MP5520

2.7V to 16V, Power Loss
Protection Management IC with

Dual E-Fuses and Power-Sharing Function

DESCRIPTION

The MP5520 is a high-efficiency, monolithic
converter designed for power management in
enterprise and datacenter SSDs. It integrates
dual-input current-limit switches (e-fuses), a
bidirectional buck-boost converter, and a
bidirectional power-sharing converter.

The low on resistance (Rpson) e-fuses are
designed for Viy up to 16V and 6V, respectively.
Both e-fuses provide input current limiting and
can block reverse currents. Soft start (SS)
prevents inrush current during system start-up.

The bidirectional buck-boost converter provides
energy management. Backup energy is stored in
high-voltage capacitors. MPS’s patented energy
storage and release management control circuit
minimizes the storage capacitor (Cstre)
requirement. The converter pumps Viv to a
higher Vstre, and if there is a Vv outage, the
converter releases the energy to the system
across a hold-up time. The configurable charging
current ramps up Vstre in @ controlled manner.
Paired with the e-fuses’ reverse-current
blocking, the backup energy is fully utilized to
support the load during Vi loss.

Constant-on-time (COT) control is used when
the bidirectional converter releases the energy
from Cstre, Which minimizes the voltage drop
during the transition from charge mode to
backup mode. The total solution size is
minimized since this converter only requires one
inductor.

The bidirectional power-sharing converter
provides power sharing between the e-fuses. It
can be configured to either boost power-sharing
mode or buck power-sharing mode. The internal
ADC accurately monitors Vinx, linx, and Pinx. TO
guarantee long-term reliability, the MP5520
offers Cstre health monitoring.

The MP5520 requires a minimal number of
readily available, standard external components,
and is available in a QFN-37 (5mmx6mm)
package.

FEATURES

e Input Current Limit Switches (E-Fuses):
o Wide Ving: 2.7V to 16V VN1 (E-Fuse 1)
and 2.7V to 6V Vin2 (E-Fuse 2)
o Low On Resistance (Rps(on)): 20mQ E-
Fuse 1 and 22mQ E-Fuse 2
o Selectable Reverse-Current Blocking
o Configurable Input Brownout
o Power Disable Function
e 36V Charge and Backup Converter (PLP):
o Supports Up to 36V Vstre
o Charge Operation
= External Pin to Set Vstrc and Power
Failure Threshold
= Configurable Charging Current
o Backup Operation:
= Up to 10A Peak Current Capability
= Up to 7A Valley Current Capability
= Configurable fsw
e Bidirectional Power-Sharing Converter:
o Selectable Boost-Sharing Mode or
Buck-Sharing Mode
o Selectable Standalone Mode or Power-
Sharing Mode
o Configurable Regulated Voltage with
External FB Resistor or I1>°C Control in
Standalone Buck Mode
e System:
o MTP Configurable Up to 1,000 Times
o Digital I°C for Status Monitoring and
Operation Control
o Health Monitoring for Csrra
o Internal 8-Bit ADC to Monitor linx, Ving,
and Pnx with a 60kSPS Sampling Rate
o System Power Failure and Interrupt
Indicators
o Available in a QFN-37 (5mmx6mm)
Package

APPLICATIONS

o Enterprise Solid-State Drives (SSDs)
e Power Backup Solutions

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality Assurance.
“MPS”, the MPS logo, and “Simple, Easy Solutions” are trademarks of
Monolithic Power Systems, Inc. or its subsidiaries.
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL APPLICATIONS
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Figure 1: Typical Application 1 ® Figure 2: Typical Application 2 @

Notes:

1) The power-sharing converter operates in boost-sharing mode. The PLP regulates the 12V bus voltage (Vgys) during buck release. For more
details, refer to the Appendix: Logic Flow of Application 1 section on page 63.

2) The power-sharing converter operates in buck-sharing mode. The PLP regulates the 5V Vgys during buck release.
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ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP5520G QJ-XXXX** QFN-37 (5mmx6mm) See Below 1
EVKT-MP5520 Evaluation Kit - -

* For Tape & Reel, add suffix -Z (e.g. MP5520GQJ-xxxx-Z).

** “xxxx” is the configuration code identifier for the register setting stored in the multiple-time programmable (MTP)
memory. The default number is “0000”. Each “x” can be a hexadecimal value between 0 and F. Contact an MPS
FAE to create this unique number.

TOP MARKING

MPSYYWW
MP5520
LLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP5520: Part number
LLLLLLL: Lot number

EVALUATION KIT (EVKT-MP5520)
EVKT-MP5520 kit contents (items below can be ordered separately):

# | Part Number Item Quantity
1 | EV5520-QJ-00A MP5520 evaluation board 1
> ——
> | EVKT-USBI2C-02-BAG Includes one USB to I°C communication interface, one USB cable, 1
and one ribbon cable

3 | MP5520GQJ-XXXX MP5520 PMIC (can be used for MTP configuration) 2

Order directly from MonolithicPower.com or our distributors.

Input Power
Supply
Ribbon Cable USB to I’C USB Cable “
Evaluation Board Communication M ! 5
Interface ~—
Figure 3: EVKT-MP5520 Evaluation Kit Set-Up
MP5520 Rev. 1.0 MonolithicPower.com 3
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

PACKAGE REFERENCE

TOP VIEW
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

PIN FUNCTIONS

Pin # Name |Description
Bidirectional power-sharing converter’s high-side MOSFET (HS-FET) bootstrap.
1 BST1 |Connect a capacitor (typically 100nF) between the BST1 and SW1 pins to supply the HS-

FET’s driving voltage.

Interrupt indication 2. The INT2 pin is an open-drain output. The CAPTEST_DONE status
is reported to the system via INT2. This status can be disabled by the corresponding mask

2 INT2 registers. See the STATUS2 (38h) section on page 54 and the MSK_INT2 (3Ah) section on
page 55.
Enable for the downstream DC/DC converters. The ENDCDC pin is an open-drain output.
3 ENDCDC If EN2 is configured to SAS mode and soft start (SS) for both e-fuses completes, then

ENDCDC is pulled high. If EN2 is configured to PCle mode and e-fuse 1's SS completes,
then ENDCDC is pulled high. If the buck release completes, ENDCDC is pulled low.

Power-sharing converter’s output voltage feedback in standalone buck mode. The
4 FB1 internal reference is 0.6V by default. The reference voltage (Vrs:1_rer) can be configured via
the internal I°C register.

I2C address. There are three I12C addresses. Pull the ADDR pin low to set the I°C address

5 ADDR |to 33h. Pull ADDR high to set the I1°C address to 35h. Float ADDR to set the I12C address to
37h.

6 AGND |Internal signal ground.

7 Vol Internal power supply. The VCC pin is supplied internally. Connect a minimum 1uF ceramic
capacitor between the VCC and AGND pins to guarantee a clean internal power supply.

8 FBS Storage voltage feedback. Connect a voltage divider to the FBS pin to set the storage
voltage (Vstre) during the 36V charge and backup converter’s (PLP) charging.

9 FBR Release voltage feedback. Connect a voltage divider to the FBR pin to set the regulated
release voltage (Vsus_rLs) during PLP release.

10 PGS Storage voltage power good (PG) indicator. The PGS pin is an open-drain output. If Vstre
exceeds the 1°C’s configured threshold, PGS is pulled high.

11 BST?2 PLP’s HS-FET bootstrap. Connect a capacitor (typically 100nF) between the BST2 and
SW2 pins to supply the HS-FET’s driving voltage.
System power ground 1. The GNDL1 pin requires thick, wide routing on the board layer to

12 GND1
conduct current.
PLP switching node. Connect the SW2 pin to one end of the inductor using wide routing to

13 SW2
enable the current to flow.
Connection between the PLP’s blocking FET and HS-FET. Connect a minimum 2.2uF

14 CT2 ceramic capacitor between the CT2 pin and power ground to achieve stable operation. The
capacitor must have a voltage rating equal to that of the storage capacitor (Cstra).

15 STRG |Storage voltage. Connect the STRG pin to Cstre to generate backup energy.

16 VB2 E-fuse 2 power output.

17 VIN2 E-fuse 2 power input.

18 DVDT?2 E-fuse 2 SS time configuration. Connect a capacitor between the DVDT2 pin and ground

to configure e-fuse 2’s SS time (tovo2).

Power disable for the e-fuses’ on/off control. If the P1P2 pin is pulled low and the P3 pin
19 P3 is pulled high, then both e-fuses are turned off. There is an internal 500kQ pull-down resistor.
P3 has a 1ms deglitch time.

E-fuse 2 output voltage detection. Connect a voltage divider to the DET2 pin to set the
detection threshold for e-fuse 2’s output voltage (Vsz). If Ve2 is below this threshold, DET2 is
20 DET2 |triggered. Triggering the DET1 and DET2 pins controls whether the PFI goes high or low, as
well as PLP release. There are four control modes: DET1 is only triggered, DET2 is only
triggered, both DET1 and DET?2 are triggered, and either DET1 or DET?2 is triggered.

MP5520 Rev. 1.0 MonolithicPower.com 5
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PIN FUNCTIONS (continued)

Pin # Name |Description

21 EN Enable for the e-fuses. Pull the EN pin logic low to turn off the e-fuses.

22 SDA |I°Cinterface data.

23 SCL I2C interface clock. The SCL pin can support up to a 3.4MHz 12C clock.

2 RCLK Internal reference clock. Connect a 100kQ external resistor to the RCLK pin to set the

internal clock frequency.

Power failure indicator. The PFI pin is an open-drain output. If DET1 or DET2 is triggered,
PFI goes high. During buck release, PFI remains high to indicate buck release.

E-fuse 1 SS time configuration. Connect a capacitor between the DVDT1 pin and ground
to configure e-fuse 1’s SS time (tovori).

E-fuse 1 output voltage detection. Connect a voltage divider to the DET1 pin to set the
detection threshold for e-fuse 1’s output voltage (Veu). If Va1 is below this threshold, DET1
27 DET1 |is triggered. Triggering DET1 and DET2 controls whether the PFI goes high or low, as well
as PLP release. There are four control modes: DET1 is only triggered, DET2 is only
triggered, both DET1 and DET?2 are triggered, and either DET1 or DET2 is triggered.

Power disable for the e-fuses’ on/off control. If the P1P2 pin is pulled low and the P3
28 P1P2 |pin is pulled high, then both e-fuses are turned off. There is an internal 500kQ pull-down
resistor. P1P2 has a 1ms deglitch time.

Resistor connection for the capacitor health test. Connect an external resistor to the

25 PFI

26 DVDT1

29 RT RT pin to set the discharging current for the capacitor test.
Interrupt pin 1. The INT1 pin is an open-drain output. The over-current (OC), over-voltage
30 INT1 (OV), and Csrre failure statuses are reported to the system via INT1. These statuses can

be disabled by the corresponding mask registers. See the STATUSL1 (37h) section on page
53 and the MSK_INT1 (39h) section on page 54.

31 VIN1 E-fuse 1 power input.

Mode selection. The EN2 pin selects PCle mode or SAS mode. If EN2 is pulled high, the
MP5520 enters SAS mode, where the e-fuses turn on simultaneously only if the VIN1 pin
voltage (Viny) and the VIN2 pin voltage (Vin2) exceed their UVLO thresholds (Vini_uvio and
Vinz2_uvio, respectively). In SAS mode, boost charge starts after the e-fuses turn on, DET1
32 EN2 and DET2 both exceed the PFI low threshold, and FBR exceeds the FBR charging
threshold. If EN2 is pulled low, the MP5520 enters PCle mode, where the e-fuses can be
turned on separately. If Vini exceeds Vini_uvio, e-fuse 1 turns on. Boost charge starts if e-
fuse 1 is on, DET1 exceeds the PFI low threshold, and FBR exceeds the FBR charging

threshold.
33 NC No connection. It is recommended to float the NC pin.
34 VB1 E-fuse 1 power output.

Connection to the power-sharing converter’s HS-FET drain. In boost-sharing mode,
connect the CT1 pin to VB1 using an external diode for reverse-current blocking between
VB1 and CT1. Connect a minimum 0.1yF ceramic capacitor between CT1 and power

35 CT1 ground to achieve stable operation. In buck-sharing mode, CT1 and VB1 can be connected
directly. The capacitor must have a voltage rating equal to that of e-fuse 1’s output
capacitor.

Bidirectional power-sharing converter switching node. Connect the SW1 pin to the

36 SW1 . . . ; .
power-sharing converter’s inductor using wide routing to enable the current to flow.

37 GND2 System power ground 2. The GND2 pin requires thick, wide routing on the board layer to
conduct current.
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ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance © 6;an 0Oic

VINL oo, -0.3V to +18V QFN-37 (Smmx6mm)...... 29.5...15.5...°C/w

VBL1, CT1 .o, -0.3V to +18V

VINZ oo -0.3V to +6.5V Notes: _ ,

V=7 JS -0.3V to +6.5V 9 Exceeding these ratings may damage e device. rine

STRG. ..o, -0.3V to +40V maximum junction temperature, T, (MAX), the junction-to-

SWW L e ambient thermal resistance, 6,4, and the ambient temperature,

Ta. The maximum allowable continuous power dissipation at

-0.3V (-5V < 10ns) to VIN1 + 0.7V (23V < 10ns) arﬁy ambient temperature is calculated by Pp (MAX) = (T,

SW (MAX) - Ta) / 83a. Exceeding the maximum allowable power

0.3V (5V<10n5) 10 STRG + 07V (45V < 10nS)  dsitor o s an s st i

BSTL oo, SW1 + VCC thoymal shutdown sireuitry protects the devie from permanent

BSTZ. e, SW2 + VCC damage.

CT2. RT 40V 5) The device is not guaranteed to function outside of its operating

R conditions.

ADDR, RCLK, or EN2................. -0.3V to +5.5V 6) The 6a value given in this table is only valid for comparison

All other pins........cccceeeeiiieiiiee, -0.3V to +6V with other packages and cannot be used for design purposes.
: ° These values were calculated in accordance with JESD51-7

Junction temperature (Ti) ...cccoveveeeeeennnnne 150°C and simulated on a specified JEDEC board, They do not

Lead temperature .........ccoooeeiiiiii 260°C represent the performance obtained in an actual application.

