refresh cycle, then In may
trigger Iin_umir, @s well as the system interrupt. To
avoid continuously triggering the ILIM interrupt,
the input over-current (OC) interrupt is masked
automatically during each boost refresh cycle.
The mask time depends on the boost switching
time.

The OC_RLS_EN bit determines the behavior of
the backup buck converter once input over-
current protection (OCP) s triggered. If
OC_RLS EN is set to 1, then the backup buck
converters starts up to maintain Vgus once input
OCP is triggered and the FBB voltage (Vegs)
drops to Vess rer. Once Vegs is charged to

MP5514 Rev. 1.1
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105% of Vese _rer, the buck converter turns off.
The buck converter is off during the boost refresh
cycle, even if OCP is triggered. If OC_RLS EN
is set to 0, then the backup buck converter
cannot be turned on by FBB.

The isolation MOSFET also has fast OCP for
extreme OC conditions. This is the second level
of OCP. The fast OCP threshold is about 11A,
with a +10% tolerance. Once fast OCP is
triggered, the isolation MOSFET turns off without
entering buck release mode. The MOSFET turns
on again once the OC fault is removed and VIN
is present.

Start-Up Reset Delay and Bus Voltage Start-
Up Slew Rate Control

TPOR controls the power-on reset function for
hot swapping. Float TPOR to set the start-up
reset delay time (treor) to its default time (about
1.5ms). If an external capacitor is connected to
TPOR, then an internal 1pA current charges the
capacitor between 0V and 1V, and determines
trror. trror Can be estimated with Equation (4):
C x 1V

trpor = % (4)

After trror, @ capacitor across DVDT sets the VB

tss. During tss, the relationship between VB and
DVDT can be estimated with Equation (5):

VB =13 x VDVDT (5)

Where Vopvor is the DVDT capacitor voltage
charged by a 3pA current.

The Vpvor charge is saturated to about 1.23V.

tss between OV and Vv can be estimated with
Equation (6):

_ VBxCpypr

= 6
55 13x3pA ©)

Float DVDT to configure the VB rise time via the
internal DVDT register bits. By default, the
DVDT bit is set to 00, and the VB slew rate is
about 7.5V/ms. If DVDT is floating, the VB rise
time from OV to 12V is 1.6ms by default.

Reverse-Current Protection (RCP)

The VIN to VB MOSFET turns on once Vi
exceeds its UVLO rising threshold
(VIN_UVLO_RISING) and (VBUS + 02V) This MOSFET
turns off once Vper drops, and the MP5514
enters buck release mode. The MOSFET does

not turn on again until the part exits buck release
mode.

If energy from the storage capacitors is released
to VB, then the isolation MOSFET circuit
employs reverse-current protection (RCP). A
250mA reverse current from VB to VIN typically
shuts down the isolation MOSFET.

Start-Up Sequence

After start-up, the MP5514 operates with the
trror and DVDT tss. During the VB rise time, an
internal charge pump charges the CST capacitor
(Ccsr). This provides a driver source for the hot-
swap MOSFET. A shorter DVDT time may
trigger the input current-limit threshold. A larger
Ccst may affect the charge-pump slew rate. It is
recommended that Ccst be 10nF. During the
DVDT tss, the VB capacitor (Cyg) is charged, and
Csrtre is Not charged.

Once Cyg is charged, Vovor charges to about
1.23V and is held at the saturated voltage. If PFI
is high and DVDT is saturated, then the charge
function is enabled and Cstre charges to the
target voltage.

Storage Capacitor Test

The MP5514 provides a capacitor test function
that discharges Cstrc Via an external resistor
connected between STRG and RTEST. Figure 5
shows the Cstre test circuit.

STRG

RTEST

M1

GND

Figure 5: Storage Capacitor Test Circuit

The MOSFET is about 4.5Q, and the peak
discharge current should be limited to below
500mA via an external resistor (even if it is
discharged in a short time).

If the START_CAP_TEST bit is set, then the
MP5514 disables boost charge switching, and

MP5514 Rev. 1.1
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RTEST is connected to GND via the internal
MOSFET (M1) for energy discharging. The
MP5514 enables Vstre ADC conversion once
Vegs drops below the Vess rer threshold. The
system-on-chip (SoC) can read Vstre Via the I12C.
Simultaneously, an internal counter is enabled to
measure the discharge time. The counter
continues until the capacitor voltage drops below
the PGS threshold. Once Vstre drops to the PGS
threshold, the ADC reads Vstre again, and the
CAP_TEST_DONE hit is set to indicate that the
capacitor test is complete. CAP_TEST_DONE
produces one interrupt signal to inform the SoC
that the test has been completed. The SoC can
read Vstre and the counter timer register. With
the initial voltage and end voltage reading, the
SoC determines whether the discharge time is
acceptable.

At the first ADC conversion, the MP5514 reads
VsTrG and stores it in the
ADC_BACKUP_VOLTAGE_DATA2 register.
Once the capacitor is discharged, the ADC
records the end voltage to the
ADC_BACKUP_VOLTAGE_DATA1 register.
The counter result is stored in the
CAP_TEST_TIMER register.

Once the capacitor test is complete, the
START_CAP_TEST bit is reset, and the
recharge function is enabled. Figure 6 on page
23 shows the capacitor test flowchart.

The SoC capacitor test function operates as
follows:

1. Write “1” to register 04h, bit[2] and bit[6] to
mask the PGS not good interrupt and ADC
complete input.

2. Write a value to register 06h, bits[3:0] to set
the PGS threshold. Write “00” to register
06h, bits[3:0] to set the PGS threshold at
80% of VsTtRraG.

3. If Vinis below 3.8V, then write “1” to register
1Bh, bit[1] to turn on the internal Vstre for
the VCC LDO. If Viv exceeds 3.8V, then
ignore this step.

4. Write “1” to register 01h, bit[3] to start the
capacitor test. The MP5514 disables the
Vstre Charge function once Vstre exceeds
the set Vegs. Register 01h, bit[0] does not
change. Once Vsrtre is charged, Cstre iS
discharged via an external resistor. The ADC

starts once Vegs drops below the Vegs rer
threshold. The ADC reads Vstre, and stores
data in ADC_BACKUP_VOLTAGE_DATA2
register. The internal timer starts once Vess
drops below the Vess_ rer threshold.

If register 02h, bit[7] is set to 1, then the
capacitor test is complete once the interrupt
signal is received from the MP5514. Once
Vstre drops to the PGS threshold, the part
stops discharging Vsrtre, and the timer value
is written to the CAP_TEST_TIMER register.
If the PGS falling threshold is triggered, then
the MP5514 starts up the ADC again and
stores the data in the ADC_BACKUP_
VOLTAGE_DATA1 register. Once ADC
conversion is complete, the MP5514 sets the
CAP_TEST_DONE bit. Register 01h, bit[3]
is reset to 0 to clear the START _CAP_TEST
bit. The boost charge function is enabled
automatically.

Read register 12h, bits[7:0] and register 13h,
bits[1:0] to store the final voltage (Venal) (10
bits total). Register 12h is the high byte, and
register 13h is the low byte. Read register
14h, bits[7:0] and register 15h, bits[1:0] to
the initial voltage (Vinmal) (10 bits total).
Register 14h is the high byte, and register
15h is the low byte. Read register 16h,
bits[7:0] and register 17h, bits[7:0] to store
the time (16 bits total). Register 16h is the
low byte, and register 17h is the high byte.

Write “1” to register 02h, bit[7] to reset the
capacitor test interrupt. Write “1” to register
04h, bit[2] and bit[6] to enable the
PGS _NOT_OK and ADC_DONE functions.
If register 1Bh, bit[1] was set to 1 in step 3,
write “0” to this bit.