Continuous power dissipation ¥ ............... 4w

ESD Ratings

Human body model (HBM) ..........ccccuunee. 2000V

Charged-device model (CDM).................... 750V

Recommended Operating Conditions ®

VINL .o, 2.7V to 16V

VBl ..o, 2.7V to 16V

VINZ oo 2.7Vto 5.7V

VB2 ..o 2.7V to 5.7V

STRG ..., 3V to 36V

Operating junction temp (T;).... -40°C to +125°C

MP5520 Rev. 1.0 MonolithicPower.com 7
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ELECTRICAL CHARACTERISTICS
Vint =12V, Vine =5V, Vec =5V, Ty =-40°C to +125°C (), typical values are tested at T; = 25°C, unless

otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
E-Fuse 1
2 -
(DVLO) rising threshold | memee- | register O3h. bit[7:6) = o1 875 | 025 | 975 | V
_ Vint Uvio IZCTconfigurab!e,
Vin1 UVLO falling threshold -~*""= |register 03h, bits[7:6] = 01, 8 8.5 9 \Y
FALLING 1 register 03h, bits[5:4] = 01
E-fuse 1 on resistance Rbs(on)1 20 mQ
E-fuse 1 leakage current ILk1 1 MA
VB1 clamping voltage VeLampi 13.2 13.7 14.2 Vv
:ﬁ?elsﬁ‘éleé"’o'tage ©V) Vovi T 138 | 143 | 149
E-fuse 1 current limit lLma Register 3Bh, bits[4:0] = 01011 1.7 2 2.3 A
VB1 soft-start (SS) time tovoT1 Covor1 = 10nF, 10% to 90% of Ve1 2.7 ms
E-Fuse 2
Vinz UVLO rising threshold | /"*-01o- :ze%}gtc’er;flc?zljr:?glig[?: 6= 10 345 | 375 | 405 | V
_ Vine LvLo IZCjconfigurab!e,
Vinz UVLO falling threshold - """~ |register 02h, bits[7:6] = 10, 25 2.8 3.1 \Y,
FALLING register 02h, bits[5:4] = 11
E-fuse 2 on resistance Rps(on)2 22 mQ
E-fuse 2 leakage current ILk2 2 MA
VB2 clamping voltage VcLamp2 5.7 6 6.3 \Y,
VB2 QV threshold Vovz_TH 5.9 6.3 6.7 \Y
E-fuse 2 current limit ILim2 Register 3Ch, bits[4:0] = 01011 1.7 2 2.3 A
VB2 SS time tovpT2 CovpT2 = 10nF, 10% to 90% of Ve2 2.5 ms
36V Charge and Backup Converter
|(-|I-I|gShFSIIEC'II'e) er? rSe[s:iE:[;nce RDS(POLNPLHQ S0 ma
e s o
gllﬂgrhe-sslléjtir(I?eS) blocking FET Ros_pis_pLp 37 mQ
FBR charging threshold VcH_FBR 0.816 \%
FBR release threshold VRLs_FBR 0.8 V
Pre-charge current Irre_cHre | Register OEh, bits[5:4] = 00 50 mA
Switching frequency of
release buck in backup fsw ris | Register 08h, bits[3:2] = 01 1 MHz
mode
IIIr?”l\IAtI s;dbeuszll_(Sr)e;/eilxlseey current ILs pLp $f2|3t5eorCO8h, bits[6:5] = 01, 24 3 36 A

MP5520 Rev. 1.0
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

ELECTRICAL CHARACTERISTICS (continued)
Vint =12V, Vine =5V, Vec =5V, Ty =-40°C to +125°C (), typical values are tested at T; = 25°C, unless

otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
0,
Boost refresh threshold Vs_REFRESH 100.5 | 101 |101.85 \?R(E):
= 0
Capacitor test measurement I\_/g—g?ﬁf: B 01 g%n/so 3 3 %
ility ©® T ' ;
repeatability VstrG Sensing method
Bidirectional Power-Sharing Converter
HS-FET on resistance RDS((:S)—HS— 30 mQ
LS-FET on resistance RDS(SS)—LS— 18 mQ
Switching frequency in fswps |Register OFh, bits[1:0] = 01 1 MHz
standalone mode - ' '
- Register OFh, bits[3:2] = 01,
LS valley current limit ILs_ps T, = 25°C 2.2 3 3.8 A
System
VCC regulation voltage Max Vini, Vinz, Va1, VB2 > 5V 4.7 5 5.3 \%
E-fuse turn-on threshold with : R
VIN recovery Von Register 01h, bits[3:2] = 00 50 mV
E-fuse turn-on delay with VIN : R
recovery ton_petay | Register 01h, bits[1:0] = 00 0.85 ms
E-fuse reverse-current blocking
threshold Ircs 240 mA
DET1, DET2, FBR, and FBS Veer 0.792 0.8 0.808 v
reference voltage T; =-40°C to +125°C 0.788 | 0.8 | 0.812
Register 10h, bits[6:0] = 0111011 | 0.594 | 0.6 | 0.606
FB1 reference voltage VRer_FB1 |Tj=-40°C to +125°C, \%
register 10h, bits[6:0] = 0111011 0591 0.6 |0.609
DETx, FBR, FBS, and FB1
leakage current e 10 nA
0.808 | 0.816 | 0.824
PFI low threshold VPFI_L \%
T;=-40°C to +125°C 0.8 | 0.816 | 0.832
0.792 | 0.8 | 0.808
PFI high threshold VPr_H \%
Ty =-40°C to +125°C 0.788 | 0.8 | 0.812
PFI rising delay to_pri_H 2 us
PFI falling delay to_PrI_L Register 06h, bits[2:1] = 00 200 us
Thermal shutdown ® Tsp 150 °C
Thermal shutdown hysteresis ® THys 25 °C
Thermal warning ® TwrN 120 °C
Thermal warning hysteresis ® TWRN_HYS 20 °C
MP5520 Rev. 1.0 MonolithicPower.com 9
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

ELECTRICAL CHARACTERISTICS (continued)
Vint =12V, Vine =5V, Vec =5V, Ty =-40°C to +125°C (), typical values are tested at T; = 25°C, unless

otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Logic Interface
. . ViH1 P1P2 and P3 1.2 \
High-level input voltage
ViH2 SDA, SCL, and EN 14 \
Low-level input voltage Vi P1P2, P3, SDA, SCL, and EN 0.5 \Y
ILkc_spa | Vspa =5V 10 nA
lke_sct |VscL =5V 10 nA
ILkG_EN Ven = 5V 10 nA
Input leakage current Ik En2 | VEN2 = BV 10 nA
lke_Pir2 | VPip2 = 5V 10 WA
ILkG_P3 Vp3 = 5V 10 WA
ILkc_apDR | VADDR = 5V 10 nA
lke_pri  |VPR =5V 2 WA
llke_pes | Vpes = 5V 2 A
Output leakage current ILke_enpcoc | Venbepe = 5V 10 nA
Ik INT2 | ViNT2 =5V 2 A
Ik INT2 | ViNT2 =5V 2 A
Low-level output voltage Vout_L Eﬁgég(-glsuql\l(zirrpeﬁts _ ZanlAand 0.2 \%
Notes:
7) Not tested in production. Guaranteed by over-temperature correlation.
8) Guaranteed by design or engineering sample characterization.
MP5520 Rev. 1.0 MonolithicPower.com 10
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL CHARACTERISTICS

VNt = 12V, Ving = OV, Vstre = 272V, VpETL = 8.96V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless

otherwise noted.
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TYPICAL CHARACTERISTICS (continued)
VNt = 12V, Ving = OV, Vstre = 272V, VpETL = 8.96V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless

otherwise noted.

FBR Release Threshold vs.

FB1 Reference Voltage vs.

Temperature Temperature
810 610
805 —~ 605
S
> E
£ so00 8 600
h ———// Y Lj_I T
S
795 > 595
790 590
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125
TEMPERATURE (°C) TEMPERATURE (°C)
Power-Sharing Converter Valley
Current Limit vs. Temperature Boost Pre-Charge Current vs.
s ps = 3A Temperature
4 200
150
35 ~ 100
<
< E 50
Q
g 3 : 0
= ' -50
g
25 — -100
-150
2 -200
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125
TEMPERATURE (°C) TEMPERATURE (°C)
E-Fuse 1 Current Limit vs. E-Fuse 2 Current Limit vs.
Temperature Temperature
lma = 2A limz = 2A
3
25 25
~ 2 2
< <
g 15 3 15
T T
0.5 0.5
0 0
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL CHARACTERISTICS (continued)

Vint = 12V, Vine = 0V, Vstre = 27.2V, Vper1 = 8.96V, Veus rLs = 6V, Lpip = Lps = 1.5pH, Ta = 25°C, unless
otherwise noted.

Storage Voltage vs. Charge Time
PCle mode, ICHRG = 011

Storage Voltage vs. Charge Time
PCle mode, ICHRG = 111

35 ‘ 35
30 // 30 I
2 25 S 25
V]
Ll
s 20 & 20
e C_STRG = 470uF C_STRG = 470uF
15 C_STRG = 1000uF 15 C_STRG = 1000uF -
C_STRG = 2200uF C_STRG = 2200uF
10 | | | | | 10 | | | | |
01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08
tenrs (S) tenre (S)
. PLP Buck Efficiency vs. Storage
Release Time vs. Storage Voltage y g
Capacitance L = 1.5pH (MPL-AY1050-1R5,
Veus_ris = 6V _ DCR = 3.4mQ)
250 ‘ ‘ S 100
——IVB1=1A 3
200 _ 95
‘@ 150 L 2 90
£ [
- // w
# 100 X 85
- @)
// 2
50 |- a 80 —|\VVB1=2A
| ‘ ‘ T IVB1=4A
0 75
400 800 1200 1600 2000 2400 5 10 15 20 25 30 35
Csrre (MF) Vgrre (V)
Power-Sharing Converter
Efficiency vs. Load (Standalone
Buck Mode)
L = 1.5uH (MPL-AY1050-1RS5,
< DCR = 3.4mQ)
;/ 100
O 95
E 90 I =™ 1 743\”77’
O 85 1
L /
o 80 |——
L /
v 75 7
S 70 ar
2 s / ——VB1=12V |
3 60 / VBl=6V
55 ‘
0.1 1 10
LOAD (A)
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL PERFORMANCE CHARACTERISTICS

VNt = 12V, Ving = OV, Vstre = 272V, VpETL = 896V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless
otherwise noted.

Input Start-Up

Start-Up through EN

lve1 = 3A lve1 = 3A
9 N
CH1: Ven
CH1: Viny E f Svidiv.
5V/div.
CH2: Vg1 CH2: Vg1
5V/div. 5V/div.
CHS3: VstrG CHS3: Vstrc
10V/div. 10V/div.
CH4: I CH4: I <
2A/div. 2A/div. |
F Meeizontd Trigger THD Aceli S EFE CER Merizantd Tiger DD Acepli
B T, L B e,
:.1'\“«-'- "’ WML JMHEL | JOMAEA 20 M :1-“'-"««- ;
200ms/div. 200ms/div.
PLP Buck Steady State
Vstre = 20V, lve1 = 0A, 22uF ceramic capacitor
Boost Steady State on VB1
CH3: l l I
r—
VSTRG/A.C l'i-)—-_‘ . ——{-b ——'"-‘_ — T CH3: Vstre
1V/div. ;
10V/div.
CH1: VB1 = CH1:
5V/div. | Ver o
| B1_AC
100mV/div.
y— CH2: Vsw2 i
CH2: Vaws | [ 10Vv/div. 5.
10V/div. | l
CH4: 1L i L CH4: I L i
2A/div. | [ 2A/div. '
[T o Ve [T 0 C__ o [ i
. e e e - “g'l when |~
NS J0MH L J0 MHZL 20 M l: § Mpts. MM OMH A JOMHE A 20 MHEA LS Mty
400ms/div. 100us/div.
PLP Buck Steady State PLP Buck Steady State
VstrG = 20V, lve1 = 3A, 22uF ceramic capacitor VstrG = 20V, lve1 = 5A, 22uF ceramic capacitor
on VB1 on VB1
v % ’ h
VC/'Xlé CH1: 5
B I;D/\/\/\/V\/\/W\/\/\_/ VBIAC P s s /o s N/ St S i ™S
20mV/div. ) |
20mV/div. |
CHfZ\\///sdT_RG ; 1 ] T " M CHS3: Vstro
ovidiv. ) 1) L LT Lo tovidiv. 4
CH2: Vsw2 I\T&,T,T‘T,wf "T' Lﬁ ] CH2: Vsw2 T ,/.\.‘ L \ “f{'x'f\ LN |
: / / { / / N/ / : -i / f / i/ / / / / / /
N AVAVAVANAVAVAVAVAVAVAN, S AVAVAVAYAVAVAYAVAYAVAVAVAVAVAVAYAY
CH4: Iy '
2A/div.
fdiv | CH4: I
1ps/div. 1ps/div.
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VNt = 12V, Ving = OV, Vstre = 27.2V, VpETL = 8.96V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless
otherwise noted.

CH3: Vstre
10V/div.
CH1: Va1
5V/div.
CH2: Vsw2
20V/div.

CH4: I
2A/div.

CH3: Vstre
10V/div.

CH1: Va1
5V/div.
CH2: Vsw2
20V/div.

CH4: IL
2A/div.

CH1: Vs1
5V/div.
CH3: VstrG
10V/div.
CH2: Vsw2
20V/div.

CH4: IL
2A/div.

PLP Buck Release
lve1 = 1A

o
S08Vidn | 200 Vidv | RO Vi | 200 Aldv
i) '

J0M s J0MN L 20 ML

20ms/div.

PLP Buck Release
lve1 = BA

4ms/div.

VIN1 Shutdown and Recovery

during Release
QPOR =0, lve1 = 0A

08 Vidn

00Vide | 180VidN | 10D Ald

"o " I "
20Ms | 0Mes | 0Mes | 10Mes 1§ s

2s/div.

CH3: Vstre
10v/div.
CH1: V1
5V/div.
CH2: Vsw2
20V/div.

CH4: I
2A/div.

CH4: Ven
5V/div.

CH1: V1
5V/div.
CH3: Vstre
10v/div.
CH2: Vsw2
20V/div.

CH1: V1
5V/div.
CHS: VstrG
10v/div.
CH2: Vsw2
20V/div.

CH4: I
2A/div.

PLP Buck Release
lve1 = 3A

[ EEE GO

500Vidv | 200Vidv | DAVidw | 200 Aiby

M0 n o
Mk, 20

0us | 20MkL

10ms/div.

Start-Up Sequence
Starts up in the following sequence: EN on,
ENCH bit on, ENCH bit off, EN off

T
PO

+Jd|

—

N1 PR X
S00VKeY | 0DWIGY | MO Vidh | 500 Vi
1

Ll

Herkoral  Trigger (1)
Iofat | N A0 Suph
SR ks 1Az
15 gl

ML 20Mk L MK B MR

2s/div.

VIN1 Shutdown and Recovery

during Release
QPOR =1, lve1 = 0A

QT . Y.
S00V/dv | 200Vidv | DOVidw | 200 Aty

ML 20MEL 20, ML

4s/div.
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ving = 12V, Ving = OV, Vstre = 27.2V, VpeT1 = 8.96V, VBUS_RLS = 6V, Lpip=Lps = 1.5|JH, Ta= 25°C, unless
otherwise noted.

PLP Buck OCP
Vstre = 20V, lum_rLs = 3A, add 7A load
(3.2mA/ps) on VB1

ﬂ

VB1 SCP and Recovery
lum_rLs = 3A, short VB1 with wire, then recover

] 3 %

CH3: VstrG
10V/div.
CH1:Ve: Q@ | | | _ CH1: Vs1
svidiv. | M T ——— 5V/div.
L
CH2: Ve L — 10v/div.
10V/div. CH2: VSlWZ
20V/div.
CH4: 1L CH4: |
SA/div. : an
N a BA/div. [ e e o ﬁ':': N
4ms/div. 100ms/div. B
CLBK Function CLBK Function
=1, | = X =6.3ms, =0, | = & =6.3ms,
QPOR =1, MAX_RLS_TIMER_CLBK = 6.3 QPOR =0, MAX_RLS_TIMER_CLBK =6.3
VS_TH_CLBK =92% VS _TH_CLBK =92%
' Kl | v ‘ %
CH3: VstrG —1 I ] CHS3: VstrG ! | | — ! I
10V/div. _’ﬂ\ 10V/div.
CH2: Va1 -_—/‘— \ \ CH2: Ves
5V/div. - 5v/div.
CH1: g1 CH1: Ig1
5A/div. 5A/div.
CH4: I .
S
2ms/div. 2ms/div.
Boost Power Sharing Boost Power Sharing
SAS mode, Vin1 = 12V, Vinz = 5V, lum = 4A, SAS mode, Vin1 = 12V, Vinz =5V, lum = 4A,
lum2 = 6A, add 2.5A to 5A load on VB1, lum2 = 6A, add 1A to 5A load on VB1,
PWR_SHARE_LIM = Ium X 62% PWR_SHARE_LIM = Ium x 31%
CH4: IL_ps CH4: I ps
2A/div. 2A/div.
CH2: Vg1 CH2: Vg1
SVidiv. —— 5V/div.
CHL: Iny ™ 1
2A/div. CH1: Iina
CH3: Vstre 2A/div.
5V/div. CH3: VsTre
I o 5V/div.
2ms/div. 2ms/div. B
MP5520 Rev. 1.0 MonolithicPower.com 16
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VNt = 12V, Ving = OV, Vstre = 27.2V, VpETL = 8.96V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless
otherwise noted.

Power-Sharing Converter Input
Start-Up

Power-Sharing Converter Steady

Standalone mode, Res1 up = 64.9kQ, State .
Rre1_Lower =15kQ, start-up without load Standalone mode, without load
v X ' ]

CH1: VB1 ] CH1: VB1
5V/div. svidiv.  F '

CH3: PS CH3:Ps L ‘ |
Output I’ Output [
2V/div. 2V/div. t 1 L 11 } | } | }

CH2: Vsw1 cH2: Ve I 1 | I | A
5v/div. 5V/div. ! | l
ch CHa: I ps L. Ll | R |
2A/div. 2A/div.
2ms/div. 40ps/div.
Power-Sharing Converter Input Power-Sharing Converter Steady
Start-Up state
Standalone mode, start-up with 1A load Standalone mode, 1A load
I 9 1 9

CH1: VB1 CH1: VB1
5V/div. | | 5V/div.