The ADC results can be calculated with
Equation (7):

Cc = Time
STRG RD|SCH X |n(\/INITIAL + RDISCH X ILDO )
enaL T Roisen X oo (7)
Where VinmiaL is Vstre before the discharge
timer starts (stored in

ADC_BACKUP_VOLTAGE_DATA2), VenaL
is Vstrg after being discharged (stored in
ADC_BACKUP_VOLTAGE_DATA1), Roisc
is the resistor between STRG and RTEST,
and I.po is the VCC LDO current.

MP5514 Rev. 1.1
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If Vin drops below 5V, and register 1Bh, bit[1] is
setto 1, then I po is typically 2mA; otherwise, l.po
is OmA. Once the capacitor test is complete,
reset the LDO_EN bit to save the operation
current (the LDO unit for the capacitor test
should be mA). The time is recorded in the
CAP_TEST_TIMER register (the unit for the
register data is 1ms).

See the ADC Results section on page 37 for the
test times and voltage calculations.

capacitor test does not work in buck release
mode. In buck release mode, the capacitor test
cannot start, and “1” cannot be written to
START _CAP_TEST.

If an OC fault occurs during the capacitor test,
and OC_RLS_EN is set to 1, then the capacitor
test stops. The isolation MOSFET clamps the
current, and the backup circuit enters buck
release mode to support the additional current.

For more information, refer to the MPS
If Vi fails during the capacitor test, then the application note AN125.
MP5514 enters buck release mode. The
SOC/FW
PGS_NOT_OK and ADC_DONE Interrupt
Boost Charge Mode Signal Are Masked, Set the PGS Threshold,
Enable LDO_EN if Viy < 3.8V, Enable
y Capacitor Test
-t
| Enable START_CAP_TEST |
| Disable the Charge Function |
[close the MOSFET between RTEST and PGND |
| Read the ADC Result on Vsre |
> | Reset and Start the Internal Counter |
Monitor PGS_NOT_OK to Determine the
CAP_TEST_DONE Bit
| Disconnect the Discharge MOSFET | CAP_TEST_DONE [ Read the Two ADC Results of Vsws |
Interrupt Signal i
| Latch the Timer | pt Sig R [ Read the Counter Timer ]
Read the ADC Result on Vemo, | Determine the Csre Status |
CAP_TEST_DONE Bit Is Set [ clearthe cAP_TEST_DONE Interrupt signal |
Reset START_CAP_TEST
v A
| PGS_NOT_OK and ADC_DONE Interrupt Signal
Boost Charge Mode Are Not Masked, Reset LDO_EN
Y
( End >
Figure 6: Storage Capacitor Test Flowchart
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VCC Power Management

The MP5514’s internal circuitry is powered by
the VCC capacitor (Cvcc). VCC is supplied by
VN, VBus, OF VsTre (See Table 1).

Table 1: VCC Power Sources

Operation |LDO_EN

Mode Bit Power Source

Boost 0 VCC is supplied by Vin or
charge (default) | Vesus (whichever is higher)

Buck 0 If Vec > 4.5V, then VCC is
discharge | (default) | supplied by Vin or Vsus
Boost (whichever is higher). If
charge 1 Vce < 4.5V, then the LDO
between STRG and VCC
_Buck 1 is enabled and regulates
discharge Vce at about 4.5V,

The LDO_EN bit (register 1Bh, bit[1]) is used for
ADC conversion, including the capacitor test
while Vv and Vgus are low. If Vi and Vgus are
low, enable the LDO_EN bit before ADC
operation. See to the 10-Bit Analog-to-Digital
Converter (ADC) section on page 25 for more
details.

A 21uF capacitor is required on VCC. If the part
starts up from a <3V Vyy, then Vcc is low due to
the VIN to VCC voltage drop. Any external
current on VCC (e.g. a PFI pull-up resistor) pulls
Vce down, and makes it difficult to start up the
MP5514. It is recommended to use a 100kQ pull-
up resistor for the PFI and INT pins. If Vgys is
below 5V, then PFI and INT can be pulled up to
VBus.

The MP5514 can start up from a low Vv (2.7V)
at 225°C temperatures. If the temperature is
below 25°C, then the UVLO threshold increases.
Connect an external Schottky diode between the
VIN and VCC pins to have the IC start up from a
2.7V Vi at low temperatures (below 25°C). It is
recommended to add this diode, even if Vv is 3V
at temperatures below -40°C.

Enable (EN) Control

The MP5514’s enable (EN) pin works with the
EN bit to enable the internal circuit. The MP5514
is enabled once both the EN pin and EN bit are
high. During application, the EN pin cannot be
connected to a voltage exceeding 6.5V. For
resistor pull-up conditions, an internal Zener
diode clamps the voltage at the EN pin voltage
(Ven). The maximum pull-up current for the
internal Zener diode should be <1mA. 100kQ

pull-up resistors connected to both VIN and VB
are recommended if the resistors are pulled up
to Vin and Vgus.

SAS Function

The MP5514 provides a forced backup mode for
energy discharging. This function works together
with the SAS_DLY, SAS_ASSERT_TIME, and
SAS NEGATE_TIME I?C register bits.

After start up, the MP5514 ignores the SAS
voltage (Vsas) being pulled high for the time set
via the SAS_DLY bit. If Vsas remains high for
longer than the time set via the
SAS ASSERT_TIME bit, then the isolation
MOSFET turns off, the part enters buck release
mode, and the PFI voltage (Ver) is pulled low to
indicate the power status. If Vsus drops below
Vsus uvio before SAS negates, then the buck
converter shuts down, and Vcc continues
working. The MP5514 operates with a new start
cycle once SAS is negated by holding Vsas low
for the time set via the SAS_NEGATE_TIME bit.
If Veus exceeds Veus_uvio While SAS is negated,
then Vpr is pulled high, and the isolation
MOSFET operates as the Vv power recovery
once Veus triggers Veus UVLO.

Input Power Failure Indicator (PFI)

If VoET drops below 0.99 x VDET_REF, then Vpr is
pulled low internally to indicate a power failure,
and the part exits boost charge mode. If Vper
exceeds 1.02 x Vper rer, then Veg is pulled high
(if it is pulled up via an external resistor). The
MP5514 does not exit buck release mode until
Vaus is discharged to Vsus uvio or the IC resets
(even if Vpg is high).

Bus Voltage Power Good (PG) Indication

If the bus feedback voltage (Vess) drops below
0.9 X Vrse _rer, then PGB is pulled low internally.
If Vegs exceeds 0.95 X Vegss rer, then PGB is
pulled high.

Storage Voltage PG Indication

The storage power good (PG) threshold can be
configured via by the PGS threshold bits
(register 06h, bits[3:0]). The default PGS falling
threshold is 95% of Vess rer. If the storage
feedback voltage (Vess) drops below 0.95 x
Vess_rer, then PGS is pulled low internally. If Vess
exceeds 0.97 X Vees_rer, then PGS is pulled high.

MP5514 Rev. 1.1
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Input Over-Voltage Protection (OVP)

A resistor divider from Vy to OVP sets the input
over-voltage protection (OVP) threshold
(Vin ove). Once the OVP pin voltage (Vove)
exceeds 0.81V, the MP5514 enters buck backup
mode. Once Vove drops below 0.765V, and the
buck stop operating, Vsus triggers Veus_uvio, and
the MP5514 restarts automatically via a new
start-up cycle with a TPOR process. An
INPUT_OVER-VOLTAGE register bit records
the OVP event, and generates an interrupt signal
on INT if it is unmasked.

10-Bit Analog-to-Digital Converter (ADC)

The MP5514 integrates a 10-bit ADC to measure
Vin, In, Vstre, and the TEMP pin’s temperature
sensor voltage. The START_ADC register
enables ADC conversion. ADC_DONE bit is set
if an ADC conversion completes. An interrupt
request to the controller can be set if the
ADC_DONE bit is set. Figure 7 shows the ADC
setting flowchart. See the ADC Results register
on page 37 for more details.

If Vi drops below 3.8V, use the host chip to set
register Ox1Bh, bit[1] to 1 before enabling the
ADC or capacitor test functions. Setting this bit
enables the LDO between STRG and VCC,
provides more margins for the internal ADC
reference, and insures ADC accuracy. The LDO
draws about 2mA of current from STRG. The
LDO should be disabled once ADC conversion
or the capacitor test is complete. The LDO_EN
bit is set to 0 by default.

Interrupt Control

If a fault condition in the interrupt register occurs
when the fault bits are not masked, then the INT
pin is pulled high. This interrupt signal is
asserted to indicate to the SoC that a fault has
occurred. While there is an existing interrupt
event, and a second interrupt event can occur
before the SoC resets INT (while the INT voltage
is high). The MP5514 keeps INT high until the
SoC resets all interrupt events (see Figure 8).

SOC/FW
Unmask ADC_DONE interrupt

SOC/FW v
‘ Select ADC objects ‘

SOC/FW v
Write LDO_EN Bit to 1 If Both
Viy and Vgys Are <3.8V

SOC/FW v
Write START_ADC Bit to 1

MP5514 A
START_ADC
MP5514 ;

ADC Results Are Filled into
the Related Data Register

MP5514 A
Auto Reset:
ADC_DONE =1, START_ADC =0

Compare:
TEMP_ADC_WARN_LEVEL

MP5514

‘ INT Pin Interrupt ‘

SOC/FW Y
Determine INT Type and
Read ADC Result

SOC/FW v

Reset LDO_EN Bit to 0

Figure 7: ADC Converter Flowchart

First Even I

Second Event

Figure 8: Interrupt Sequence

If a fault occurs, the MP5514 generates an
interrupt and other actions (see Table 2 on page
26).
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I2C Timeout

If SCL is pulled low or high for up to 25ms, or
SDA is pulled low for up to 450ms, the I°C is
reset. The I°C timeout function can be enabled
by setting I2C_TO_EN to 1, and can be disabled
by setting 12C_TO_EN to 0.

Thermal Shutdown

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures. If
the junction temperature (T;) exceeds 120°C, the
IC_TJ WARN bit is set to 1, which sends an
interrupt signal to the SoC. Write 1 to the IC TJ
WARN bit to reset the interrupt event once the
temperature drops below 100°C.

If T; exceeds 150°C, the MP5514 enters buck
backup mode, and discharges energy from Vsrrs
to Vgus. In this scenario, the isolation MOSFET

is off and PFl is low. The buck is released until
the energy is fully discharged. Once T, drops
below 125°C, the MP5514 starts up again
through VIN, and operates as the Vi power
recovery. There is an interrupt signal for a 150°C
over-temperature (OT) fault. This interrupt signal
can be reset by writing 1 to the IC_TJ_WARN bit.

If T; exceeds 165°C, the device shuts down.

Register Default Value Configuration

The MP5514 has multiple control register bits, all
of which have a fixed default value after a power
reset. After start-up, all of the bits can be
configured by writing to the I2C. Registers 0x06h,
0x07h, 0x21h, 0x26h, and the device I°C
address default value can be configured.
Different default values can be configured to fit
different system requirements.

Table 2: Fault Response

Status/INT Reset

Event Status Bit Condition PFI INT MP5514 Power Action
The device limits Iin; |If
INPUT_OVER- . I . . OC_RLS_EN = 1, then the
Input OC fault CURRENT POR, write 1 to this bit No action | Yes (high) buck starts up once Veus
drops below Vess Rer
The isolation MOSFET is
Input power failure N/A N/A Yes (low) | No action | off, and the IC enters buck
release mode
. The isolation MOSFET is
OVP pin over-voltage | INPUT OVER- . - .
(OV) fault VOLTAGE POR, write 1 to this bit Yes (low) | Yes (high) | off, and IC enters buck
release mode
Vstra triggers PGS | pag T OK | POR, write 1 to this bit | No action | Yes (high) | No action
falling threshold
TEMP pin warning TEMP_WARN | POR, write 1 to this bit No action | Yes (high) | No action
\?V::ifg'temperat“re IC_TJ_WARN | POR, write 1 to this bit | No action | Yes (high) | No action
The isolation MOSFET is
IC TJ off, and the IC enters buck
Die OT to forced buck ey POR, write 1 to this bit Yes (low) | Yes (high) | release mode, then shuts
SHUTDOWN :
down once the power is
discharged
The isolation MOSFET is
SAS disabled supply SAS_DIS POR, write 1 to this bit Yes (low) | Yes (high) | off, and the IC enters buck
release mode
ADC complete ADC_DONE POR, write 1 to this bit No action | Yes (high) | No action
Capacitor test CAP_TEST_ . - . . .
complete DONE POR, write 1 to this bit No action | Yes (high) | See Figure 6 on page 23
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It is suggested to use the default register value
of registers 0x06h, 0x07h, 0x21h, and device I>°C
address for application. If different default values
are needed for these registers, please contact
MPS for a program solution.

I°C Interface

The I°C is a two-wire, bidirectional, serial
interface consisting of a data line (SDA) and a
clock line (SCL). The lines are pulled to a bus
voltage externally when they are idle. When
connecting to the line, a master device
generates the SCL signal and device address
and arranges the communication sequence. The
MP5514 interface is an I1°C slave. The I°C
interface adds flexibility to the SSD power
system control by different  register
configurations.

The MP5514 7-bit device address is defined as
33h (011 0011). When the master sends an 8-bit
address value, the 7-bit 1°C address should be
followed by a 0 or 1 to indicate a write or read
operation, respectively.

I2C Data Validity

One clock pulse is generated for each data bit
transferred. The data on the SDA line must be
stable during the high period of the clock. A high
or low state of the data line can change only
when the clock signal on the SCL line is low as
shown in Figure 9.

o/ X \

I

| data line | change |
| stable; | ofdata |
I data valid | allowed |

Figure 9: Bit Transfer on the I1°C Bus

The start and stop are signaled by the master
device, which signifies the beginning and the end
of the I°C transfer. The start condition is defined
as the SDA signal transitioning from high to low
while the SCL is high. The stop condition is
defined as the SDA signal transitioning from low
to high while the SCL is high (see Figure 10).

-
SDA } \
I
|

scL | \ / \ / | scL
s P

[N -

l r——n
|
|
L
|
|
|

START condition STO} condition
Figure 10: Start and Stop Conditions

Start and stop conditions are always generated
by the master. The bus is considered to be busy
after the start condition. The bus is considered to
be free again after a minimum of 4.7us after the
stop condition. The bus stays busy if a repeated
start (Sr) is generated instead of a stop condition.
The start (S) and repeated start (Sr) conditions
are identical functionally.

I°C Transfer Data

Every byte put on the SDA line must be eight bits
long. Each byte must be followed by an
acknowledge 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 it remains stable low during the
high period of this clock pulse.

Data transfers follow the format shown in Figure
11. After the start condition (S), a slave address
is sent. This address is seven bhits long followed
by an eighth bit, which is a data direction bit
(R/W). A zero (0) indicates a transmission (write),
and a one (1) indicates a request for data (read).
A data transfer is always terminated by a stop
condition (P) generated by the master. However,
if a master still wishes to communicate on the
bus, it can generate a repeated start condition
(Sr) and address another slave without first
generating a stop condition.