CH3: PS TR CH3: PS !
Output Output
2Vidiv. 2V/div. ¢

CH2: Vsw1 CH2: VSWl W ERT Ty S W __‘.(.._....“.___,:____,_. e el el et e e .
5V/div. SVidiv. . RANANANAVVWVWWAAWNVYVWWWNAWNY
CH4: IL_ps CH4: IL_ps ' : | ! | !
2A/div. 2A/div.
2ms/div. 2us/div.
Power-Sharing Converter Input Power-Sharing Converter Steady
Start-Up state
Standalone mode, start-up with 3A load Standalone mode, 3A load
1 1 9

CH1: VB1 CH1: VB1
5V/div. 5V/div.

CH3: PS CH3: PS '

Output Output
2v/div. 2V/div.
CH2: Vsw1 CH2: Vsw1
5V/div. 5V/div.

CH4: IL_ps
2A/div. CH4: I ps

2A/div.

SN N CEN.
500 Vidn || B0BV/dv | 100 Vidn || 200 Al
i) 0

s e | 0w 2w

2ms/div.

2us/div.
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mps MP5520 - POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VNt = 12V, Ving = OV, Vstre = 272V, VpETL = 896V, VBUS_RLS = 6V, Lpp = Lps = 1.5|JH, Ta= 25°C, unless
otherwise noted.

Power-Sharing Converter OCP

lum_rLs = 3A IlLim_RrLs = 3A

Power-Sharing Converter SCP Entry

G
q

CH1: Ve1
5V/div.
CH3: PS

Output
2V/div.

CH2: Vsw1

5V/div.
CH4: IL_ps
2A/div.

Horlzontal Trigger W A
B o, |
N B

S Mgt

o Morlecatal T W A

B
[

M-

4us/div. 10ps/div.

MP5520 Rev. 1.0
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

FUNCTIONAL BLOCK DIAGRAM

T STRG

IS
—

4
M
PFI ,—k—‘
Power Charge HS Drive Il:
PGS and Release \_'_‘
Control le— FBS
DET1 Vee
le— FBR
DET2 LS Drive |
_I\_/C_C[ B
. VIN, |, Vint Vinz VBlf\VBZ Vstre
|-
1 T - T
I ' Charge [«— Ve
= Pump *+— Vee | 1\
EN HS Drive '_:
EN2
DVDT1 Buck v
DVDT2 Control Control cc
ENDCDC N
P1P2 l«— FB1 [} FB1 I
P3 Charge le—v, L %
B2 -
f Pump le— Vee
l Vex _I_J__L
VIN2 TY.¥LC VB2
l {} V) {} l
I RCLK I
Vine Iina Ving iz MTP Redi sct
egister 2
l l l l Memory rc SDA
ADC Signal INT1
Process INT2
ADDR
1 1
GNDHAGND
Figure 4: Functional Block Diagram
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

OPERATION

The MP5520 is an energy backup and
management unit that is available in a QFN-37
(5mmx6mm) package. It provides a compact and
efficient energy management solution for solid-
state drive (SSD) applications. MPS’s patented,
lossless energy storage and release
management circuits use a bidirectional charge
and backup converter to achieve optimal energy
transfer and provide cost-effective energy
storage solutions. An additional bidirectional
power-sharing converter is integrated to
implement power sharing under heavy-load
conditions.

The MP5520 also provides an I2C interface to
write control commands and monitor the system
status. The internal analog-to-digital converter
(ADC) accurately monitors the input voltages
(Ving), input currents (Iinx), and input powers
(Pinx) (where x = 1 or 2) . The MP5520 offers
health monitoring for the storage capacitor
(Cstro).

Internal Clock (RCLK)

The MP5520’s internal clock (RCLK) generates
an accurate timing reference. The internal clock
is critical for the capacitor health test and input
power monitoring. This reference clock’s
operating frequency is determined by the resistor
connected to the RCLK pin. It is recommended
to connect a 100kQ resistor between the RCLK
pin and power ground for normal operation.

E-Fuses’ Soft Start (SS) (DVDT1 and DVDT?2)

The e-fuses provide soft start (SS) to prevent an
input inrush current between VINx and VBx. The
external capacitors connected to the DVDT1 and
DVDT2 pins set the SS time for e-fuse 1 (tbvori)
and e-fuse 2 (tpvor2), respectively. The DVDTX
capacitors (Cpvprx) are charged by an internal
current source (about 2.8uA) and becomes
saturated at about 1V.

When the e-fuses operate separately, toypr1 can
be calculated with Equation (1):

tovpr1 (Ms) = 0.34 x Cpypr1 (NF) 1)

Where tpvor: is the SS time for Vg; to rise from
0V to Vina (12V), and Cpvori is the external
capacitor connected to DVDT1.

tovoT2 can be calculated with Equation (2):

tovpre (Ms) =0.28 x Cpyprz (NF)  (2)

Where tovpr2 is the SS time of Vg rising from 0V
to Vinz (5V), and Cpvor2 is the external capacitor
connected to DVDT?2.

Both e-fuses can support pre-biased start-up as
long as Vinx exceeds its under-volage lockout
(UVLO) threshold (Viniuvio and Vinz uwvio,
respectively) (see Figure 5).

ffffff Biased Vgy
Vine UVLO

DVDTx /

Figure 5: E-Fuses Turn On with Biased Vsx

E-Fuses’ Current Limits

In steady state, the input currents flowing
through e-fuse 1 (In1) and e-fuse 2 (In2) are
limited based on the current limit settings in
register 3Bh, bits[4:0] and register 3Ch, bits [4:0],
respectively. The current limits of e-fuse 1 (lmz1)
and e-fuse 2 (Ium2) are configurable between 1A
and 6A.

High-side MOSFET (HS-FET) Drain of the
Power-Sharing Converter (CT1)

The CT1 pin is the connection point between the
power-sharing converter’s high-side MOSFET
(HS-FET) drain and VBL1. In boost-sharing mode,
CT1 can be connected to VB1 using an external
diode to achieve reverse-current blocking
between VB1 and CT1l. Connect a minimum
0.1uyF ceramic capacitor between CT1 and
power ground to achieve stable operation. In
buck-sharing mode, CT1 and VB1 can be
connected directly. The capacitor must have a
voltage rating equal to that of e-fuse 1’s output
capacitor.

MP5520 Rev. 1.0
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

Blocking FET Source of the 36V Charge and
Backup Converter (PLP) (CT2)

An internal blocking FET placed between the
HS-FET of the 36V charge and backup converter
(PLP) and the STRG pin limits the current during
the pre-charge stage. The CT2 pin is the
connection point between the blocking FET and
the HS-FET. Typically, a minimum 2.2uF
capacitor should be connected to CT2. The
capacitor’s voltage rating must be equal to that
of Cstre.

If the ENCH bit is set to 0, the blocking FET turns
off, and the PLP stops switching.

E-Fuses’ Enable (EN) Control

The EN pin works with the EN1 and EN2 bits to
enable the internal circuit of the e-fuses. The e-
fuses are enabled after the EN pin and the
corresponding ENXx bit goes high. In application,
the EN pin cannot be connected to a voltage
exceeding 6V.

When the EN pin is pulled low, both e-fuses are
forced off. At the same time, the buck release
circuit is initiated to support the downstream
load.

Mode Selection (EN2)

The EN2 pin selects PCle mode or SAS mode. If
EN2 is pulled high, the MP5520 is configured as
SAS mode, where the e-fuses turn on
simultaneously only if the VIN1 voltage (Vin1) and
VIN2 voltage (Vin2) exceed their UVLO
thresholds (Vin1_uvio and Vinz_uvio, respectively).
In SAS mode, boost charge starts after the e-
fuses turn on, DET1 and DET2 exceed the PFI
low threshold and FBR exceeds the FBR
charging threshold.

If EN2 is pulled low, MP5520 is configured as
PCle mode, where the e-fuses can be turned on
separately. If Vini exceeds Vini uvio, e-fuse 1
turns on. Boost charge starts if e-fuse 1 is on,
DET1 exceeds the PFI low threshold, and FBR
exceeds the FBR charging threshold. Only DET1
controls the power backup.

In real applications, EN2 can be connected to
VCC or power ground directly without requiring a

resistor. Table

1 shows

the detailed

configurations for PCle mode and SAS mode.
Table 1: PCle Mode and SAS Mode

Configurations

ltems PCle Mode SAS Mode
E-fuse 2 Disable Enable
Both e-fuses
E-fuse 1 turns turn on only if
on only if Vi Vint > ViN1_uvio
E-FUSE and Vin2 >
ON CTR_L > VINl.—UVLO and ViN2_uvLo,
EN IS pulled respectively,
high X
and EN is
pulled high
When either
Only DETL | et o DET2
DET mode controls the is triggered
power backup release occurs
Only regarding | Regarding both
ENDCDC Va1 Ve1 and Vg2
Power-sharing .
converter Disabled Dei'ggg by
enable
Power-sharing Power-sharing
converter Standby mode mode
mode

Enable Control of the 36V Charge and
Backup Converter (PLP) (ENCH)

If the ENCH bit is set to 1, the PLP is enabled.
When FBR and DET exceed the FBR charging
threshold and the PFlI low threshold,
respectively, the MP5520 begins to charge up
the storage voltage (Vstre). When the ENCH bit
it is set to 0, the boost charge is terminated.

The ENCH bit also controls the device’'s buck
release. If the ENCH bit is set to 0 and input
power loss occurs, the buck release circuit does
not become activated to support the downstream
DC/DC.

MP5520 Rev. 1.0
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mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

Fast Discharge of the Storage Capacitor

The MP5520 can initiate fast discharge when the
following conditions are met:

1. The STRG_DISCHRG_EN bit is set to 1 in
register 09h (RLS_CTRL2).

2. The DISCHRG_PATH_ISO bit is set to 0 in
register 07h (CHRG_CTRL2).

3. The ENCH_DISCHRG bit is set 1 in register
41h (SYS_CTRL2).

If Vstrg €Xxceeds 2.9V.

The ENCH bit is set to 0 in register 06h
(CHRG_CTRL1).

If the above conditions are not met, Cstrc fast
discharge is terminated.

Once all the conditions are met, a 160mA current
source is activated and the RT FET turns on to
quickly discharge Vstre. Figure 6 shows the
Cstre fast discharge logic.

Vin1

ENCH

VstrRG

ottty ts  tg

Figure 6: Cstre Fast Discharge Logic

The Cstre fast discharge logic occurs in the
following sequence:

e At ty, the PLP is enabled, and the IC enters
pre-charge after a charge delay if the ENCH
bit is set to 1.

o Atty, Viniis lost during the pre-charge stage,
where Vstre is 10V. There is no PLP buck
release, and Vstre is not discharged at this
point.

e Between t; and t3, there is no voltage on
VIN1 or VB1, so Vcc is not present. The
MP5520’s 12C interface resets, and the
ENCH bit is set to 0.

At ts3, Vin1 returns and e-fuse 1 turns on, resulting
in V1 rising up to 12V. There is no PLP charge
because the ENCH bit is set to O.

At ta, if the host sends an ENCH = 1 command,
the PLP is enabled. The MP5520 begins to
charge Vstre to the target value once FBR
exceeds the FBR charging threshold, and DET
exceeds the PFI low threshold.

Between t4 and ts, the host sends the following
commands: STRG_DISCHRG_EN and
ENCH_DISCHRG = 1, and
DISCHRG_PATH_ISO =0.

At ts, if the host sends an ENCH = 0 command,
Cstre fast discharge begins.

Between ts and ts, Cstre fast discharge will exit if
any of the required conditions are not met.

At ts, Cstre fast discharge stops once Vsrtre
drops below 2.9V.

At t7, the PLP is enabled again after the ENCH
bit is set to 1.

At tg, the host sends an ENCH = 0 command
when Vsrgre is still being charged and is below
the target value. Cstre fast discharge begins at
this point as well.

At to, if the host sends an ENCH = 1 command
when Vstre exceeds 2.9V, PLP boost charge is
enabled to charge Cstre immediately.

STRG Capacitor Resistor Discharge

The tantalum capacitor leakage test will be
implemented only once in the SSD life cycle, and
is not used otherwise during normal operation. If
no password is typed, the MP5520 ensures that
RT FET is on when the ENCH bit is set to O
during normal operation.

The MP5520 can only initiate resistor discharge
on Cstre When the following conditions are met:

1. The STRG_DISCHRG_EN bit is set to 0 in
the RLS_CTRL2 register.

2. The DISCHRG_PATH_ISO bhit is setto 1 in
the CHRG_CTRL2 register.

3. The ENCH_DISCHRG bit is set to 1 in the
SYS_CTRL2 register.

MP5520 Rev. 1.0
1/2/2024
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4. The ENCH bit is set to 0 in the
CHRG_CTRL1 register.

Figure 7 shows the Cstre resistor discharge
path.

Csmﬂ_ Ll l iz LS - ke

ESR R_LEAK R_FBS RT_DIS

I L I

Figure 7: Cstrc Resistor Discharge Path

Once the required conditions are met, Csrre
resistor discharge is activated for the tantalum
leakage test. After the tantalum leakage test is
complete, the DISCHRG_PATH_ISO bit in the
CHRG_CTRL2 register and the IC power must
be reset before setting the ENCH bit to 1. Figure

8 shows the Csrre resistor discharge logic.
| |

|

| Il

ENCH_DISCHRG in | |
[

|

register 41h, bit[2]

STRG_DISCHRG_EN

|
Il
|
|
|
|
in register 09h, bit[3] |
t

DISCHRG_PATH_ISO in

|
Il
|
|
|
|
|
|
register 07h, bit[4] :

ENCH

Vstre

29V | ——————

|
|
|
|
|
|
|
|
|
|
|
|
1
1
|

t tz ta tg

Figure 8: Cstre Resistor Discharge Logic

Enable (EN) Control for Downstream DC/DC
Converter (ENDCDC)

Figure 9 shows the waveforms of the ENDCDC
logic.

VB1

| S
VB2 \__

ENDCDC _|

E-fuses’ soft PLP buck
start finishes release finishes

Figure 9: ENDCDC Logic

Power Disable (P1P2 and P3)

The P1P2 and P3 pins are used for power
disable as well as the e-fuses’ on/off control.
There is an internal 500kQ pull-down resistor.
P1P2 and P3 have a 1ms deglitch time. Table 2
shows the P1P2 and P3 logic.

Table 2: P1P2 and P3 Logic

P1P2 P3 Power Mode
L L E-fuses on
L H E-fuses off
H L E-fuses on
H H E-fuses on
I°C Address

The ADDR pin sets the MP5520’s I°C slave
address. Three logic states can be selected by
connecting ADDR to VCC (logic high), to ground
(logic low), or floating ADDR. Table 3 shows the
address setting.

Table 3: I°C Address Setting

The ENDCDC pin is configured to enable the : :

downstream DC/DC converter. If the EN2 pin is ADDR Logic Logic Floating
set to SAS mode (Vini = 12V and Vixz = 5V), then Status Low High

ENDCDC goes high after SS for the e-fuses 12C address 33h 35h 37h
completes. If the EN2 pin is set to PCle mode

(Vin1 = 12V only), then ENDCDC goes high after

e-fuse 1's SS completes. ENDCDC goes low

after PLP buck release finishes.
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VCC

The MP5520’s internal circuits are powered by
the VCC regulation voltage (Vcc), which is
supplied from an internal low-dropout (LDO)
generated by Vint, Vine, Vi, Ve2, Or Vstre,
depending on the operating conditions. Vcc is 5V
when V|N1, V|N2, VBl, or Vg> exceeds 5V.

If Vint, Ving, Va1, and Vg2 are all below 5V, and
the PLP is not releasing, Vcc is almost equal to
the maximum voltage of Vin1, Vi1, Vinz, and Ve..
If the PLP is releasing and Vstre €xceeds 4.6V,
then Vcc is 4.6V and is supplied by Vsrre.

Place a minimum 1pF decoupling capacitor on
VCC to support a sufficient level of energy.

Input Power Failure Detection (DET1 and
DET2) and Indication (PFI)

The DET1 and DET2 pins are connected to VN1
(or Ve1) and Vin2 (or Vay), respectively, to detect
an input power failure. DETx is triggered to
indicate power loss if the DETx voltage (Voerx)
drops below the 0.8V reference voltage
(Voer rer). DETX is released if Vperx exceeds
102% of Vper_rer. Correspondingly, the PFI goes
low if DETx is released, and the PFI goes high if
DETx is triggered.

The PFI pin also indicates PLP buck release. If
the MP5520 is in buck release mode, PFI
remains high, regardless of whether DETX
exceeds the PFI low threshold.