1 T
1 [

1 [

i [

i [

h [

| 9 Lo

i Lo

s Lp

[ I [ | B I [ T
START ADDRESS RMW ACK DATA ACK DATA ACK  STOP
condition condition

I
I
I
|
I
I
} .- -- --
scL! 1?7 8 9 127 8 9 127 8
I
I

Figure 11: Complete Data Transfer
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The MP5514 includes a full I°C slave controller.
The I1?°C slave fully complies with the I2C
specification requirements and requires a start
condition, a valid 12C address, a register address
byte, and a data byte for a single data update.
After receiving each byte, the MP5514
acknowledges by pulling the SDA line low during

8 bits
A

the high period of a single clock pulse. A valid
I2C address selects the MP5514. The MP5514
performs an update on the falling edge of the
LSB byte.

Figure 12 shows an example of an I°C read and
write command.

8 bits
A

N

N

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

I:' Master to Slave
I:' Slave to Master

A = Acknowledge (SDA = LOW)
NA = NOT Acknowledge (SDA = HIGH)

WR Write =0
RD Read =1

S = Start Condition
P = Stop Condition

I2C Write Example

8 bits 8 bits
A A
N N

8 bits 8 bits
A A

-

r 4 A N
S | Slave Address | WR | A | Register Address K| A | Sr | Slave Address | RD | A | Read Data K | NA | P |
A J

N

~
Register address to read specified

~

Read register data from current register location

[ ] MastertoSlave 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
I2C Read Example
Figure 12: I°C Read and Write
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ONE-TIME PROGRAMMABLE MEMORY (OTP)
Table 3: OTP Table

Address Name D[7] DI[6] D5l | D4 bl | b1 | by | ppo
VIN
oxosh | BACKUP_CAP_ FBS_HYS RECOVER ICH PGS_THRESHOLD
THRESHOLD -
MODE
TEMP_WARN OC_RLS
0x07h THRESHOLD EFUSE_UVLO N TEMP_ADC_WARN_LEVEL
REVERSE_ REVERSE
0x08h CURRENT_ | CURRENT_FAST - - - - - - -
FAST_OFF _OFF_DISABLE
0x21h | SYS_CONTROL_3 INTERNAL_ILIM_THRESHOLD DVDT TPOR EN
0x26h | SAS_CONTROL I2C_ TO_EN | SAS_DLY | SAS_ASSERT_TIME | SAS_NEGATE_TIME | - -
Table 3: Default OTP Values
Register D[7] D[6] D[5] Ip4]| bl | b2 [ppg]|  ppo
VIN_RECOVER _
MODE
FBS_HYS (O: (O: Operates in bugk
06h §mV) release mode until ICH (11: 2A) PGS_THRESHOLD (1111: 95% of VFres_Rrer)
Vaus drops below
VBuUs_uvLo once Vin
recovers)
OC_RLS_EN
(O: PLP enter
EFUSE_UVLO (11: 9.5V rising threshold, buck release
07h 3.4 falling threshold) mode only if TEMP_ADC_WARN_LEVEL (11111)
DET is
triggered)
RC_FAST_OFF_
08H DISABLE - - - - - - -
(0: Enabled)
DVDT TPOR EN
21h INTERNAL_ILIM_THRESHOLD (000: 6.6A) (00: 7.5V/ms) (00: 1.6ms) (1: Enabled)
12C_TO_EN
(1: I2C resets if
SCL is pulled low SAS_ASSERT_TIME | SAS_NEGATE_TIME
26h or highforupto | SAS_DLY (1: 30s) T (10:58) " (11:30s) i )
25ms, or if SDA ’ ’
is pulled low for
up to 450ms)
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I2C REGISTER MAP

Ad‘ires Register |Type| D[7] ‘ DI6] D[5] D[4] D[3] D[2] D[] D[0] |Reset State
00h |VENDOR_ID| R FAB MAJOR_REV MINOR_REV VENDOR_ID 0000 0000
SYSTEM_ START_CAP_|
01h | conTROL 1| RW - - - - TEST START_ADC - ENCH | 0000 0001
INTERRUPT1 CAP_TEST|ADC_DON INPUT_OVE \\puT_OVER PGS TEMP_WAR
02h = RW 1™ boNE E ) R -VOLTAGE | NOT_OK ; N 00000100
STATUS - CURRENT -
INTERRUPT2
03h - RIW ; SAS_DIS 'SO':FEFT—O SHllJCT_I;E]D_\NN IC_TJ_WARN ; ; ; 0010 0000
STATUS
INTERRUPT1 CAP_TEST| 1 pon 'NPU;_—OVE INPUT_OVER PGS_ TEMP WAR
04h | _MASK_ | RW | DONE_ |"C\7ac - CURRENT | "VOLTAGE_ |NOT_OK_MAS - N MASK | 00100100
CONTROL MASK - MASK ~|  MASK K -
INTERRUPT2 ISOFET_ | IC_TJ_
05h | MASK_ | RW ; SAMSKSD}LS— OFF_MAS |SHUTDOWN 'C—T&R";’QRN ; ; ; 0010 0101
CONTROL K MASK -
BACKUP_CA VIN_
06h |P_THRESHO| R/W | FBS_HYS |RECOVER ICH PGS_THRESHOLD 00111111
LD _MODE
TEMP_WARN 0C RLS E
07h |_THRESHOL | R/W EFUSE_UVLO N TEMP_ADC_WARN_LEVEL 1101 1111
D
REVERSE |
REVERSE_ CURRENT
08h | CURRENT_ | RIW _ - - - - - - - 0001 1110
FAST_OFF FAST_OFF
DISABLE
0%h ADC_?EOURC RIW ; ; ; BACKUP_ ; TEMP_ c”L\lJFF)eLFJeTET\J INPUT__ | 5000 0000
SELECT VOLTAGE PIN T VOLTAGE
0Ah _|ADC_INPUT_| R VIN_HIGH_BYTE 0000 0000
VOLTAGE_
0Bh DATA R - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ VIN_LOW_BYTE | 0000 0000
0Ch_|ADC_INPUT_| R I_IN_HIGH_BYTE 0000 0000
CURRENT_
oDh DATA R - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ I_IN_LOW_BYTE | 0000 0000
OEh _|ADC_TEMP_| R TEMP_HIGH_BYTE 0000 0000
OFh VO'ISTAf*rﬁE— R ; ‘ ; ‘ ; ‘ ; ‘ ; ‘ ; ‘ TEMP_LOW_BYTE | 0000 0000
12h |ADC_BACKU| R VSTRG1_HIGH_BYTE 0000 0000
P_
13h | VOLTAGE_ | R - - - - - - VSTRG1_LOW_BYTE | 0000 0000
DATA1
14h _|ADC_BACKU| R VSTRG2_HIGH_BYTE 0000 0000
P_VOLTAGE
15h _ R - - - - - - VSTRG2_LOW_BYTE | 0000 0000
DATA2
16h |CAP_TEST_| R CAP_TEST_TIMER_LOW BYTE 0000 0000
17h TIMER R CAP_TEST_TIMER_HIGH_BYTE 0000 0000
VIN_RECOVE
1Bh |5 controL| RMW - - ‘ - ‘ - ‘ - - ‘ LDO_EN ‘ - 0000 0000
1Fh | RESERVED | R - RESERVED @ 0011 0011
SYs RESERVE | INPUT_ILI | RESERVE | RESERVED FORCE_BU | 1400
200 | conTroL 2| RW | p oo MT SET D @ s BUCK_FSW CK_RELEAS 1000
SYS_ 0000
21h | contROL 3| RW | INTERNAL_ILIM_THRESHOLD DVDT TPOR EN 0001
SYS_ 0000
22h | conTROL 4| RW - - - - ILIM_EN ILIM_TUNE 0000
SAS_ [2C_TO_E RESERVED |RESERVED| 1110
26h | controL | R N SAS_DLY SAS_ASSERT_TIME SAS_NEGATE_TIME ‘ 1% ‘ an 1100
Note:
15) Reserved bits. Do not write different values to these bits in application.
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Vendor ID (00h)
Access: Read-only

Bits Name Description Default Value
7:6 FAB Fab location. 00
5:4 MAJOR_REV Major revision. 00
3:2 MINOR_REV Minor revision. 00
1.0 VENDOR_ID Vendor ID. 00
System Control 1 (01h)
Access: Read/Write
Bits Name Description Default Value
Capacitor test start enable bit. If the input voltage (Vin) is below 3.8V,
then the LDO_EN bit should be setto 1 before the capacitor test starts.
The LDO_EN bit should be disabled once the capacitor test is
bE3] START_CAP_ | complete. 00
TEST . .
1: Starts the capacitor test on the storage capacitors; resets to 0 once
the capacitor test is complete
0: Capacitor test function is disabled
Analog-to-digital converter (ADC) conversion enable bit. The LDO_EN
bit should be set to 1 before starting the ADC. If both Vin and VB are
below 3.8V, then disable the LDO_EN bit after ADC is completed.
D[2] START_ADC ) ) ) ) 00
1: ADC conversion begins; resets to 0 once the capacitor test is
complete
0: An ADC conversion event has not occurred
Storage boost enable bit. This bit cannot be written to in buck release
mode. This bit does not affect buck release mode once the storage
D[O] ENCH voltage (Vstra) is charged high (even if ENCH is set to 0). 00
1: Boost charge function is enabled
0: Boost charge function is disabled

MP5514 Rev. 1.1
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Interrupt 1 Status (02h)
Access: Read/Write

Bits Name Description Default Value
Capacitor test complete indication bit.
1: The capacitor test is complete, and the discharge time is stored in
D[7] CAP TEST DONE | the CAP_TEST_TIMER registers. This generates an interrupt on INT 0
B B if unmasked. Write 1 to this bit to reset the interrupt event (and to reset
this bit to 0)
0: A capacitor test event has not occurred
Analog-to-digital (ADC) conversion complete indication bit.
1. ADC conversion is complete. This generates an interrupt on INT if 0
D[6] ADC_DONE unmasked. Write 1 to this bit to reset the interrupt event (and to reset
this bit to 0)
0: An ADC event has not occurred
VIN to VB input current limit (In_LimiT) trigger indication bit.
INPUT OVER 1: Vin has triggered Iin_umit. This generates an interrupt on INT if 0
D[4] CURRENT unmasked. Once the Iin_uwmir event is removed, write 1 to this bit to
reset the interrupt event (and to reset this bit to 0)
0: An Iin_imiT event has not occurred
Over-voltage (OV) on the OVP pin indication bit.
1: The OVP pin voltage (Vove) has exceeded the OVP threshold
D[3] INPUT_OVER_ (Vin_ove). This generates an interrupt on INT if unmasked. Once the 0
VOLTAGE over-voltage event is removed, write 1 to this bit to reset the interrupt
event (and to reset this bit to 0)
0: An OV event has not occurred
Storage voltage (Vstrc) power not good indication bit.
1: Vstre is below the PGS threshold. If the PGS pin detects that Vstre
is too low, the device generates an interrupt on INT if unmasked. Once 1
D[2] PGS_NOT_OK Vstre exceeds the PGS threshold, write 1 to this bit to reset the
interrupt event (and to reset this bit to 0). PGS resets to high
automatically once Vstre exceeds the PGS threshold
0: Vstre power has not dropped below the PGS threshold
Temperature sensor high-voltage warning indication bit.
1: The external temperature sensor on the TEMP pin has exceeded
the TEMP_WARN level. This generates an interrupt on INT if 0
D[0] TEMP_WARN unmasked. If a new ADC result from TEMP is below the threshold,
write 1 to this bit to reset the interrupt event (and to reset this bit to 0)
0: There is no TEMP_ADC result, or the TEMP_ADC result is below
the TEMP_WARN level

MP5514 Rev. 1.1
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Interrupt 2 Status (03h)
Access: Read/Write

Bits Name Description Default Value

SAS-forced buck mode indication bit.

1: The IC is disabled by the SAS signal, and forced into buck mode.
D[6] SAS DIS This generates an interrupt on INT if unmasked. After SAS resets to 0
B low, write 1 to this bit to reset the interrupt event (and to reset this bit
to 0)

0: A SAS force buck event has not occurred

VIN to VB MOSFET is off indication bit.

1: The input isolation MOSFET is off. This generates an interrupt on
D[S] ISOFET_OFF INT if unmasked. Once the isolation MOSFET turns on again, write 1 1
to this bit to reset the interrupt event (and to reset this bit to 0)
0: The isolation MOSFET is always on

Thermal shutdown indication bit.

1: The junction temperature (Tj) has exceeded 150°C. This generates
IC TJ an interrupt on INT if unmasked. After the temperature drops below
D[4] SHUTDOWN 125°C, write 1 to this bit to reset the interrupt event (and to reset this 0
bit to 0). The MP5514 resumes operation once T; drops, even if the
interrupt signal is not cleared

0: Thermal shutdown has not occurred

High temperature warning bit.

1. T; has exceeded 125°C. This generates an interrupt on INT if
D[3] IC_TJ_WARN unmasked. Once T, drops below 100°C, write 1 to this bit to reset the 0
interrupt event (and to reset this bit to 0)

0: T has not exceeded 125°C; a high temperature warning has not
occurred
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Interrupt 1 Mask Control (04h)
Access: Read/Write

Bits

Name

Description

Default Value

D[7]

CAP_TEST_
DONE_MASK

Capacitor test complete interrupt mask.

1. The CAP_TEST_DONE interrupt is masked. The
CAP_TEST_DONE status bit is set after an interrupt event, but this bit
suppresses the interrupt signal on INT

0: The CAP_TEST_DONE interrupt is not masked

D[6]

ADC_DONE_MASK

ADC complete interrupt mask.

1: The ADC_DONE interrupt is masked. The ADC_DONE status bit is
set after an interrupt event, but this bit suppresses the interrupt signal
on INT

0: The ADC_DONE interrupt is not masked

D[4]

INPUT_OVER_
CURRENT_MASK

VIN to VB Iin_uimir interrupt mask.

1: The INPUT_OVER_CURRENT interrupt is masked. The
INPUT_OVER_CURRENT status bit is set after an interrupt event, but
this bit suppresses the interrupt signal on INT

0: The INPUT_OVER_CURRENT interrupt is not masked

D[3]

INPUT_OVER_
VOLTAGE_MASK

OVP interrupt mask.

1: The INPUT_OVER_VOLTAGE interrupt is masked. The
INPUT_OVER_VOLTAGE status bit is set after an interrupt event, but
this bit suppresses the interrupt signal on INT

0: INPUT_OVER_VOLTAGE is not masked

D[2]

PGS_NOT_
OK_MASK

PGS power not good interrupt mask.

1: The PGS_NOT_OK interrupt is masked. The PGS_NOT_OK status
bit is set after an interrupt event, but this bit suppresses the interrupt
signal on INT

0: The PGS_NOT_OK interrupt is not masked

D[O]

TEMP_
WARN_MASK

Temperature sensor high-voltage warning interrupt mask.