The power loss thresholds for Vin1 (or Ve1) and
Vin2 (or Vez) are configured via the resistor
divider connected to DET1 and DET2,
respectively. The e-fuses turn off once the
corresponding DETx is triggered. The failure
criteria is selected by the EN2 pin’s logic level.

See the Application Information section on page
58 for more details on selecting the resistor
divider.

Interrupt Indicators (INT1 and INT2)

The INT1 and INT2 pins indicate issues defined
in register 37h (STATUS1) and register 38h
(STATUS2). If no issues are found, INT1 and
INT2 remain high. If any issues are found, INT1
or INT2 are pulled low, depending on the I°C
settings.

INT1 indicates the status bits in the STATUS1
register. Once any bit in the STATUSL1 register is
triggered and set to 1 (meaning an issue has

been found), and if the corresponding mask bit
in register 39h is set to 0 (not masked), then INT1
is pulled low. If the corresponding mask bit is set
to 1 (masked), INT1 is not pulled low to indicate
that the status bit is triggered.

INT2 indicates the status bits in the STATUS2
register. Once any bitin the STATUSZ2 register is
triggered and set to 1 (meaning an issue has
been found), and if the corresponding mask bit
in register 3Ah is set to 0 (not masked), then
INT2 is pulled low. If the corresponding mask bit
is set to 1 (masked), then INT2 is not pulled low
to indicate that the status bit is triggered.

The STATUS1 and STATUS?2 registers provide
a self-reset function after reading. For example,
after the STATUSL register is read by the I°C
master, all the bits in STATUS1 are cleared to 0,
and INT1 is pulled high again. After the
STATUS?2 register is read by the 1°C master, all
the bits in STATUSZ2 are cleared to 0, and INT2
is pulled high again. Figure 10 shows how INT1
and INT2 self-reset after reading.

Capacitor Test EN
T | VS_REFRESH_FEAK

VS_REFRESH_VALLEY

INT1

INT2

SoC read STATUS1:
Capacitor Test Enable: STATUSLI and INT1 self-
PLP starts to boost switch reset after read
immediately.

Capacitor Test Complete: SoC read STATUS2:
INT2 is pulled low STATUS2 and INT2 self-
Capacitor Failure Detected: reset after read

INT1 is pulled low

Figure 10: INT1 and INT2 Self-Reset Logic after
Read

Boost Charge Regulation (FBS)

When PLP operates in boost charge mode, the
resistor divider connected to the FBS pin
configures Vstre. The resistor divider sets the
peak and valley values of Vsrre during boost
refresh. If the FBS voltage (Vrss) is equal to the
reference voltage (Vrer) multiplied by the Vstre
refresh threshold, then the PLP stops switching,
and Vstre and Vess discharge slowly. If Vess
drops to Vrer, the PLP switches to boost charge

MP5520 Rev. 1.0
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Cstre. The Vsrre refresh threshold is configured
to 101%.

See the Application Information section on page
58 for more details on selecting the resistor
divider.

Storage Voltage Power Good (PG) Indicator
(PGS)

The PGS pin indicates the Vstre power good
(PG) threshold. PGS is pulled high if ENCH is
logic high, Vess exceeds the PGS rising
threshold, a Vstre Over-voltage (OV) condition
(where Vrss exceeds 115% of Vger) is not
triggered, and the blocking FET keeps turning
on.

If Vegs drops below the PGS falling threshold or
the blocking FET turns off, then PGS is pulled
low. The PGS thresholds are set via the
PGS_TH bits in the CHRG_CTRL2 register.

If a Vstre OV condition is triggered (where Vess
exceeds 115% of Vrer), or ENCH is setto O (PLP
stops switching), then PGS also goes low.

Buck Release Regulation (FBR)

The FBR pin determines the operation of the
PLP converter. If FBR exceeds the FBR
charging threshold and DETx exceeds the PFI
low threshold, then the converter enters boost
charge mode. When DETx drops below the PFI
high threshold and FBR drops below the FBR
release threshold, then the converter enters
buck release mode. In buck release mode, the
resistor divider connected to FBR configures the
regulation voltage.

See the Application Information section on page
58 for more details on selecting the resistor
divider.

VIN Deglitch and Recovery Control (QPOR)

The multiple-time programmable (MTP)-trimmed
bit (QPOR) in the RLS_CTRL1 register controls
the MP5520’s behavior when VIN recovers. If
QPOR is set to 0, the e-fuse turns on again once
VIN recovers, and the MP5520 enters boost
charge mode once FBR exceeds the FBR
charging threshold and DETx exceeds the PFI
low threshold.

If QPOR is set to 1, the e-fuse does not turn on
untii PLP buck release finishes. PLP buck
release finishes once Vsrre drops below the
threshold set in register 3Dh.

If QPOR is set to 1, the MP5520 resets all the
registers after PLP buck release finishes (see
Figure 11).

Vin |-|

Vstre

Release completes, ENCH is set to 0 by default.
registers reset Set ENCH to 1 to start PLP charge.

Figure 11: Reset Registers after PLP Release
Completes

Bidirectional Power-Sharing Converter

Regulation (FB1)

When the MP5520’s bidirectional power-sharing
converter operates in standalone buck mode and
starts up, the resistor divider connected to the
FB1 pin configures buck output voltage (Vsuck)
regulation. See the Application Information
section on page 58 for more details on selecting
the resistor divider.

If GO_BIT is set to 0 using register 10h, bit[7],
the FB1 reference cannot be changed via the
I°C. If GO_BIT is set to 1, the FB1 reference can
be changed by configuring the
BUCK _VOUT_REF bits (via register 10h,
bits[6:0]).

If FB1 is connected to VCC, the bidirectional
power-sharing converter can switch and operate
in power-sharing mode but not standalone
mode.

System Start-Up

When the input power is on, VCC and the I°C
interface are enabled. The e-fuse MOSFETSs
from Vinx to Vex turns on when the following
conditions are met:

1. Vin exceeds its UVLO threshold.

2. The EN pin voltage (Ven) is logic high, and
the EN bit is set 1.

3. The difference between Vinx and Vex exceeds
the threshold (100mV by default).

MP5520 Rev. 1.0
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Afterwards, the Vgx capacitors are charged up
from OV to Vinx, and the slew rate is controlled by
Covorx.

Set ENCH to 1 to enable Cstre charging. The
boost charging circuit begins to work after FBR
exceeds the FBR charging threshold, DETX
exceeds the PFI low threshold, and both e-fuses’
SS are complete.

There is an I°C-configurable charge delay time
after DVDTx completes. This ensures that the e-
fuse is fully turned on before starting to charge
Cstre. The charge delay is set via the
CHRG_DLY bits in the CHRG_CTRL2 register.

The charging circuit begins to charge Vsrre With
a pre-charge current. Once Vstre rises close to
Vex, the charging circuit starts to switch and
operate in boost charge mode, then charges
Vstre Up to the target voltage. The boost
converter's average input current is controlled
during boost charge mode.

Figure 12 shows the typical waveforms of start-
up sequence.

V
UVLO2 7‘ IN2
/ Va2
ENCH
VSTRG
<_>. Boost Charge Mode
Charge Delay Time Pre-Charge _

Figure 12: System Start-Up Sequence

Boost Charge Mode

After start-up, the PLP converter operates as a
boost converter and charges up Vstre to the set
value. After Vstre reaches the regulation value
set by the FBS resistors, the MP5520 operates
in burst mode to minimize the converter’s power
loss. This is also known as boost refresh. During
boost refresh, when Vsrre is charged up and
Vess reaches the boost refresh threshold, the
boost converter stops switching and the Vstre
slowly releases. When Vstre drops below the

regulation value, boost charge burst mode
initiates and charges Cstre. Figure 13 shows the

waveforms during boost refresh.
/\f /\VSTRG
FBS

Vstre Refresh Threshold

)

Vrer

M M swe

Figure 13: Boost Refresh

In boost charge mode, the boost converter’s
average input current is controlled. The average
current can be configured via the 12C.

Buck Release Mode

If a power failure occurs, the MP5520 enters
buck release mode to support the system power
with the storage energy.

Power failure is determined by DET
configurations. Once the MP5520 detects a
power failure, the corresponding e-fuse turns off,
and the PLP converter changes from boost
charge mode to buck release mode to support
the load with VSTRG-

Constant-on-time (COT) control is used in buck
release mode. The switching frequency (fsw) can
be configured via the FSW_RLS bits in the
RLS_CTRL1 register.

When the input power recovers, the MP5520’s
exit from buck release mode depends on the
QPOR bit in the RLS_CTRL1 register. If QPOR
is set to 0, buck release stops and the e-fuse
turns on once VIN recovers. If QPOR is set to 1,
buck release continues and the e-fuse cannot
turn back on until either Vstre is discharged
below RLS UVLO, or the IC resets.

If buck release completes and VIN is not
recovered yet, then the e-fuse remains off, and
VBx is discharged using an internal discharge
circuit. This discharge circuit is activated as long
as Vcc exceeds its UVLO threshold (Vec_uvio)-

MP5520 Rev. 1.0

MonolithicPower.com 26

1/2/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



mps MP5520 — POWER LOSS PMIC WITH DUAL E-FUSES AND POWER SHARING

Bidirectional Converter

Operation

The bidirectional power-sharing converter can
be configured to work in standalone mode or
power-sharing mode. COT control is used, and
fsw is configurable via the FSW_BUCK bits in
BUCK_CTRL1.

In buck standalone mode, Vsuck is regulated by
FB1. The converter starts to switch when Vg is
established by e-fuse 1.

Power-Sharing

In buck power-sharing mode, the power-sharing
converter shares the load current with e-fuse 2
and regulates e-fuse 2’s current. E-fuse 2’s
current is clamped once it reaches the current
threshold (configurable via the I°C). The power-
sharing converter then begins to provide the
additional current to the load.

Figure 14 shows the detailed behavior in buck
power-sharing mode.

Ve (12V)
Va2 (5V)
/ " E-Fuse 2 (5V) Load Current
IL\MZ
/ Current-Sharing Threshold
/ E-Fuse 2 (5V) Current
/ Iz or Power-Sharing Iym
/ E-Fuse 1 (12V) Current

Figure 14: Buck Power-Sharing Mode

In boost power-sharing mode, the power-sharing
converter shares the load current with e-fuse 1
and regulates e-fuse 1's current. E-fuse 1's
current is clamped once it reaches the current
threshold (configurable via the 12C, with 31% x
ILim1 or 62% X Iumi). The power-sharing converter
then starts to provide additional current to the
load.

Figure 15 shows the detailed behavior in boost
power-sharing mode.

Va1 (12V)
Va2 (5V)
s E-Fuse 1 (12V) Load Current
e
- IL|M1
/// Current-Sharing Threshold
=
//
= E-Fuse 1 (12V) Current
- Iumz or Power-Sharing lm
7 E-Fuse 2 (5V) Current

Figure 15: Boost Power-Sharing Mode

Forced Capacitor Health Test

The internal discharge FET’s drain is connected
to the RT pin. After the discharge FET turns on,
Vstre IS discharged via the external resistor and
discharge FET until Vegs drops to Vger. Since the
discharge current is determined by the external
resistor, the proper resistor size must be
selected to sufficiently handle the power
dissipation.

Once discharge begins, the discharge timer
starts to count using the least significant bit
(LSB) step configured via the
LSB_DISCHRG_TIMER bit. If Vstre drops to the
regulated voltage, the discharge time counter
stops and Vsrtre is measured and stored in the
VSTRG2 register. The discharge timer's
counting number is stored in the CAP_TIMER
register. Figure 16 shows the capacitor test
procedure.

CAP_TEST_EN

Vstre
Vstre Refresh Threshold

FBS

VRrer

Il e
Vstre1 Vstre2 — ADC
-I Conversion
TimerStarts . . .
A Discharge Time _A_ Timer Stops

Figure 16: Capacitor Test Procedure
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To check the forced capacitor test results, if the
CAP_TIMER value is below CAP_FAIL TH,
then the MP5520 considers Cstre to be
insufficient and sets the CAP_ ERR bit in the
STATUSLI register to 1. The error bit is not reset
until it is written to 1, or the STATUSLI register is
read by the I°C master.

The voltages at the forced capacitor test’s start
and end points (Vstre1 and Vstrez, respectively)
are stored in their corresponding registers and
are converted from the ADC to real voltages.

Vstre1 €an be calculated with Equation (3):

Verrer = (l+ RFBSl}X VsTRGLADc x0.09375+795.3125 (3)

R 1000

FBS2

Where Regs: is the high-side resistor connected
to FBS, and Rrssz is the low-side resistor
connected to FBS.

Vstre2 Can be calculated with Equation (4):

1+ Ress: y Vstrea_aoc X0.09375+795.3125 (4)
R 1000

V,

STRG2 —

FBS2

Cstre from the forced capacitor test can be
calculated with Equation (5):

V, +V,

STRG1 STRG2 tDISCHG (5)

Corre = +lie_cstra (%
2x [RDIS //(RFle +Regss ):I - Vsrrer — Vstre2

Where Rpis is the discharge resistor connected
between the STRG and RT pins in parallel with
the FBS voltage divider, and likc cstre is the
STRG pin leakage current.

The discharge time (tmisch) can be calculated
with Equation (6):

t,ecs = CAP_TIMER _FORCEDxLSB_DISCHRG_ TIMER (6)

The FBS voltage divider can be disregarded
when the RT resistance is significantly smaller
than the FBS voltage divider value.

Register 54h and register 55h can also be used
to store Vstre1 and Vstre2 Sensing during the first
forced capacitor health test. Vstre1 and Vstre2
can continue to be used as references to
calculate Csre.

The initial Vstre in register 33h is automatically
loaded to register 54h after the first forced
capacitor health test or once the rising edge of
VS LOADING_EN in register 07h, bit[5] is
detected.

The final Vstre in register 34h is automatically
loaded to register 55h after the first forced
capacitor health test or once the rising edge of
VS_LOADING_EN in register 07h, bit[5] is
detected.

CAPTEST_DONE in the STATUS2 register
indicates the end of the capacitor health test.
The status is reported to the system via INT2,
which can be enabled by the corresponding
mask registers. VS_LOADING_EN’s rising edge
must occur after CAPTEST_DONE to obtain the
correct value from register 33h and register 34h.

CsTrG can be calculated with the voltages in
register 54h and register 55h, as well as the
timer in register 35h. The data in register 54h
and register 55h can be reloaded until the next
rising edge of VS_LOADING_EN in register 07h,
bit[5]. This sensing method improves the noise
immunity of capacitor health test ADC. Figure 17
shows the Vstre Sensing logic.

CAP_TEST_EN

Vstre

VS Refresh Threshold

Register 33h 00000000 VSTRG1_1 ISTRG1_2 VSTRG1_3 ISTRG1_4 |

Register 34h 00000000 VSTRG2_1 VSTRG2_2 VSTRG2_3 VSTRG2_4 |

Register 54h VSTRG1_1 VSTRG1_3 |

VS_LOADING_EN

Register 55h 00000000 VSTRG2_1 VSTRG2_3 |

Vstae s loaded automatically after Vsing is loaded after
the first forced capacitor test VS_LOADING_EN's fising

edge is detected

First Start-Up

Figure 17: Vstre Sensing Logic
Deep Capacitor Health Test

A deep capacitor health test provides another
method to monitor the Cstre health with fixed
delta discharged Vstrg (8V or 12V). The delta
Vstre during deep capacitor test mode must be
selected using the DV_DEEP bit in the
CAP_TEST_CTRL register. The deep capacitor
health test is selected by setting the
CAP_TEST_MODE bit and DEEP_EN bitto 1 in
the CAP_TEST_CTRL register. This test can
only cover Vstre between 14V and 30V.

MP5520 Rev. 1.0
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Similar to the forced capacitor health test, the
deep capacitor health test behaves as a one-
time test and both of them control the discharge
current via an external resistor between the RT
and STRG pins.

When deep discharge starts, the discharge timer
starts to count with the LSB step set by the
LSB DISCHRG_TIMER bit, and Vstre is sensed
and saved into the
DEEP_CAP_TEST_START_ADC register.
Once Vsrre drops to the regulated voltage, the
discharge time counter stops. The discharge
timer's counting number is stored in the
CAP_TIMER_DEERP register.

The voltage at the capacitor test’s starting point
(Vstre1_DEEP) is stored in the
DEEP_CAP_TEST_START_ADC register. The
conversion from ADC to the real voltages can be
calculated with Equation (7):

VSTRGl_DEEP = VSTRG:L_DEEP_ADC x0.075+12.5 (7)

Where VsTRG1_DEEP_ADC is the ADC value

recorded in the

DEEP_CAP_TEST_START_ADC register.