1: The TEMP_WARN interrupt is masked. The TEMP_WARN status
bit is set after an interrupt event, but this bit suppresses the interrupt
signal on INT

0: The TEMP_WARN interrupt is not masked
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Interrupt 2 Mask Control (05h)
Access: Read/Write

Bits Name Description Default Value
SAS force buck event interrupt mask.
1: The SAS_DIS interrupt is masked. The SAS_DIS status bit is set
D[6] SAS_DIS_MASK after an interrupt event, but this bit suppresses the interrupt signal on 0
INT
0: The SAS_DIS interrupt is not masked
Isolation MOSFET off event interrupt mask.
1: The ISOFET_OFF interrupt is masked. The ISOFET_OFF status
D[S] ISOFET_OFF_MASK | pit is set after an interrupt event, but this bit suppresses the interrupt 1
signal on INT
0: The ISOFET_OFF interrupt is not masked
OTP interrupt mask.
IC TJ 1: The IC_TJ_SHUTDOWN interrupt is not masked. The
D[4] SHUTDOWN MASK | IC_TJ_SHUTDOWN status bit is set after an interrupt event, but this 0
- bit suppresses the interrupt signal on INT
0: The IC_TJ_SHUTDOWN interrupt is not masked
High temperature warning interrupt mask.
1: The IC_TJ_WARN interrupt is masked. The IC_TJ_WARN status
D[3] IC_TI_WARN_MASK | it is set after an interrupt event, but this bit suppresses the interrupt 0

signal on INT
0: The IC_TJ_WARN interrupt is not masked

Backup Capacitor Threshold (06h)
Access: Read/write

Bits

Name

Description

Default Value

D[7]

FBS_HYS

Boost refresh threshold. When FBS drops to Vrss rer, PLP starts
switching and charges Vrgs to Vrss_rer + FBS_HYS.

0: 9mV (typically), 13.5mV max
1: 10mV (typically), 15mV max

D[6]

VIN_RECOVER_
MODE

Vin recovery mode.

0: The part operates in buck release mode until Vsus drops below
VBuUs_uvLo once Vin recovers
1: The part exits buck release mode and charges Vs once Vi recovers

D[5:4]

ICH

Sets the peak boost switching current limit while ICH is floating.

00: 0.5A
01: 1A
10: 1.5A
11: 2A

11

D[3:0]

PGS_THRESHOLD

Configurable PGS falling threshold, with a 1% step
0000: 80% of VFrss_Rer

1111: 95% of Vres_Rer

1111
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Temperature Warning Threshold (07h)

Access: Read/Write

Bits Name

Description

Default Value

D[7:6] EFUSE_UVLO

E-fuse UVLO threshold. These bits are assigned to the OTP pin. After
cycling the power, the UVLO rising and falling threshold are set to the
OTP value.

00: The UVLO rising threshold is 2.5V, and the falling threshold is 2.3V
01: The UVLO rising threshold is 3.7V, and the falling threshold is 3.4V
10: The UVLO rising threshold is 7.2V, and the falling threshold is 3.4V
11: The UVLO rising threshold is 9.5V, and the falling threshold is 3.4V

11

D[5] OC_RLS_EN

Backup buck converter over-current (OC) response.

0: PLP enters buck release mode only if DET is triggered.
1: PLP enters buck release mode if DET is triggered or EFUSE_OC
and FBB drop below Vres_rer

TEMP_ADC_

D[4:0] WARN_ LEVEL

Sets the warning level for the TEMP pin voltage ADC results (from
external sensor). The TEMP_ADC results high bits are compared to
this warning level.

11111

Reverse Current Fast-Off (08h)

Access: Read/Write

Bits Name Description Default Value
REVERSE_ Enables the reverse-current fast-off function.
D[7] CURRENT_FAST_ | 0: The reverse-current fast-off function is enabled 0
OFF_DISABLE 1: The reverse-current fast-off function is disabled

ADC Source Select (09h)
Access: Read/Write

Bits Name

Description

Default Value

D[4] BACKUP_VOLTAGE

Enables the Vstre ADC conversion.

1: Vstre ADC conversion is enabled
0: Vstre ADC conversion is disabled

D[2] TEMP_PIN

Enables the temperature sensor voltage ADC conversion.

1: Temperature sensor voltage ADC conversion is enabled
0: Temperature sensor voltage ADC conversion is disabled

D[1] INPUT_CURRENT

Enables the input current signal ADC conversion. The input current
(In) is monitored via the ILIM pin. If the current triggers the Iin limit
(hn_umit), then the ILIM voltage (Vium) is 1.09V. Calculate the current
based on the ILIM resistor (RiLim) setting.

1: lIin signal ADC conversion is enabled
0: Iiv signal ADC conversion is disabled

D[0] INPUT_VOLTAGE

Enables the Vin ADC conversion.
1: Vin ADC conversion is enabled

0: Vin ADC conversion is disabled

MP5514 Rev. 1.1
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ADC Results (OAh, 0Bh, 0Ch, 0Dh, OEh, OFh, 12h, 13h, 14h, and 15h)
Access: Read-Only

Bits Name Description Default Value
0Ah, . .
D[7:0] High bits of the Vin ADC results. 0000 0000
ADC_INPUT_
0Bh, VOLTAGE_DATA || ow bits of the Vin ADC results. 00
D[1:0] LSB = 18.4/ 1023(V)
Och, High bits of the lin ADC results 0000 0000
D[7:0] ’
ADC_INPUT_ Low bits of the Iin ADC results.
CURRENT_DATA
0Dh, - V_LSB =1.28/1023 (V) 00
D[1:0] IN = V_LSB x BIN2DEC(D[9:0]) x 64.26 / Rium + 0.241 / Rim + 0.08(A)
Where Rium is in kQ.
OEh D[7:0] High bits of the temperature sensor voltage ADC results. 0000 0000
ADC_TEMP_
OFh VOLTAGE_DATA 1| o bits of the temperature sensor voltage ADC resullts. 00
D[1:0] LSB = 1.28 /1023 (V)
12h, . .
D[7:0] High bits of the Vstre ADCL1 results. 0000 0000
ADC_BACKUP_
13h, VOLTAGE_DATAL | | o\ bits of the Vstrs ADCI results. 00
D[1:0] LSB = 40.1 /1023 (V)
14h D[7:0] High bits of backup storage voltage ADC2 results. 0000 0000
ADC_BACKUP_
15h VOLTAGE_DATAZ | | oy bits of the Vsre ADC2 results. 00
D[1:0] LSB =40.1/1023 (V)
Capacitor Test Timer (16h and 17h)
Access: Read-Only
Bits Name Description Default Value
16h Low bits of the capacitor test timer results.
D 7_(’) 0000 0000
[7:0] CAP_TEST_ | LSB=1ms
17h TIMER
D[7'6] High bits of the capacitor test timer results. 0000 0000
MP5514 Rev. 1.1 MonolithicPower.com 37
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VIN Recover Control (1Bh)
Access: Read/Write

Bits Name Description Default Value
0: Disables the LDO from STRG to VCC.
1: Enables the LDO from STRG to VCC.

D[1] LDO_EN It is recommended to only enable the LDO during the ADC or 0

capacitor test if both Vin and Vsus are below 3.8V. Disable the
LDO_EN bit after the ADC or capacitor test is complete.

System Control 2 (20h)
Access: Read/Write

Bits

Name

Description

Default Value

DI[6]

INPUT_ILIM_SET

This bit determines how Iin_uimiT is set.

1: Iin_umiT is set by the internal circuit
0: Iin_umiT is set by the external RiLim

D[3:1]

BUCK_FSW

These bits set the buck switching frequency (fsw).

000: 270kHz
001: 300kHz
010: 360kHz
011: 420kHz
100: 480kHz
101: 570kHz
110: 860kHz
111: 1.25MHz

100

D[O]

FORCE_BUCK_
RELEASE

This bit forces the IC to operate in buck release mode. Once this bit
is reset to 0, the MP5514 remains in buck release mode until Vsus
drops below VBus_uvLo.

0: No action
1: The IC is forced to enter buck release mode

MP5514 Rev. 1.1
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System Control 3 (21h)
Access: Read/Write

Bits

Name

Description

Default Value

D[7:5]

INTERNAL_ILIM_
THRESHOLD

These bits set the internal Iin_umit threshold.

000: 6.6A
001: 5.6A
010: 2.3A
011: 2.3A
100: 2.3A
101: 1.3A
110: 4.7A
111: 3.4A

000

D[4:3]

DVDT

These bits set the Vsus slew rate.

00: 7.5V/ms
01:1.5V/ms
10: 1V/ms
11: 0.67V/ms

00

D[2:1]

TPOR

These bits set the TPOR delay time while the TPOR pin is floating.

00: 1.6ms
01: 8ms

10: 32ms
11: 64ms

00

D[O]

EN

This bit enables the device. The EN bit is not writable during buck
release mode unless until Veus drops below Vsus_uvio.

0: The MP5514 is disabled
1: The MP5514 is enabled

System Control 4 (22h)
Access: Read/Write

Bits

Name

Description

Default Value

D[3]

ILIM_EN

This bit enables the isolation MOSFET current limit (ILmir).

0: The isolation MOSFET IuwmiT is enabled
1: The isolation MOSFET Iumi is disabled (Iumit can be disabled while
the input OC limit status bit is set)

D[2:0]

ILIM_TUNE

These bits tune lin_umir.

000: Keeps Iin_uimit set at 100%
001: Decreases Iin_umit by 2%
010: Increases Iin_umr by 2%
011: Decreases Iin_umit by 4%
100: Increases lin_umit by 4%

000
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SAS_CTRL (26h)
Access: Read-only

Bits Name Description Default Value
I2C reset.

D[7] 12C_TO_EN 0: I2C does ngt reset after the timeout_ time _ _ 1
1: 12C resets if SCL is pulled low or high for up to 25ms, or if SDA is
pulled low for up to 450ms
During start-up, the SAS input is ignored for the first interval set by
this bit. After a reset is complete, the value changes to the set OTP

D6l SAS_DLY value. 1
0: 0s
1: 30s
To assert SAS signal, hold the SAS high for longer than
SAS_ASSERT_TIME. After a reset is complete, changes to the set
OTP value.

D[5:4] | SAS_ASSERT_TIME | g9: No hold time 10
01:1s
10: 5s
11: 10s
To negate the SAS signal, hold the SAS pin low for longer than
SAS_NEGATE_TIME. After a reset is complete, changes to the set
OTP value.

D[3:2] SAS_NEGATE_TIME | 00: No hold time 11
01: 1s
10: 10s
11: 30s
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APPLICATION INFORMATION

Setting the Storage Voltage

Vstre IS set by the external feedback (FB)
resistors R5 and R6 (see Figure 13).

STRG

R5

ca
R6

FBS

Figure 13: Storage Feedback Circuit
Vstre Can be calculated with Equation (8):

R5
=1+ R_G) X Vs rer (8)

VSTRG

Where Vess_rer is typically 0.8V.

R5 and R6 are not critical for normal operation.
Choose R6 to be between 10kQ and 50kQ to
reduce the bleed current and improve noise
immunity. For example, if R6 is 10kQ, then R5
can be calculated with Equation (9):

R5 = 10kQ X (VSTRG - VFBS_REF)

(9)

VFBS_REF
For a 30V Vstrg, R5 should be 365kQ.

Table 3 lists the recommended R5 and R6
resistances for different storage voltages.

Table 3: R5 and R6 Resistances for Different
Storage Voltages

Vstre (V) R5 (kQ) R6 (kQ)
12 140 10
20 240 10
30 365 10

Setting the Vi Power

Failure Threshold

Voltage and Bus Release Regulation Voltage

The release trigger voltage is set by the external
FB resistors R1 and R2 (see Figure 14).

Cc1

-

Figure 14: Release Feedback Circuit

The release trigger voltage is determined by
(099 X VDET_REF), which is 0.792V.

The input power failure release threshold (Ver)
can be calculated with Equation (10):
R1
Vo, =1+ —)x0.792V
b = ( +R2)X (10)

Vet determines the release trigger voltage, and
Vrge determines Veus_ris (See Figure 15).

VB.

R3 §

c2 T~ FBB

RRAMP

R4

Figure 15: VB Regulation Feedback Circuit

The bus regulation voltage (Vsus ris) can be
calculated with Equation (11):

R3/Reye

R4 VFBB_REF (11)

VBUS_RLS = (1+
Where Vs _rer is typically 0.8V, and Rgrawvp is an
equivalent resistor that stabilizes the circuit
internally (typically 9MQ).

R3 and R4 are related to the buck release
stability. Since release buck mode works during
constant-on-time (COT) control, avoid using
smaller resistor values that can affect the internal
voltage ramp. Choose R3 to be parallel to R4.
R3 and R4 should exceed 10kQ for stable
performance with a Cgus between 22uF and
44F.

Selecting the Storage Capacitor

Csrtre Stores energy during normal operation and
releases this energy to VB once VIN loses input
power. Use a general-purpose electrolytic
capacitor or low-profile POSCAP for most
applications. Select a Cstre With a voltage
margin 20% above the targeted Vstre. When
choosing the capacitors, consider the
capacitance reduction with the DC voltage offset.
Different capacitors have different capacitance
derating performances. Choose a capacitor with
a voltage rating large enough to guarantee
enough capacitance.

MP5514 Rev. 1.1
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The required Cstrc depends on the length of the
dying gasp (toasp) for a typical application. The
required Cstre Can be calculated with Equation
(12):

2xV,

BUS_RLS RELEASE X tDASP
(12)

C.. -
STRE (VSTR62 - VBUS_RLSZ) x Eff

x|

Where Irecease is the bus release current when
Veus is regulated at Vgus ris for the DC/DC
converter, tpasp is the required dying gasp time,
Eff is the buck converters energy release
efficiency (see the Buck Efficiency curves on
page 15 for more details).

Choose a Cstre that ensures enough
capacitance for buck power loss. If IreLease is 3A,
tbasp iS 20ms, Vstre is 28V, VBus_RLs is 7.5V, and
the efficiency is 90%, then Cstre should be
1374pF.

Setting the Input Hot-Swap Current Limit

Connect a resistor between the ILIM and AGND
pins to set I umr. For example, if the ILIM
resistor (Rium), then Iin_umr is set to about 2A.
See to the Input Current Limit section on page
20 for more detalils.

The MP5514 also supports an internal ILIM
configuration function, which can be set by the
INPUT_ILIM_SET and INTERNAL_ILIM_
THRESHOLD register bits via the 1°C interface.
See the INPUT ILIM SET register description on
page 38 and the INTERNAL_ILIM_
THRESHOLD register description on page 39 for
more details.

Setting the Boost Peak Current Limit

Connect a resistor between the ICH and AGND
pins to set the boost peak lumir. See the Storage
Voltage section on page 19 for more details.

Float the ICH pin to configure the boost peak
lumir via the ICH register bits. The boost peak
current is about 2A, with a default register value
of 11 (under typical conditions where Vi = 12V
and L = 10uH).

Selecting the Inductor

An inductor is required for supplying constant
current to the load. Since boost charge mode
and buck release mode share the same inductor
(and the buck mode current is typically larger), it
is recommended to choose an inductor that
supports the buck release mode current.

If the buck is operating at a fixed frequency
(480kHz), then the inductance (L) can be
calculated with Equation (13):

_ Vaus_ris (1 VBUS_RLS) (13)
Al xfg, Vstre

Where Al is the peak-to-peak inductor ripple
current, which can be set between 20% and 40%
of the full release current.

The inductor should not saturate under the
maximum peak ..

Setting the Start-Up Reset Delay Time

Connect a 21nF TPOR capacitor (Crpor) to the
TPOR pin to set trpor. Float Creor for the default
delay time (about 1.5ms). Table 4 lists the
recommended capacitances for different delay
times.