Cstre from the deep capacitor test can be

calculated with Equation (8):
(8)

[Ross //(Reas; +Reosy ) |
Vermes_oeer * [ Rois  (Reass + Reesz) ¥ huce_csmae

— Voeira_oeer ) + [Rms " (RFle +Regsp ):I %o _cstre

Corre =

In

(VSTR617 DEEP

toisch can be calculated with Equation (9):

t. 0y = CAP_TIMER _DEEPxLSB_DISCHRG_ TIMER (9)

Output Over-Voltage (OV) Clamping

The clamping values of e-fuse 1 and e-fuse 2’s
output voltages (VCLAMpl and VCLAmpz) are
typically 13.7V and 6V, respectively.

The clamping trigger thresholds slightly exceeds
the clamping voltages (14.3V and 6.3V,
respectively). Once Vax exceeds the trigger
threshold, the clamping circuit starts to work and
pulls Vex to the clamping voltage. It generally
takes a few microseconds to start clamping. The
clamping circuit releases when Vnyx drops below
the Vgy clamping voltage. Figure 18 shows the
voltage clamping procedure.

Trigger Threshold
9
Clamping Voltage ‘o \
/ Vex \

4> «
Response Time

Figure 18: Output Clamping Response

Reverse-Current Blocking

Both e-fuses feature reverse-current blocking. If
the reverse current flowing from Vg t0 Viny iS
triggered, the corresponding switch turns off to
prevent reverse current flow. The e-fuses’
reverse blocking function can be disabled via the
RVS_BLK_EN1 and RVS_BLK_ENZ2 bits in the
E-FUSE_CTRL4 and E-FUSE_CTRLS5 registers,
respectively.

Storage Over-Voltage Protection (OVP)

If Vegs exceeds 115% of Vrer, the bidirectional
converter's HS-FET and low-side MOSFET (LS-
FET) are forced to turn off, and the boost charge
process is terminated. This process avoids
further charging the storage components, and
protects the components and device from
potential OV conditions. If Vstre 0Over-voltage
protection (OVP) occurs, then PGS goes low.

Vstre OVP can be enabled or disabled via the
OVP_VS _EN bit in the CHRG_CTRL2 register.

MP5520 Rev. 1.0
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Over-Current Protection (OCP) of Buck
Release Mode and the Power-Sharing
Converter

When COT control is used with the buck
converter, the HS-FET’s on time is fixed. As long
as the current is limited the instant when the HS-
FET turns on, there is no current runaway. The
MP5520 implements the valley current limit for
the LS-FET during both PLP buck release mode
and buck power-sharing mode.

The LS-FET current is sensed during its on time.
The HS-FET cannot turn on in one cycle unless
the LS-FET current is below the valley current
limit. This mechanism is useful when the load
current increases due to a load change or
shorted output. It avoids current runaway and
protects the system from over-current (OC)
stress.

Figure 19 shows valley current limit protection.
The load current increases at t;. To support the
additional current, the inductor current (I.) ramps
up after a fixed on time, with a shorter HS-FET
off time. The HS-FET cannot turn on again until
the low-side (LS) current reaches the valley
current threshold.

Vallefy Current Threshold

gigligh

t t ts

Figure 19: Valley Current Limit Protection

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

The MP5520 integrates an 8-bit ADC to monitor
and report Vinx, linx, and Pinx of the e-fuses. Vinx
and Iinx are sensed and sent to the ADC with a
60k/s sampling rate. The maximum, minimum,
and average (across 1s) Iinx and Ving are stored
in the corresponding registers. Once the ADC is
enabled, all of the registers are automatically
refreshed. Table 4 shows the LSB of the 8-bit
ADC.

Table 4: 8-Bit ADC LSB

Parameter .
(wherex =1o0r2) LSB Unit
VN1 _LsB 75 mV
Vin2_LsB 25 mV
linx_LsB 0.0075 X lumx A
256 X Vinx_ss (V) X
Pinx_LsB s (A) W

Ilumi and lumz change with the 12C ILIM settings
via the ILIM1 bit in register 3Bh and the ILIM2 bit
in register 3Ch, respectively.

E-fuse 1’s input power (Pn1) can be calculated
with Equation (10):

Pint = Pint_apc X Pint_LsB
= Vin1_apc X ViN1_tss X lin1_apc X lin1_Lse X 256 (10)

E-fuse 2’s input power (Pin2) can be calculated
with Equation (11):

Pin2 = Pin2_apc X Pin2 LsB
= Vinz_apc X Vinz_LsB X lin2_apc X Iin2_Lse X 256 (11)

Monitor Ratio Registers

To provide more flexibility for adjusting the
current LSB, the MP5520 provides the
IIN_5V_MON_R register for the 5V e-fuse
current monitor ratio and the IIN_12V_MON_R
register for the 12V e-fuse current monitor ratio.

The default value of the IIN_5V_MON_R and
IIN_12V_MON_R registers is 40h. The LSB is
linearly proportional to the reciprocal values set
in IIN_5V_MON_R and IIN_12V_MON_R. For
example, if the IIN_5V_MON_R register is set to
80h, the 5V e-fuse current’'s ADC LSB is set to
be half of the default value; if the
IIN_5V_MON_R register is set to 20h, the 5V e-
fuse current’'s ADC LSB is set to be twice of the
default value.

The monitor ratio only changes the current and
power of the ADC LSBs. It does not change the
input current limit.

MP5520 Rev. 1.0
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Thermal Protection

The MP5520 monitors the die temperature. If the
die temperature exceeds the thermal warning
threshold (typically 120°C), the thermal warning
register is triggered to issue a warning to the
system. If the e-fuse or die temperature
increases up to 150°C, the MP5520 triggers
over-temperature protection (OTP), then both e-
fuses turn off to avoid operating at high
temperatures and  potentially damaging
components.
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I2C INTERFACE

I2C Serial Interface

The 12C is a two-wire, bidirectional, serial
interface that consists of a data line (SDA) and a
clock line (SCL). The lines are externally pulled
to a bus voltage (Vsus) when they are idle. A
master device connected to the line generates
the SCL signal and device address, then
arranges the communication sequence. The
MP5520 interface is an I1°C slave that supports
fast mode (400kHz) and high-speed mode
(3.4MHz). The 12C interface adds flexibility to the
power supply solution. The output voltage,
transition slew rate, and other parameters can be

2]

o

>
----i-]

[N S S g |

~

SCL

-
)

bummd
Start
Command

controlled via the I2C interface. When the master
sends the address as an 8-bit value, the 7-bit
address should be followed by a direction bit to
indicate a read/write (R/W) operation, where 0
means write and 1 means read.

Start and Stop Commands

The start (S) and stop (P) commands are
signaled by the master device, indicating the
beginning and end of the I1°C transfer. In the start
condition, the SDA signal transitions from high to
low while the SCL remains high. In the stop
condition, the SDA signal transitions from low to
high while the SCL remains high (see Figure 20).

-y

"
1
1
L

Stop
Command

Address RW ACK Data

ACK Data

Figure 20: Start and Stop Conditions

The master then generates the SCL clocks and
transmits the device address and the R/W
direction bit on the SDA line.

Transfer Data

Data is transferred in 8-bit bytes by the SDA line.
Each data byte must be followed by an
acknowledge (ACK) bit.

I2C Update Sequence

The MP5520 requires a start command, valid I12C
address, register address byte, and data byte for

8 Bits

8 Bits
A A

a single data update. The device acknowledges
receiving each byte by pulling the SDA line low
during a single clock pulse’s high period. A valid
I12C address selects the MP5520, then the device
performs an update on the LSB byte’s falling
edge. Figure 21 shows an example of writing to
a single register. Figure 22 on page 33 shows an
example of writing to multiple registers, and
Figure 23 shows an example of reading a single
register.

8 Bits

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

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

A = Acknowledge (SDA = Low)

NA = Not Acknowledge (SDA = High)

S = Start Command Write (WR) =0

P = Stop Command Read (RD) =1

Figure 21: I°C Write Single Register Example
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8 Bits 8 Bits 8 Bits
A

A
s A N N 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|
y,

v
Multi-byte writes are executed from the current register location
(the read-only register is skipped)

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

|:| Slave to Master NA = Not Acknowledge (SDA = High) P = Stop Command Read (RD) =1

Figure 22: 12C Write Multiple Registers Example

8 Bits 8 Bits 8 Bits 8 Bits
A A
4 N N /4 N N
| S | Slave Address | WR | A | Register Address K | A | Sr | Slave Address | RD | A| Read Data K | NA | P |
N A J
Y Y
Specified register address to read Read register data from current register location
l:l Master to Slave A = Acknowledge (SDA = Low) S = Start Command Sr = Repeat Write (WR) =0
Start Command
|:| Slave to Master NA = Not Acknowledge (SDA = High) P = Stop Command Read (RD) =1

Figure 23: I°)C Read Single Register Example
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REGISTER DESCRIPTION ©

FUNCTIONAL MTP1 USER TRIM BITS

No. Name D7 | D6 D5 | D4 D3 D2 | D1 DO
1 | BEFUSE. UVLO1_RISING UVLO1_FALLING N/A
CTRL3 - -
E-FUSE_
2 CTRL2 UVLO2_RISING UVLO2_FALLING N/A
E-FUSE
E-FUSE_ ~ | BOOST_ VIN_RECOVER_
3 CTRLI N/A ON_LCTR SHARING N/A VIN_RECOVER_TH DLY
RVS
E-FUSE_ - RVS_
4 CTRLA I?EL'\Ifl_ EN1 OVP1 BLK_EN2 EN2 OVP2
VS_ DISCHRG
5 %"T'Féfl— N/A N/A LOADING_ _ N/A PGS_TH OVZT\IVS—
EN PATH_ISO
RLS_
6 CTRLL N/A ILIM_RLS N/A FSW_RLS DET_MODE
7 RLS_ MAX_RLS_TIMER_BCKP N/A
CTRL2 == -
CAP_TIM PWR
- VOUT_TRANS_ =
8 | ER_CTR SLEW RATE SHARE_ N/A
L - LIM
BUCK_ | BUCK_
9 CTRLL | MODE R | APC_EN SW_SLEW_RATE ILIM_PS FSW_PS
BUCK_
10 CTRL | GO_BIT BUCK_VOUT_REF
CAP
— CAP_ DV_ E-FUSE_ | ENCH_ | DEEP_ | TOGGLE_
1 TCETSRTE RAMP_BUCK TEST_EN DEEP RST DISCHRG EN EN
CAP_
12 | FAILTH CAP_FAIL_TH_FORCED
FORCED
INT MSK MSK MSK_ MSK
13 | \1ASK2 oTwW | MSK_OT | MSK_PFI PGS CADP(;EET_ N/A POR N/A
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REGISTER DESCRIPTION (continued) ©
FUNCTIONAL MTP2 USER TRIM BITS

No. Name b7 | D6 | D5 [ D4 | D3 | D2 D1 | DO
E-FUSE_
1 CTRLA N/A ON_DLY1
E-FUSE_
2 CTRLE N/A ON_DLY2
CHRG_
3 CTRLI N/A ENCH ICHRG PFI_FALL_DLY PLP_HS
CHRG_
4 CTRLS CHRG_DLY N/A
RLS_
5 CTRLL QPOR N/A
CAP_TIM
6 | ER_CTR LSB_DISCHRG_TIMER N/A
L
SYS_
7 CTRL N/A IPRECHRG N/A
PS_ PS_
8 CTRL1 EN N/A
MSK
9 INT_ MSK_ MSK_ MSK_ MSK_ MSK_ MSK_ N/A FORCED
MASK1 LIM1 LIM2 ovi ov2 uv2 uvl CAP ERR
10 ILIM1 N/A ILIM1
11 ILIM2 N/A ILIM2
RLS_
12 OVLO RLS_UVLO

Note:
9) See the Register Map section on page 36 for the descriptions and default values.
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REGISTER MAP

Add Name RIW D7 | D6 | D5 | D4 | D3 | p2 | b1 | DO
MTP
— (10)
00h CODE RO MTP_CODE
E-FUSE VIN_
01h - | RIW @D RV (12) VIN_RECOVER_TH RECOVER_
CTRL1
DLY
02h E(‘:FT%“T'_E— R/W @D | UVLO2_RISING UVLO2_FALLING RV (12)
03h E-FUSE_ | o an UVLO1_RISING UVLO1_FALLING RV (12)
CTRL3
RVS
04h E-FUSE_ | gy ap BLK_ EN1 OVP1 RV (12) ON_DLY1
CTRL4
EN1
RVS
05h E-FUSE_ | pjw ap BLK_ EN2 OVP2 RV (12) ON_DLY2
CTRL5
EN2
CHRG PLP
_ (11) (12) _
06h CTRLL RIW RV ENCH ICHRG PFI_FALL_DLY HS
CHRG VS_ DISCHRG_ OVP_
07h CTRLS R/W (D) CHRG_DLY LOADING_ PATH_ RV (12) PGS _TH VS_
EN ISO EN
RLS PWR_
08h — R/W 1 | QPOR ILIM_RLS SHARE_ FSW_RLS DET_MODE
CTRL1 LIM
RLS STRG_
09h — R/W (D) MAX_RLS_TIMER_BCKP DISCHRG_ RV (12)
CTRL2 EN
0Ah - RV @) RV @)
CAP_
OBh TIMER_ R/W (D LSB_DISCHRG_TIMER RV (12)
CTRL
0Ch - RV (12 RV @
0Dh - RV 12 RV 12
OEh | SYS_CTRL | R/wW @ RV (12 |_PRECHRG RV (12 A[E)E— RV (12
OFh | PS_CTRLL | RIW @) | PS EN | RV @2 SWF—{%EW— ILIM_PS FSW_PS
10h | PS_CTRL2 | R/W (D GB(I)T— BUCK_VOUT_REF
PS VOUT TRANS
(11) _ — — (12)
11h | PS_CTRL3 | R/W MODE SLEW RATE RV
12h lIN_SV_ R/W (D [IN_5V_MON_R
MON R _5V_ |
IIN_12V
_leV_ (11)
13h MON R RIW IIN_12V_MON_R
VINMIN
_ (10)
14h 5V 1S RO VINMIN_5V_1S
VINAVG
_ (10)
15h 5V 15 RO VINAVG_5V_1S
VINMAX
_ (10)
16h 5V 15 RO VINMAX_5V_1S
17h V'N5“<'/'N— RO (0 VINMIN_5V
18h V'NQAVAX— RO (0 VINMAX_5V
IINMIN
_ (10)
19h 5V 1S RO IINMIN_5V_1S
IINAVG
_ (10)
1Ah 5V 19 RO IINAVG_5V_1S
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REGISTER MAP (continued)

Add Name RIW D7 | D6 | D5 | D4 | D3 | D2 D1 DO
IINMAX
— (10)
1Bh 5V 1S RO IINMAX_5V_1S
1Ch | IINMIN 5V [ RO (@0 IINMIN_5V
1Dh | IINMAX 5V [ RO (0 IINMAX_5V
PINMIN
_ (10)
1Eh 5V 1S RO PINMIN_5V_1S
PINAVG
_ (10)
1Fh 5V 1S RO PINAVG_5V_1S
PINMAX
_ (10)
20h 5V 15 RO PINMAX_5V_1S
21h | PINMIN 5V | RO @@ PINMIN_5V
22h | PINMAX 5V | RO @9 PINMAX_5V
VINMIN
_ (10)
23h 1oV 1S RO VINMIN_12V_1S
VINAVG
_ (10)
24h 12V 18 RO VINAVG_12V_1S
VINMAX
— (10)
25h 12V 1S RO VINMAX_12V_1S
26h | VINMIN 12V | RO @@ VINMIN_12V
27h V'NMCX—lz RO (10) VINMAX_12V
IINMIN
_ (10)
28h 12V 15 RO IINMIN_12V_1S
IINAVG
_ (10)
29h 12V 18 RO IINAVG_12V_1S
IINMAX
— (10)
2Ah 12V 1S RO IINMAX_12V_1S
2Bh | IINMIN_12V | RO 10 [INMIN_12V
2Ch [ IINMAX_12V | RO @0 [INMAX_12V
PINMIN
_ (10)
2Dh 12V 1S RO PINMIN_12V_1S
PINAVG
_ (10)
2Eh 12V 19 RO PINAVG_12V_1S
PINMAX
_ (10)
2Fh 12V 1S RO PINMAX_12V_1S
30h | PINMIN_12V | RO @9 PINMIN_12V
31h P'NMCX—lz RO (0) PINMAX_12V
CAP
CAP_TEST — DV DEEP_ | TOGGLE
_ — (1) (12) (12) — (12) — _
32h CTRL R/W RV TEESI,\IT_ RV DEEP RV EN N
33h VSTRG1 RO 10) VSTRG1
34h VSTRG2 RO (10 VSTRG2
35h | CAP_TIMER | RO @9 CAP_TIMER_FORCED
36h CAP?EIA”'— RW (1) CAP_FAIL_TH_FORCED
37h | STATUS1 10 | LML [ ILIM2 oVv1 ov2 uv2 uv1i RV @ [ CAP_ERR
38h | STATUS?2 10 | OTW oT PFI PGS CAS’SEET— RV (@2) POR RV (12)
MSK_ | MSK_ | MSK_ | MsK MSK MSK MSK_
(11) — — — — — — (12)
3%h | INT_MASKL | RIW ILIM1 | ILIM2 ov1 ov2 UVLO2 uvior | RV CEgFl;—
MSK MSK MSK MSK MSK_ MSK
(11) — — — — (12) — (12)
3Ah | INT_MASK2 | RIW oOTW oT BFl PGS CADP(')I'EET_ RV POR RV
3Bh ILIM1 R/W D RV (2) ILIM1
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REGISTER MAP (continued)

Add Name RIW D7 | D6 | D5 D4 | D3 | D2 | b1 | Do
3Ch ILIM2 R/W @D RV (12 ILIM2
3Dh | RLS UVLO | R/W @D RLS_UVLO
CAP_
3Eh TIMER_ RO (0 CAP_TIMER_DEEP
DEEP
E-FUSE_ | SHARING E-FUSE ENCH
(1) (12) — - (12) - — (12)
41h | SYS_CTRL2 | RIW RV ON_CTRL MODE RV RST DISCHRG RV
DEEP_
CAP_TEST
— — (10)
53h START AD RO DEEP_CAP_TEST_START_ADC
C
VSTRG1
_ (10)
54h | STORED RO VSTRG1_STORED
VSTRG2
_ (10)
55h | STORED RO VSTRG2_STORED
Notes:

10) “RO’” refers to read only. This bit can be read but writes have no effect.