Table 4: TPOR Capacitances for Different trpor

trror (MS) Crpor (NF)
10 10
100 100
500 500

Setting the Bus Voltage Rise Time

Connect a 21nF capacitor to DVDT to set the bus
voltage start-up slew rate and tss. Float this
capacitor for the default soft-start slew rate
(about 7.5V/ms, and 1.6ms from 0V to 12V).
Table 5 lists the recommended capacitors for
different soft-start slew rates.

Table 5: Capacitor Values for Different Soft-Start
Slew Rates

Soft-Start Slew
Rate (V/ms) Coviot (nF)
3.9 10
0.39 100

Recommended ADC Input Range

The MP5514 ADC Vy is between 0V to 1.28V.
To improve ADC monitoring accuracy, it is
recommended to set the target monitor voltage
between 0.64V and 1.28V (i.e. in the front half of
the ADC Vi range). If a wider Vi range is
necessary, do not set the ADC V\y below 0.1V to
avoid errors.

The TEMP pin is used as the temperature-sense
input from the thermistor to the ADC.

MP5514 Rev. 1.1
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Do not use the ADC when the TEMP pin voltage
is below 0.1V.

VCC Power Supply

VCC is powered by the VIN pin during start-up.
An external load on VCC is not permitted. If the
PFI and INT signals are pulled up to VCC while
Vn is below 3V, use 100kQ resistors to decrease
the VCC sink current during start-up.

The MP5514 can start up from a 2.7V Vi at
temperatures 225°C. If the temperature is below
25°C, then the UVLO point increases slightly.
Connect an external Schottky diode between
VIN and VCC if the IC should to start up with a
2.7V Vi at low temperatures. This diode is
recommended even if Vi is 3V at -40°C).

Selecting the Bootstrap (BST) and CST
Capacitors

The bootstrap (BST) capacitor (Csst) supplies
power to the buck converter's HS-FET. A 0.1uF
to 1uF ceramic capacitor is recommended for
BST decoupling. Ccst supplies power to the
input hot-swap MOSFET and the VBO
disconnect MOSFET. Ccst is charged by an
internal charge pump. Ccst should be below
47nF, as it can affect the voltage charge-up slew
rate. A 10nF ceramic capacitor is recommended
for Cecsrt.

Storage Capacitor Test Resistor

The MP5514 discharges Cstre Via an external
resistor between the STRG and RTEST pins.
The MOSFET between RTEST and GND is
about 4.5Q, and the discharge peak current
should be limited below 500mA by an external
resistor. Consider the resistance if the selected
RTEST resistance (Rgrtest) is close to 4.5Q.
Typically, a 1kQ to 10kQ discharge resistor is
recommended to reduce the resistor's size.
Other resistor values are also sufficient.

Selecting the Input Capacitor and TVS Diode

VIN capacitors are recommended to absorb
voltage spikes at the input during start-up, input
switching hard-off (during shutdown), or other
conditions. The application determines the
capacitance required. For example, if the input
power trace is too long (and has a higher
parasitic inductance) during the input-switch
hard-off period, then more energy is pumped into
the input. This means that more input capacitors
are required to reduce the V\y spike and remain
within the safe operating range. A 0.1uF or larger
input capacitor (Cin) is recommended.

Consider the application inrush current
requirements when selecting Cn. Typically,
more input capacitors result in a higher input-
inrush current during hot-plugging. A smaller Cy
is required for a smaller inrush current. The
MP5514 can operate normally with a very small
C or without any input capacitance; however,
this may lead to high voltage spikes. An efficient
solution is to add a TVS diode at the input to
absorb the possible Vv spike. This also keeps
the inrush current small during hot-plugging. A
typical TVS diode (e.g. SMA6J13A) Vaus Ris, IS
recommended.

Design Example

Table 6 is a design example following the
application guidelines for the following
specifications.

Table 6: Design Example

Vin 12v

VstrG 30V
VP 8V

VBus RLS 7.5V
IRELEASE 5A

Figure 17 on page 45 shows a typical application
circuit. For more device applications, refer to the
related evaluation board datasheet.

MP5514 Rev. 1.1
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 16,
and follow the guidelines below.

1. Connect the high-current paths (VIN, VB,
VBO, SW, STRG, and PGND) using short,
wide, and direct traces.

Keep the SW trace as short as possible.
Route the VBO trace away from SW.

Place the decoupling capacitor between VB
and PGND. Place this capacitor as close to
VB and PGND as possible.

5. Place the decoupling capacitor between
STRG and PGND. Place this capacitor as
close STRG and PGND as possible. If using
a larger-value capacitor, a small =1pF
ceramic capacitor is required. Place this
small capacitor as close to STRG and PGND
as possible.

6. Place the decoupling capacitor between
VCC and AGND. Place this capacitor as
close to VCC and AGND as possible.

7. Keep the switching node SW short and away
from the feedback network.

8. Place the external feedback resistors near
FBB, FBS, and DET.

9. Keep the BST voltage path (BST, C5 and
SW) as short as possible.

10. Connect all of the signal grounds together at
PGND with a one-point connection.

cA c2B Vaus

L 1
c6
T 1 T —
- C5
VB  CST BST
FBB sw
R4
L1
Vi 12V = vBO
VIN
RTEST—o
a DET i Verme
R2 o—]EN RS l i
I i o MPs514 e
o—]ovp sbAl—o zre I I
TPOR scLpb—o <+
cr DVDT pes|—o
I c8 ICH PGBF——o
le% o—— TEMP PFl |—
& LYSC_wim acnp ponp NT|—

Lo

Schematic for Layout

STRG

C4B

Top Layer

—

Bottom Layer
Figure 16: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

Vaus©O- 1 | —L_C6
ols T
C2A C28 o — ==C5
R3 224F "T70.1yF I\ AGND 1uF
105kQ S - & U1
PCND  POND
R4 o 5
AN 2egs ~ 8 2 swj
= 12.2k0 L1 10uH
AGND
Vi © J_ 1L30f veoj
D1 CL STRQ 26 *
NS 0.1pF DET RS J_CM _l+ cas
. o 1000uF
= 365k0) H
AGND R12 R11 ovP
PGND 100kQ >100kQ 23 PGND PGND
11kQ FBY
R6
1 10kQ
13 EN RS
AGND  AGND M P55 14 10kQ
VCC = VvCcC
AGND
T 2{vce -
Les 8 RTESTFE—
1uF ILIM
R7 3
= 12kQ T TPOR o B R14
AGND C7 7 16 100kQ
10nF l_i DVDT PGH——
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Figure 17:
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Typical Application Circuit (12V Input, 30V Storage)

MP5514 Rev. 1.1
7/18/2024

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

45



meSs

MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

PACKAGE INFORMATION

QFN-30 (5mmx5mm)
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NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.

2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
MOLD FLASH.

3) LEAD COPLANARITY SHALL BE 0.10
MILLIMETERS MAX.

4) REFERENCEIS MO-220.

5) DRAWING IS NOT TO SCALE.

MP5514 Rev. 1.1 MonolithicPower.com 46
7/18/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



meSs

MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

CARRIER INFORMATION

Pinl —» 1 e 1[p 1I'p
Reel ABCD ABCD ABCD ABCD
Diameter /
_—
Feed Direction
Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MPS514GU- QFN-30 5000 N/A N/A 13in 12mm 8mm
XXXX-Z (5mmx5mm)
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mps MP5514 — ENERGY BACKUP AND MANAGEMENT UNIT

REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 2/16/2023 Initial Release -
Updated part number in Ordering Information section to 3
11 2118/2024 MP5514GU-xxxx"; updgted MSL Rating to.1 .
Updated part number in Carrier Information section to 47
“MP5514GU-xxxx-Z"

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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