11) “R/W” refers to read/write. This bit can be read or written by the 1°C master.

12) “RV’” refers to reserved. This bit is reserved for future expansion and its value must not be modified.

13) “10” refers to writing 1 to reset. This bit can only be set (e.g. write 1) but not reset (e.g. write 0). Writing 0 has no effect.
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MTP_CODE (00h)

Format: Unsigned binary
The MTP_CODE command configures the unique code of the customer.

Bits

Access

Bit Name

Default

Description

74

RO

MTP_CODE

0000

Configures the MTP code.

E-FUSE_CTRL1 (01h)
Format: Unsigned binary
The E-FUSE_CTRL1 command sets the VIN recovery threshold as well as the delay time when VIN

recovers.

Bits

Access

Bit Name

Default

Description

3.2

R/W

VIN_RECOVER_TH

01

Sets the threshold to turn on the e-fuse when VIN recovers.
Once VIN recovers and the difference between the input
voltage (Vinx) and VB voltage (Vsx) exceeds the threshold, the
e-fuse turns on.

00: Vinx > Vex + 50mV

01: Vinx > Vex + 100mV
10: Vinx > Vex + 200mV
11: Vinx > Vex + 300mV

1:0

R/W

VIN_RECOVER_DLY

00

Sets the delay time to turn on the e-fuse when VIN recovers.
Once VIN recovers and the difference between Vinx and Vex
exceeds the threshold, the e-fuse turns on after the delay time.

00: 0.85ms
01: 2.7ms
10: 3.7ms
11: 4.7ms
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E-FUSE_CTRLZ2 (02h)
Format: Unsigned binary
The E-FUSE_CTRL2 command sets the VIN2 pin voltage (Vin2) rising and falling under-voltage lockout

(UVLO) thresholds.

Bits

Access

Bit Name

Default

Description

7:6

R/W

UVLO2_RISING

10

Sets the Vinz rising UVLO threshold (Vinz_uvLo_RISING).

00: 2.75V
01: 3.25V
10: 3.75V
11: 4.25V

5:4

R/W

UVLO2_FALLING

00

Sets the Vin2 UVLO falling threshold (Vinz2_uvio FALLING).

If UVLO2_RISING = 00, then UVLO2_FALLING is set to:

00: 2.6V
01: 2.5V
10: 2.4V
11: 2.3V

If UVLO2_RISING = 01, then UVLO2_FALLING is set to:

00: 3v
01: 2.85V
10: 2.7V
11: 2.55V

If UVLO2_RISING = 10, then UVLO2_FALLING is set to:

00: 3.4V
01: 3.15V
10: 2.95V
11: 2.8V

If UVLO2_RISING = 11, then UVLO2_FALLING is set to:

00: 3.75V
01: 3.45Vv
10: 3.2V
11: 3V
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E-FUSE_CTRL3 (03h)
Format: Unsigned binary
The E-FUSE_CTRL3 command sets the VIN1 pin voltage (Vin1) rising and falling UVLO thresholds.

Bits

Access

Bit Name

Default

Description

7:6

R/W

UVLO1_RISING

01

Sets the Vinz rising UVLO threshold (Vini_uvio_RISING).

00: 8.75V
01:9.25v
10: 9.75V
11: 10.25V

5:4

R/W

UVLO1_FALLING

01

Sets the VIn: falling UVLO threshold (Vini_uvio_FALLING).
If UVLO1_RISING = 00, then UVLO1_FALLING is set to:

00: 8.4V

01: 8.15V
10: 7.95V
11: 7.75V

If UVLO1_RISING = 01, then UVLO1_FALLING is set to:

00: 8.75V
01: 8.4V

10: 8.15V
11: 7.95V

If UVLO1_RISING = 10, then UVLO1_FALLING is set to:

00: 9.2V
01: 8.75V
10: 8.4V
11: 8.15V

If UVLO1_RISING = 11, then UVLO1_FALLING is set to:

00: 9.5V
01: 8.95V
10: 8.55V
11: 8.3V

E-FUSE_CTRLA4 (04h)
Format: Unsigned binary
The E-FUSE_CTRL4 command controls the functions described below, which are mainly for configuring

e-fuse 1.

Bits

Access

Bit Name

Default

Description

7

R/W

RVS_BLK_EN1

1

0: Disables the 12V e-fuse reverse blocking function
1: Enables the 12V e-fuse reverse blocking function

R/W

EN1

0: Turns off the 12V e-fuse
1: Turns on the 12V e-fuse

5:4

R/W

OVP1

10

Sets the 12V e-fuse’s clamped voltage when a Vin1 over-voltage
(OV) fault occurs.

00: 3.8V clamped voltage
01: 6V clamped voltage
10: 13.7V clamped voltage
11: N/A
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Sets the turn-on delay of the 12V e-fuse.

00: N/A
1:0 R/W ON_DLY1 01 01: 1ms

10: 4ms
11: 8ms

E-FUSE_CTRL5 (05h)
Format: Unsigned binary

The E-FUSE_CTRL5 command controls the functions described below, which are mainly for configuring
e-fuse 2.

Bits Access | Bit Name Default Description
0: Disables the 5V e-fuse reverse blocking function
! RIW RVS_BLK_EN2 L 1: Enables the 5V e-fuse reverse blocking function
0: Turns off the 5V e-fuse
6 RIW EN2 1 1: Turns on the 5V e-fuse
Sets the 5V e-fuse’s clamped voltage when a Vinz OV fault
occurs.
5:4 R/W OVP2 o1 00: 3.8V clamped voltage
01: 6V clamped voltage
10: N/A
11: N/A
Sets the turn-on delay of the 5V e-fuse.
00: N/A
1.0 R/W ON_DLY2 01 01: 1ms
10: 4ms
11: 8ms

CHRG_CTRL1 (06h)
Format: Unsigned binary

The CHRG_CTRL1 command sets the charge and backup converter’s (PLP) charge configuration,
including charge enable, average charge current, PFI falling delay time, and the high-side MOSFET (HS-
FET) logic in boost charge mode.

Bits Access | Bit Name Default Description

Enables the PLP converter.

6 R//W | ENCH 1 0: Disables charge
1: Enables charge

Sets the PLP input average current in boost charge mode.

000: 50mA

001: 100mA
010: 200mA
5:3 R/W ICHRG 011 011: 300mA
100: 400mA
101: 500mA
110: 600mMA
111: 700mA

00: 0.2ms
01: 1ms
10: 2ms
11: 8ms

2:1 R/W | PFI_FALL_DLY 00
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Sets the on/off control of the PLP’s boost charge HS-FET
channel.

0: Turns off the HS-FET channel
1: Turns on the HS-FET channel

0 R/W PLP_HS 1

CHRG_CTRL2 (07h)
Format: Unsigned binary

The CHRG_CTRL2 command sets the PLP charge configuration, including the charge delay time,
VS _LOADING_EN and DISCHRG_PATH_ISO for natural discharge, PGS rising threshold, and the
storage voltage (Vstre) over-voltage protection (OVP) function.

Bits Access | Bit Name Default Description

Sets the delay time before the PLP begins charging.

00: 0.1ms
7:6 R/W CHRG_DLY 01 01: 1ms

10: 5ms
11: 10ms

Loads the VSTRG1 and VSTRG2 data from registers 33h and
34h to registers 54h and 55h.

5 R/W VS_LOADING_EN 0 ] )
0: Loads Vstra only after the first forced capacitor health test
1: Loads Vstre after the rising edge of this bit is detected
Sets the impedance isolation for the tantalum leakage test only.
Reset this bit to O after the tantalum leakage test.

4 R/W DISCHRG_PATH_ISO 0

0: Activates the STRG-to-CT2 discharge path with impedance
1: No STRG-to-CT2 discharge path

If the FBS voltage (Vrss) exceeds the PGS_TH rising threshold,
then PGS goes high. If Vess falls below the PGS_TH falling
threshold, then PGS goes low.

2:1 RIW | PGS_TH 11 00: 92% x Vrer (rising), 88% x Vrer (falling)
01: 94% x Vrer (rising), 90% x Vrer (falling)
10: 96% x VRer (rising), 92% x Vrer (falling)
11: 98% x Vrer (rising), 94% x Vrer (falling)

0: Disables storage OVP

0 RIW OVP_VS_EN 0 1: Enables storage OVP

RLS_CTRL1 (08h)
Format: Unsigned binary

The RLS_CTRL1 command sets the PLP buck release configuration, including QPOR, the valley current
limit for the low-side MOSFET (LS-FET), power-sharing current threshold, switching frequency (fsw), and
trigger mode for PLP buck release.

Bits Access | Bit Name Default Description

0: The e-fuse turns back on once Vinx recovers
1: The e-fuse remains off until Vstre drops to its UVLO

threshold
7 R/W QPOR 1
Note: When QPOR = 1, if VIN recovers before buck release
completes, then the IC automatically resets the registers after
buck release completes.
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Sets the valley current limit for the LS-FET during PLP release.

00: 1A
6:5 R/W |L|M_RLS 11 01: 3A

10: 5A
11: 7A

Sets the input current threshold to trigger power sharing.
4 RIW | PWR_SHARE_LIM 1 0 I X 62%
1: lum x 31%

Sets fsw for the PLP buck release.

00: 500kHz
3.2 R/W FSW_RLS 01 01: 1MHz

10: 1.5MHz
11: 2MHz

Configures the trigger mode for the PLP release, based on the
DETX pins.

1:0 R/W DET MODE 00 00: When either of the DETx pins is triggered, release occurs
- 01: When both of the DETx pins are triggered, release occurs
10: Only DET1 controls power backup
11: Only DET2 controls power backup

RLS_CTRL2 (09h)
Format: Unsigned binary

The RLS_CTRL2 command sets the PLP buck release configuration, including the PLP release time
threshold and internal discharge current source.

Bits Access | Bit Name Default Description
Sets the user-configurable timer. When the PLP release time is
MAX RLS TIMER longer than this time, the POR bit in the STATUS?2 register is

0000 to 1111: 5ms per LSB, from Oms to 75ms

Enables the internal discharge current source.

3 RIW STRG_DISCHRG_EN 1 0: Disables STRG fast discharge
1: Enables STRG fast discharge

CAP_TIMER_CTRL (0Bh)
Format: Unsigned binary

The CAP_TIMER_CTRL command sets the least significant bit (LSB) step for both the forced capacitor
health test timer and deep capacitor health test timer.

Bits Access | Bit Name Default Description

Sets the LSB step of the capacitor test times (CAP_TIMER and
CAP_TIMER_DEEP).

000: 0.5ms
001: 2ms
LSB_DISCHRG _ 001 010: 4ms
TIMER 011: 8ms
100: 16ms
101: 32ms
110: 64ms
111: 128ms

75 R/W
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SYS_CTRL (OEh)
Format: Unsigned binary

The SYS_CTRL command sets the input constant current of the PLP converter in pre-charge mode. It
also controls the analog-to-digital converter (ADC) enable.

Bits Access | Bit Name Default | Description

Sets the input constant current of the PLP converter in pre-
charge mode.

5:4 RIW IPRECHRG 11 00: 50mA
01: 100mA

10: 150mA
11: 200mA

0: Disables ADC
1: Enables ADC

2 R/W ADC_EN 0

PS_CTRL1 (OFh)
Format: Unsigned binary

The PS_CTRL1 command sets the bidirectional power-sharing converter configuration, including PS_EN,
SW_SLEW_RATE, the peak or valley current limit, and fsw.

Bits Access | Bit Name Default Description

0: Disables the bidirectional power-sharing converter

! RIW PS_EN L 1: Enables the bidirectional power-sharing converter

Configures the bidirectional power-sharing converter's
switching slew rate. This bit can be configured after MTP1
configuration and resetting VCC.

5:4 R/W SW_SLEW_RATE 00 00: 1x

01: 2x
10: 3x
11: 4x

Selects the bidirectional power-sharing converter current limit.
In buck power-sharing mode, this is the valley current limit:

00: 1A
01: 3A
10: 5A
3.2 R/W ILIM_PS 11 11: 7A

In boost power-sharing mode, this is the peak current limit:

00: 1.5A
01: 3A
10: 4.5A
11: 6A

Selects the bidirectional power-sharing converter’s fsw.

00: 500kHz
1.0 R/W FSW_PS 01 01: 1MHz
10: 1.5MHz
11: 2MHz
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PS_CTRL2 (10h)
Format: Unsigned binary

The PS_CTRL2 command configures the bidirectional power-sharing converter when it works in
standalone mode as a buck converter.

Bits Access | Bit Name Default Description

Determines whether the bidirectional power-sharing converter’s
output voltage can be adjusted via the 1°C by configuring
7 R/W GO BIT 0 BUCK_VOUT_REF.

0: Disables voltage adjustment via the 1°C
1: Enables voltage adjustment via the 12C

Sets the bidirectional power-sharing converter’'s output voltage
0111011 | reference.

6:0 R/W BUCK_VOUT_REF = 600mV

0101000 to 1111111: 10mV per LSB, from 400mV to 1.27V

PS_CTRL3 (11h)
Format: Unsigned binary

The PS_CTRL3 command sets the bidirectional power-sharing converter mode as well as the transition
slew rate of the FB1 reference when the BUCK_VOUT_REF bits in the BUCK_CTRL2 register are
changed.

Bits Access | Bit Name Default Description

Selects the bidirectional power-sharing converter mode. In
standalone mode, the bidirectional power-sharing converter
regulates its output voltage using the FB1 pin.

In power-sharing mode, the bidirectional power-sharing
7 R/W PS_MODE 0 converter regulates its output current to support the additional
load current when the power-sharing current threshold is
triggered on the corresponding e-fuse.

0: Standalone mode
1: Power-sharing mode

Sets the transition slew rate of the FB1 reference when the
BUCK_VOUT_REF bits in the BUCK_CTRL2 register are
changed.

6:5 R/W VOUT_TRANS_SR 00 00: 10mV/us

01: 5mV/ps
10: ImV/ps
11: 0.5mV/us

IIN_5V_MON_R (12h)
Format: Unsigned binary
The [IN_5V_MON_R command adjusts the current LSB for the 5V e-fuse.

Bits Access | Bit Name Default Description
) 01000000 | Sets the 5V e-fuse power monitor ratio. This bit adjusts the input
70 RIW IN_SV_MON_R =40 current range that can be monitored using the ADC.
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[IN_12V_MON_R (13h)
Format: Unsigned binary
The IIN_12V_MON_R command adjusts the current LSB for the 12V e-fuse.

Bits Access | Bit Name Default Description
. 01000000 | Sets the 12V e-fuse power monitor ratio. This bit adjusts the
7.0 RIW IN_12V_MON_R =40 input current range that can be monitored using the ADC.

VINMIN_5V_1S (14h)
Format: Linear
The VINMIN_5V_1S command records the minimum input voltage of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO VINMIN_5V_1S 00000000 ?:cords the minimum input voltage of the 5V e-fuse in the last

VINAVG_5V_1S (15h)
Format: Linear
The VINAVG_5V_1S command records the average input voltage of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO VINAVG_5V_1S 00000000 ?Secords the average input voltage of the 5V e-fuse in the last

VINMAX_5V_1S (16h)
Format: Linear
The VINMAX_5V_1S command records the maximum input voltage of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO VINMAX_5V 1S 00000000 ?secords the maximum input voltage of the 5V e-fuse in the last

VINMIN_5V (17h)
Format: Linear
The VINMIN_5V command records the minimum input voltage of the 5V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO VINMIN_5V 00000000 Sscords the minimum input voltage of the 5V e-fuse after start-

VINMAX_5V (18h)
Format: Linear
The VINMAX 5V command records the maximum input voltage of the 5V e-fuse after start-up.

Bits Access | Bit Name Default Description
7.0 RO VINMAX_5V 00000000 Escords the maximum input voltage of the 5V e-fuse after start-
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[INMIN_5V_1S (19h)
Format: Linear
The IINMIN_5V_1S command records the minimum input current of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
70 RO IINMIN_5V_1S 00000000 ?:cords the minimum input current of the 5V e-fuse in the last

IINAVG_5V_1S (1Ah)
Format: Linear
The IINAVG_5V_1S command records the average input current of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO IINAVG_5V_1S 00000000 ?:cords the average input current of the 5V e-fuse in the last

IINMAX_5V_1S (1Bh)
Format: Linear
The IINMAX_5V_1S command records the maximum input current of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO IINMAX_5V_1s 00000000 ?Secords the maximum input current of the 5V e-fuse in the last

[INMIN_5V (1Ch)
Format: Linear
The IINMIN_5V command records the minimum input current of the 5V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO IINMIN_5V 00000000 lIjzlct)ecords the minimum input current of the 5V e-fuse after start-

IINMAX_5V (1Dh)
Format: Linear
The IINMAX_5V command records the maximum input current of the 5V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO IINMAX_5V 00000000 Sscords the maximum input current of the 5V e-fuse after start-

PINMIN_5V_1S (1Eh)
Format: Linear
The PINMIN_5V_1S command records the minimum input power of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7.0 RO PINMIN_5V_1s 00000000 izsecords the minimum input power of the 5V e-fuse in the last
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PINAVG_5V_1S (1Fh)
Format: Linear
The PINAVG_5V_1S command records the average input power of the 5V e-fuse in the last 1s.

Default
00000000

Bit Name
PINAVG_5V_1s

Bits Access
7:0 RO

Description

Records the average input power of the 5V e-fuse in the last 1s.

PINMAX_5V_1S (20h)
Format: Linear
The PINMAX_5V_1S command records the maximum input power of the 5V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO PINMAX_5V_1s 00000000 ?Secords the maximum input power of the 5V e-fuse in the last

PINMIN_5V (21h)
Format: Linear
The PINMIN_5V command records the minimum input power of the 5V e-fuse after start-up.

Bits

Access

Bit Name

Default

Description

7:0

RO

PINMIN_5V

00000000

Records the minimum input power of the 5V e-fuse after start-

up.

PINMAX_5V (22h)
Format: Linear
The PINMAX_5V command records the maximum input power of the 5V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO PINMAX_5V 00000000 Sscords the maximum input power of the 5V e-fuse after start-

VINMIN_12V_1S (23h)
Format: Linear
The VINMIN_12V 1S command records the minimum input voltage of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO VINMIN_12V_1s 00000000 izsecords the minimum input voltage of the 12V e-fuse in the last

VINAVG_12V_1S (24h)
Format: Linear
The VINAVG_12V_1S command records the average input voltage of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7.0 RO VINAVG_12V_1s 00000000 T:cords the average input voltage of the 12V e-fuse in the last
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VINMAX_12V_1S (25h)
Format: Linear
The VINMAX_12V_1S command records the maximum input voltage of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO VINMAX_12V_1s 00000000 ?:cords the maximum input voltage of the 12V e-fuse in the last

VINMIN_12V (26h)
Format: Linear
The VINMIN_12V command records the minimum input voltage of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO VINMIN_12V 00000000 Escords the minimum input voltage of the 12V e-fuse after start-

VINMAX_12V (27h)
Format: Linear
The VINMAX 12V command records the maximum input voltage of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO VINMAX_12V 00000000 SRtZif:LrJ(;s the maximum input voltage of the 12V e-fuse after

[INMIN_12V_1S (28h)
Format: Linear
The IINMIN_12V_1S command records the minimum input current of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO IINMIN_12V_1s 00000000 ?secords the minimum input current of the 12V e-fuse in the last

IINAVG_12V_1S (29h)
Format: Linear
The IINAVG_12V_1S command records the average input current of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO IINAVG_12V_1s 00000000 ?Secords the average input current of the 12V e-fuse in the last

IINMAX_12V_1S (2Ah)
Format: Linear
The IINMAX_12V_1S command records the maximum input current of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7.0 RO IINMAX_12V_1s 00000000 Tsecords the maximum input current of the 12V e-fuse in the last
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[INMIN_12V (2Bh)
Format: Linear

The IINMIN_12V command records the minimum input voltage of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description
7.0 RO IINMIN_ 12V 00000000 Sscords the minimum input voltage of the 12V e-fuse after start-

IINMAX_12V (2Ch)
Format: Linear
The IINMAX_12V command records the maximum input voltage of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description
7:0 RO IINMAX_12V 00000000 Et(;?&r;:)s the maximum input voltage of the 12V e-fuse after

PINMIN_12V_1S (2Dh)
Format: Linear
The PINMIN_12V_1S command records the minimum input power of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO PINMIN_12V_1s 00000000 T:cords the minimum input power of the 12V e-fuse in the last

PINAVG_12V_1S (2Eh)
Format: Linear
The PINAVG_12V_1S command records the average input power of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO PINAVG_12V_1s 00000000 ?secords the average input power of the 12V e-fuse in the last

PINMAX_12V_1S (2Fh)
Format: Linear
The PINMAX _12V_1S command records the maximum input power of the 12V e-fuse in the last 1s.

Bits Access | Bit Name Default Description
7:0 RO PINMAX_12V_1s 00000000 ?Secords the minimum input power of the 12V e-fuse in the last

PINMIN_12V (30h)
Format: Linear
The PINMIN_12V command records the minimum input power of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description
7.0 RO PINMIN_ 12V 00000000 Escords the minimum input power of the 12V e-fuse after start-
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PINMAX_12V (31h)
Format: Linear
The PINMAX_12V command records the maximum input power of the 12V e-fuse after start-up.

Bits Access | Bit Name Default Description

Records the maximum input power of the 12V e-fuse after start-

7:0 RO PINMAX_12V 00000000 up

CAP_TEST_CTRL (32h)
Format: Unsigned binary

The CAP_TEST_CTRL command sets the capacitor health test configuration, including CAP_TEST_EN,
deep capacitor health test delta voltage, DEEP_EN, and TOOGLE EN.

Bits Access | Bit Name Default Description

0: Disables capacitor test

6 RIW CAP_TEST_EN 0 1: Enables capacitor test

Sets the delta Vstrc in deep capacitor test mode.
4 R/W DV_DEEP 0 0: 12V

1: 8V

Enables deep capacitor test mode for the capacitor test.
1 R/W DEEP_EN 0 0: Disabled

1: Enabled

If this bit is enabled, INT1 goes low when discharging the
storage capacitor (Cstrs) and goes high when Cstre Stops

0 RW | TOGGLE EN 0 boost switching (see Figure 24).

0: Disables toggle; INT1 is not influenced by Vstre discharge
1: Enables toggle; INT1 is low if the PLP stops boost switching

Vstre Upper Threshoild

Vstre Lower Threshold

TOGGLE_EN

INT1 I_

Figure 24: TOGGLE_EN Control

VSTRGL1 (33h)
Format: Linear
The VSTRG1 command records the initial Vstre at the beginning of the forced capacitor health test.

Bits Access | Bit Name Default Description
7.0 RO VSTRG1 00000000 Records the initial Vstre at the beginning of the forced capacitor
health test.
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VSTRG2 (34h)
Format: Linear
The VSTRG2 command records the final Vstre at the end of the forced capacitor health test.

Bits Access | Bit Name Default Description
7:0 RO VSTRG?2 00000000 tI‘«(;ztt:ords the final Vstre at the end of the forced capacitor health

CAP_TIMER (35h)
Format: Linear
The CAP_TIMER command records the discharge time of the forced capacitor health test.

Bits Access | Bit Name Default Description

7:0 RO CAP_TIMER 00000000 | Records the discharge time of the forced capacitor health test.

CAP_FAIL_TH (36h)
Format: Linear
The CAP_FAIL_TH command sets the failure threshold for the forced capacitor health test.

Bits Access | Bit Name Default Description

Sets the failure threshold of the forced capacitor health test. If
7:0 R/W CAP_FAIL_TH 00000000 | CAP_TIMER is below CAP_FAIL_TH, the CAP_ERR bit in the
STATUSLI register is set to 1.

STATUSL1 (37h)
Format: Unsigned binary

The STATUS1 command reflects over-current (OC), over-voltage (OV), and under-voltage (UV)
conditions, as well as the capacitor health test error.

Bits Access | Bit Name Default Description
0: 12V e-fuse current limit is not triggered
! 10 LIM1 0 (INT1) 1: 12V e-fuse current limit is triggered
0: 5V e-fuse current limit is not triggered
6 10 LIM2 0 (INT1) 1: 5V e-fuse current limit is triggered
0: 12V e-fuse OV clamping is not triggered
5 10 oVl O (INT1) 1: 12V e-fuse OV clamping is triggered
0: 5V e-fuse OV clamping is not triggered
4 10 ov2 0 (INT1) 1: 5V e-fuse OV clamping is triggered
0: 5V e-fuse under-voltage (UV) does not occur
3 10 uv2 0 (INT1) 1: 5V e-fuse UV occurs
0: 12V e-fuse UV does not occur
2 10 Uvi 0 (INTL) 1: 12V e-fuse UV occurs
0 10 CAP_ERR 0 (INT1) 0 The capac!tor test does not detegt capacnor failure
1: The capacitor test detects capacitor failure
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STATUS?2 (38h)
Format: Unsigned binary

The STATUS2 command reflects over-temperature (OT) warning, OT fault, power failure indicator, STRG
power good (PG), capacitor health test completion, and PLP release time.

Bits Access | Bit Name Default Description

0: Die temperature < 120°C

! 10 oTW 0 (INT2) 1: Die temperature > 120°C
0: E-fuse or die temperature < 150°C

6 10 ot 0 (INT2) 1: E-fuse or die temperature > 150°C
0: PFl is low

5 10 PFI 0 (INT2) 1: PFI is high

4 10 PGS 0 (INT2) (;f Egg :2 I':)'gvh
0: The capacitor health test is not done

s 10 CAPTEST_DONE 0 (INT2) 1: The capacitor health test is done
0: The PLP release time is not longer than
MAX_RLS_TIMER_BCKP

1 10 POR 0 (INT2) 1 The PLP release time is longer than
MAX_RLS_TIMER_BCKP

MSK_INT1 (39h)
Format: Unsigned binary

The MSK_INT1 command masks or unmasks OC, OV, and UV conditions, as well as the capacitor health

test error reflected on INT1.

Bits Access | Bit Name Default Description
7 RW | MSK_LIM1 1 (1) ugg?e%sked
6 RW | MSK_LIM2 1 (1) '\N/If;ts?e%sked
0| o [wercon L8 e
4 RIW | MSK_OV2 1 (1) ugg?ezsked
3 RW | MSK_UV2 1 (1) '\N/If;ts?e%sked
R L8
0 RW | MSK_CAP_ERR 1 2 l’\\'/lc;tsflpeadsked
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MSK_INT2 (3Ah)

Format: Unsigned binary

The MSK_INT2 command masks or unmasks OT warning, OT fault, power failure indicator, STRG PG,
capacitor health test completion, and the PLP release time reflected on INT2.

Bits Access | Bit Name Default | Description
T R | Meeom |2 Mok
M R e L s
5 RW | MSK_PFI 1 (1) '\Nﬂgg ?e?ked
P | RW | MeePes |2 Mok
@ | AW IEoNE LD Masked
1 RW | MSK_POR 1 (1) '\Nﬂgg Ee?ked
ILIM1 (3Bh)

Format: Linear
The ILIM1 command sets the current limit of the 12V e-fuse.

Bits

Access

Bit Name

Default

Description

4:0

R/W

ILIM1

01011 =
2A

Sets the current limit of the 12V e-fuse.

00001: 1A

00010: 1.1A
00011: 1.2A
00100: 1.3A
00101: 1.4A
00110: 1.5A
00111: 1.6A
01000: 1.7A
01001: 1.8A
01010: 1.9A
01011: 2A

01100: 2.2A
01101: 2.4A

11111: 6A
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ILIM2 (3Ch)
Format: Linear
The ILIM2 command sets the current limit of the 5V e-fuse.

Bits

Access

Bit Name

Default

Description

4.0

R/W

ILIM2

01011 =
2A

Sets the current limit of the 5V e-fuse.

00001: 1A

00010: 1.1A
00011:1.2A
00100: 1.3A
00101: 1.4A
00110: 1.5A
00111: 1.6A
01000: 1.7A
01001: 1.8A
01010: 1.9A
01011: 2A

01100: 2.2A
01101: 2.4A

11111: 6A

RLS_UVLO (3Dh)

Format: Linear
The RLS_UVLO command sets the Vstrg UVLO falling threshold to stop the PLP buck release.

Bits Access | Bit Name Default Description
Sets the Vstre UVLO falling threshold. If VsTre is below this
threshold, then buck release stops.

7:0 R/W RLS_UVLO 00110111

00110111: 2.640V (min)
11111010: 12.000V (max)
Step: 0.048V

CAP_TIMER_DEEP (3Eh)
Format: Linear
The CAP_TIMER_DEEP command records the discharge time of the deep capacitor health test.

Bits Access | Bit Name Default Description
7:0 RO géEI;TlMER— 00000000 | Records the discharge time of the deep capacitor health test.
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SYS_CTRL2 (41h)
Format: Unsigned binary

The SYS_CTRL2 command sets the e-fuses’ turn-on selection, bidirectional power-sharing converter
mode, and E-FUSE_RST and ENCH_DISCHRG configuration.

Bits Access | Bit Name Default Description

0: 12V and 5V e-fuse turn on separately
6 R/W E-FUSE_ON_CTRL 1 1: 12V and 5V e-fuse turn on only if Vina > Vini_uvioz and - Vinez
> VIN2_uvLo2

0: Bidirectional power-sharing converter operates in buck mode
(either standalone or current-sharing mode)

1: Bidirectional power-sharing converter operates in boost
mode (only current-sharing mode)

5 R/W SHARING_MODE 0

0: When QPOR = 1, the e-fuse turns on automatically if Vstre
is discharged to UVLO and VIN recovers

3 R/W E-FUSE_RST 1 1: When QPOR =1, even if Vstre is discharged to UVLO and
VIN recovers, the e-fuse does not turn on until the EN1 bit is
toggled, the EN2 bit is toggled, or the EN pin is toggled

0: The RT FET turns on when the forced capacitor test (which
requires a password to turn off the RT FET before checking the
2 R/W ENCH_DISCHRG 0 tantalum leakage resistance

1: The RT FET turns on when the forced capacitor test or ENCH
issetto 0

DEEP_CAP_TEST _START_ADC (53h)
Format: Linear

The DEEP_CAP_TEST_START_ADC command records the initial Vstre at the beginning of the deep
capacitor health test.

Bits Access | Bit Name Default Description
. DEEP_CAP_TEST _ Records the initial Vstre at the beginning of the deep capacitor
70 RO START_ADC 00000000 health test.

VSTRG1_STORED (54h)
Format: Linear

The VSTRG1_STORED command copies the data in register 33h after the first forced capacitor health
test or after detecting the rising edge of register 07h, bit[5].

Bits Access | Bit Name Default Description

Automatically loads the initial Vstre from register 33h to register
7:0 RO VSTRG1_STORED 00000000 | 54h after the first forced capacitor health test or after detecting
the rising edge of register 07h, bit[5].

VSTRG2_STORED (55h)
Format: Linear

The VSTRG2_STORED command copies the data in register 34h after the first forced capacitor health
test or after detecting the rising edge of register 07h, bit[5].

Bits Access | Bit Name Default Description

Automatically loads the final Vstre from register 34h to register
7:0 RO VSTRG2_STORED 00000000 | 55h after the first forced capacitor health test or after detecting
the rising edge of register 07h, bit[5].
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APPLICATION INFORMATION

Setting the Storage Voltage

Vstre IS set by the resistor divider connected to
the FBS pin (see Figure 25).

STRG .
o
FBS L
R6 TRY
RT

Figure 25: Storage Voltage Feedback Circuit

Vstre €an be calculated with Equation (12):

Vstre = (1+ E—Z) X VBs_REF (12)
Where Vegs _rer is typically 0.8V, and R5 and R6
are selected based on real application
requirements. A low leakage current is typically
expected with greater resistances for R5 and R6,
which is ideal in most designs.

Table 5 lists the recommended feedback
resistances for different Vstre values.

Table 5: FBS Resistances for Different Storage

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

Setting the Regulation Voltage in Buck
Release Mode

When the PLP operates in buck release mode,
the release voltage (Vsus_ rLs) is regulated by the
resistor divider connected to the FBR pin (see
Figure 26).

BSTZi}ili
c9

SW2 L L2

VBsus RrLs

R3

|

e

Figure 26: Release Feedback Circuit

FBR L

L]

Vsus_rLs €an be calculated with Equation (13):

R3
Veus ris = (1+ 27) X Vrer (13)

Where Vrer is typically 0.8V, and the sum of R3
and R4 is recommended to be between 10kQ
and 200kQ.

Setting the Regulation Voltage for the Power-
Sharing Converter in Standalone Buck Mode

When the power-sharing converter operates in
standalone buck mode, its output voltage (Vsuck)
is regulated by the resistor divider connected to
the FB1 pin (see Figure 27).

BST1

SWi1

FB1

Figure 27: Power-Sharing Converter Feedback
Circuit

Vsuck can be calculated with Equation (14):

R13
Veuck = (1+ z77) X Vre1_rer (14)

Where Veg1 rer is 0.6V by default, and its value
can be configured between 400mV and 1.27V
via the 12C. The sum of R13 and R14 is
recommended to be between 10kQ and 200kQ.

Setting the Threshold Voltage for Power
Failures

The Vg1 and Vg2 thresholds that trigger buck
release mode are set by the resistor dividers
connected to the DET1 and DET2 pins (see
Figure 28 on page 59).
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VB [t
R1L —— C2
DET1[
R2 _|

VB2 [}

DET2 [
R12 —

Figure 28: Power Failure Threshold Feedback
Circuit

The Vg1 threshold to trigger power failure
(Ve1_pr) can be calculated with Equation (15):

R1
Ve1_pr = (1+ 25) X VpgT1_REF (15)

Where Vper1_grer is typically 0.8V, and the sum of
R1 and R2 is recommended to be between 10kQ
and 200kQ.

The Vg, threshold to trigger power failure
(Ve2_pr1) can be calculated with Equation (16):

R11

Vez pri = (1+ =7) X Vperz rer (16)
Where Vper2 rer is typically 0.8V, and the sum of
R11 and R12 is recommended to be between
10kQ and 200kQ.

Setting the VBx Rising Time

Connect a capacitor to the DVDT1 and DVDT?2
pins to control the slew rate when Vg; or Vg rises
during start-up. To calculate the rising time
during SS, see Equation (1) and Equation (2) on
page 20. Table 6 lists the recommended
capacitance for e-fuse 1's SS time (tovori).

Table 6: Soft-Start Time for DVDT1 Capacitance

tovoT1 (MS) Covot1 (NF)
3.4 10

Table 7 lists the recommended capacitance for
e-fuse 2’s SS time (tbvorz).
Table 7: Soft-Start Time for DVDT2 Capacitance

tovpr2 (MS) Covot2 (NF)
2.8 10

Selecting the Storage Capacitor

Cstre Stores energy during normal operation and
releases this energy to VBx during input power
loss. General-purpose electrolytic capacitors or
low-profile POS capacitors are used for most
applications. The capacitor’s voltage rating is
recommended to exceed the target Vstre by
20%.

Consider the capacitance reduction with the DC
voltage offset. Different capacitors have different
capacitance derating performances. It is
recommended to choose a capacitor with a
sufficient voltage rating to guarantee the
capacitance.

The required capacitance depends on the length
of the dying gasp for a typical application. The
required Cstre Can be calculated with Equation
a7):

_ 2xVgys RLs X IrLs X tpasp
CSTRG - (VSTRG)2 - NBUSiRLS)Z x Eff (17)

Where Iris is the bus release current when Veus
is regulated at Vsus ris In buck release mode,
toase is the required dying gasp time, and Eff is
the energy release efficiency in buck release
mode.

Cstre should be selected considering the
efficiency in buck release mode. For example, if
lrLs is 3A, tbasp is 20ms, VsTrG is 28V, VBUS_RLS is
7.5V, and efficiency is 90%, then the required
Cstrae is 1374F.

Selecting the Bootstrap (BST), CT1, and CT2
Capacitors

The bootstrap (BST) capacitor (Cgst) supplies
power to the buck converter's HS-FET. A 0.1uF
to 1uF ceramic capacitor is recommended for
BST decoupling. Connect a minimum 0.1uF
ceramic capacitor between the CT1 and power
ground to achieve stable operation in boost-
sharing

MP5520 Rev. 1.0
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mode. In buck-sharing mode, CT1 and VB1 can
be connected directly. The CT2 capacitor
stabilizes the pre-charge loop of the PLP
converter. It is recommended to connect a
minimum 2.2uF capacitor between the CT2 pin
and power ground.

Selecting the RT Resistor for the Capacitor
Test

During the capacitor test, the MP5520
discharges Cstre Vvia an external resistor
connected to the RT pin and the internal
discharge FET. The internal discharge FET is
connected between RT and GND with a
resistance of about 1Q.

The discharge peak current should be limited
below 500mA via the external resistor. A 1kQ to
15kQ  discharge resistor is  typically
recommended.

Selecting the Input Capacitor and TVS Diode

A voltage spike may be observed during the
input switches’ start-up or fast shutdown. Adding
an input capacitor can effectively attenuate the
voltage spike. The required capacitance should
be determined by the application. Generally,
larger capacitances can attenuate voltage
spikes more effectively.

However, using larger input capacitance results
in higher input inrush current, especially during
hot-plug conditions. A minimum 0.1uF capacitor
is recommended since higher capacitances may
cause inrush current issues.

An efficient solution to mitigate the issues
caused by the voltage spike is to add a TVS
diode at the input. This also helps limit the inrush
current during hot-plug situations.

PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 29
on page 61 and follow the guidelines below:

1. Connect the high-current paths (VINX, VBX,
CTx, SWx, STRG, and PGND) using short,
wide, and direct traces.

2. Keep the SW1 and SW2 trace as short as
possible, and route them away from the
feedback network.

3. Place the decoupling capacitor across VBXx
and PGND, as close to the device as
possible.

4. Place the decoupling capacitor across CT2
and PGND, as close to the device as
possible.

5. If using a large-volume capacitor, place a
small 22.2uF ceramic capacitor as close to
CT2 and PGND as possible.

6. Place the decoupling capacitor across VCC
and AGND, as close to the device as
possible.

7. The feedback resistors should be placed
next to FBR, FBS, FB1, and DET.

8. Keep the BST voltage path (BST, Cegsr, and
SW) as short as possible.

9. Connect all signal grounds together, then
connect the signal grounds to PGND using a
one-point connection.

MP5520 Rev. 1.0
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Figure 29: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUIT

31
Ving VINL
%Lom J_CM 2V STRG
I 1uF
Vinz 17 VIN2
%Dm J_cm
I 1uF
2 peik swz 2
Re I vee VB1 2 ve1
ez g LTl vpss2 o Loen | cm
%fgig 10kQ 21 en FBR 102k m 22uF
Vee -2 ENDCDC DET1 =
MODE/EN2 BSTL
P1P2 281 p1p2
P3 - P3 swi 5V
scL 23/ scL VB2 vee
SDA SDA
DET2
PGS
PFI
18 INT1
s T2
c6 cs AGND GND APDR
47k m 6 12,37
Figure 30: Typical Application Circuit 1
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APPENDIX: LOGIC FLOW OF APPLICATION 1

Vint > ViNi_uvLo_RISING

Vinz > Vinz_uvLo_RISING

E-Fuse On

P1P2 and P3 Logic:

Pull the EN pin high,
EN1=1EN2=1

A J

A J

E-Fuse 1 Turn-On Delay
Register 04h, bits[1:0]

E-Fuse 2 Turn-On Delay
Register 05h, bits[1:0]

E-Fuse 1 Soft Start

E-Fuse 2 Soft Start

. |
# # Y /

DET1 > 0.816V DET2 > 0.816V

ENCHBIit=1 VFBR > VCHiFBR

DVDT1 > 1.2V

— @& (o)
(o)

Charge Delay
Register 07h, bits[7:6]

DVDT2 > 1.2V

ENDCDC goes high

PFI pin goes low

Pre-charge
VSTRG charged up with
constant current

i VSTRG = V12 = Vp1

FBS > PGS_TH x 0.8V

Boost Charge PGS pin goes high

Boost Refresh

Figure 31: Normal Start-Up
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or

Vint < ViNL_UVLO FALLING

Vinz < ViN2_uvLo FALLING

DET1 < 0.8V

or

DET2 < 0.8V

P1P2 and P3 Logic:

e
—

PFI pin goes high

Pull EN pin low,
EN1=1,0rEN2=1

- |
E-Fuse Off
ENCHBit=1 E-Fuse 1 Turn-Off E-Fuse 2 Turn-Off

FBS < PGS_TH X Vger

@

PLP Release Start

Veer < VRer

PFI remains high

Vstre < VRLs uvio
or ENCH low

PGS goes low

PLP Release Finish

Y

ENDCDC goes low

Figure 32: Normal Shutdown
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E-Fuse 1 Current > I s X PWR_SHARE_LIM
Register 08h, bit[4]

BUCK_EN=1
Register OFh, bit[7]

'

'

E-fuse 1 current clamped at
I X PWR_SHARE_LIM

Boost Sharing Start

A
BUCK_EN changes
from 1to O

Power sharing stops
switching

E-fuse 1 current
increases

A

PWR_SHARE_LIM
changes from 62%
to 31%

PWR_SHARE_LIM
changes from 31%
to 62%

Boost-sharing
current clamped?

Yes

Boost-sharing
current increases

No change ‘

Figure 33: Power Sharing

A

A

E-fuse 1 current
<62% X Iy ?

No change

Yes

A

A

Boost sharing reaches its
current limit

v

Boost-sharing current
clamped by its current limit

E-fuse 1 current increases

E-fuse 1 current

increases
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mes

Capacitor Test Enabled Buck release

Register 32h, bit[6]

v

Ignore capacitor test enable

All boost charge
conditions are met

Y

Start boost charge immediately;
Charge Vstre Up to peak

DEEP_EN =0
Register 32h, bit[1] PCle Mode SAS Mode
CAPEN=1
Register 32h, bit[6]
AJ DEEP_EN=1
Normal Capacitor Register 32h, hit[1]
Test Start CAPEN=1
Register 32h, bit[6]
y h J h J

Deep Capacitor Test Start:
Record Vstre Starting voltage in register 53h;
deep capacitor test timer starts to count

Record Vstre in Vstro1;
CAP_TIMER starts to count

Y A

Discharge Vstrg With RT resistor Discharge Vstre With RT resistor

Delta Vstrg = DV_DEEP
EBS = 0.8V v Register 32h, bit[4]

Stop Discharging:

Save the discharge time
to CAP_TIMER
Register 35h

A

Stop Discharging:
Timer stops counting, and
record Vstre iN Vstre2

Deep capacitor test timer
stops counting

Save the discharge time to
CAP_TIMER_DEEP
Register 3Eh

4
Deep Capacitor Test

CAP_TIMER <

CAP_FAIL_TH CAPTEST DONE=1 |« SEpesl
(Register 36h) SES
No i Mask = 0
\J INT2 goes low
CAP_ERR =1 CAP_ERR =0
Mask = 0
v
INT1 goes low
Figure 34: Capacitor Test (14
Note:
14) Since buck release has the highest priority, if the PLP needs to buck release during the capacitor test, the MP5520 stops the capacitor test
immediately.
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5V Input Loss

DET2 < 0.8V

l

v - ¢

PFI pin goes high

E

-Fuse 1 Turn-Off E-Fuse 2 Turn-Off

ENCH Bit=1

FBS < PGS_TH X Vger

Vegr < VRer

.

PLP Release Start

PFI remains high

Vstre < VRLs_wvio
or ENCH Low

PGS goes low

PLP Release Finish

A

ENDCDC goes low

Figure 35: 5V Input Loss
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12V Input Loss

DET1 < 0.8V »{ PFI pin goes high
l

; ;

ENCH Bit=1 E-Fuse 1 Turn-Off E-Fuse 2 Turn-Off

Vegr < Vrer
L

PLP Release Start ——»| PFlremains high

Vstre < VRLs_uvio

FBS < PGS_TH X Vger or ENCH Low
PGS goes low PLP Release Finish
h J
ENDCDC goes low

Figure 36: 12V Input Loss

T,>120°C .
OTWBIit=1 - Normal Operation -
A
T, > 150°C T;<125°C
Y
A A
OTBit=1 Hiccup
Figure 37: Thermal Shutdown
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Iina > luma X PWR_SHARE_LIM
Register 08h, bit[4]

BUCK_EN =1
Register OFh, bit[7]

BUCK_EN =0 ¢ ¢
Register OFh, bit[7]

E-fuse 1 current clamped at

ILyy X PWR_SHARE . LIM Boost Sharing Starts

Load current increases
and boost sharing
reaches its current limit

Boost-sharing current

» E-fuse 1 currentincreases |« | . -
clamped by its current limit

ling > ILima

v
DET1 < 0.8V » PFI pin goes high

:

\ \
E-Fuse 1 Turn-Off E-Fuse 2 Turn-Off

<«
@ Vegr < VRer

PLP Release Start ——»| PFlremains high

ENCH Pin = High,
ENCH Bit= 1

FBS < PGS_TH X Vger

PGS goes low

Vstre < VRLs_wvio
1 or ENCH low

PLP Release Finish

A
ENDCDC goes low

Figure 38: E-Fuse 1 Over-Current (OC) Logic
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E-fuse 2 current increases

linz > lumz

DET2 < 0.8V

[y

.

A ;

PFI pin goes high

ENCH Pin = High,
ENCH Bit=1

E-Fuse 1 Turn-Off E-Fuse 2 Turn-Off

-
M Veer < Vrer

PLP Release Start —— | PFlremains high

FBS < PGS_TH X Vrer

PGS goes low
Vstre < VRLs_uvio
v or ENCH low
PLP Release Finish
/
ENDCDC goes low
Figure 39: E-Fuse 2 Over-Current (OC) Logic
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Vin < Verave

Vin < VcLave
E-Fuse Full Turn-On -

Vove_tH > Vin > VeLave Vin > Vovp_TH

E-fuse remains fully turned on VBx is clamped to V¢ avwp

Figure 40: E-Fuse Over-Voltage Protection (OVP)

Reverse current (Igc) from
VBXx to VINXx increase

No
lrc > 4A?

Reverse current fast shutdown

E-fuse turns off immediately is not triggered

Figure 41: E-Fuse Reverse Current Fast Shutdown

Reverse current (Izc) from
VBx to VINX increase

l

Irc > 0.1A7

No

Yes
Y

E-fuse turns off'if Irc > 0.1A for

E-fuse remains on
up to tens of us

Figure 42: E-Fuse Reverse Current Block
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PACKAGE INFORMATION
QFN-37 (5mmx6mm)
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

A

/QQQOOOOQ

Pinl —»1(p nre e e
REEL
Diameter
—_—>
v Feed Direction
Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MPS520GQJ- | QFN-37 5000 N/A N/A 13in 12mm 8mm
XXXX-Z (5mmx6mm)
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