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IRPS5401 PMIC

Flexible Power Management Unit
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Full power system including 5 integrateoutputs

4A, 4A, 2A and 2A Switching Regulators

500mA Source/Sink Linear regulator

Single rail operation %V to 1%/

Output Range from 0.25V to 5/Xor outputs AD and0.5V ta3.6V for LDO

Allows combining outputsand/or the use of an externdl R MO S F BiveE Stdye to increase output
current to as high as 50A

Emulated current mode control without external compensation

Differential voltage sensing on Switcher A for higher accuracy

12C / PMBus with integrated level shifter

Advanced Sequencing control

Extensve PMBus command seff 74 commands

Integrated current sensing and full telemetry including voltage, current, temperature and faults
Rated for-40°C to +125°G @peration

Pb-Free, ROHS&x7mm, 56pin, 0.4mm pitch QFN
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High density ASIC, FPGACRU multirail systems

Embedded Computing systems
Communications and Storage systems
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and other multi-rail powersystems. Four high efficiency configurable switching regulators and a Source/Sink
Linear regulator provide the typical rails required such as core voltage, memory voltage and 1/O voltages.

Integrated, accurate current, voltage and temperature sensingalk telemetry and fault reporting through the
I2C/PMBus.

The IRPS5401 switching regulators utilize fixed frequeaowlated current mode control, and thus no external
compensation is required.

The IRPS5401 is highly flexible. Switchers A and B delivea@& Switchers C and D, deliver 4A each and can
also be combined to deliver 8A. Further, Switcher A can be configured to use an extemalMOSFETE Powe
Stage to deliver up to 50A or more.

Datasheet Please read the Important Notice and Warnings at the end of this document V24
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Ordering Information
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Table 1 Ordering Information
Base part Package type Standard pack | Orderable part number Description
number
IRPS5401M | QFN 7 mm x 7 mm| Tape and Reel | IRPS5401MTRPBF Unprogrammed
IRPS5401M | QFN 7 mm x 7 mm| Tapeand Reel | IRPS5401MXIO3PR Pre-programmed per
Table 2
IRPS5401M | QFN 7 mm x 7 mm| Tape and Reel | IRPS5401MXI04PRUMAL Pre-programmed per
Table 3
Table 2 IRPS5401MXIO3TRP Loop Configurations
Config | R_MTP | A (bold = B C D LDO
R_ADDR| external PS) (supplied from)
1 3n3xl 1.8V/0.5A 1.8V/1.4A 0.85V/0.6A 0.85V/3.7A 1.2V (B)
2 FTEYS | 1.2V/1.2A 0.85V/0.6A | 3.3V/1.5A 0.85V/4A 1.8V(C)
3 rr ES | 1.8V/I0.5A 5V/1.5A 3.3V/3.3A 0.85V/2A 1.8V (C)
4 Fnf £l 0.85V/16A 1.2V/1.5A 1.8V/1A 1.8V/4A 1.2V (D or external)
5 F n 3 x|l 0.85V/25A 1.2V/1.5A 1.8V/1A 1.8V/4A 1.2V (D or external)
6 F b3 3.3VIL4A 1.8V/1A 0.9V/3A 1.2V/3A 0.85V(A)
7 bnar 1 0.72V/9A 3.3VI2A 0.85V/7A 1.2V (B)
8 Bnxp [ 0.72V/15A 3.3V/I2A 0.85V/7A 1.2V(B)
9 b BH3 1 18V/IIA 1.2V/1.5A 1.8V/4A 2.5V/1.5A 1.8V(D)
10 Xnr 31 0.9V/I2A 1.2V/1.5A 1.8V/2.5A 1.2V/I2A 0.85V (C)
11 Xn 3 31 0.72VI9A 1.2V/1.5A 0.85V/4A 1.8V/2A 1.2V (D oexternal)
12 X 3 x 1 0.72V/I20A 1.2V/1.2A 0.85V/4A 1.8V/2A 1.2V (D or external)
Datasheet 40f64 V24
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Ordering Information

Table 3 IRPS5401MXI0O4TRPAUMAL Loop Configurations
Config | R_MTP | A (bold = B C D LDO
R_ADDR| external PS) (supplied from)
1 Not
used
2 Not
used
3 Not
used
4 Fnf £ 0.85V/15A 1.8VI2A 1.2V/5A 0.9V/0.5A
(external 2.5V)
5 Fn3xl 3.3V/10A 1.13V/1A 5V/2.1A 1.8V/I3A 0.85V/0.5A (external
2.5V)
6 f B34 0.85V/I5A | 1.8V/2A 0.85V/7A 3.3V/0.5A(optional)
7 pnr i 3.3V/10A 2.5V/I2A 1.2VI6A 0.85V/0.5A
(external 2.5V)
8 Bnxep | 1.2VI6A 2.5V/0.5A 1.8V/5A 1.8V/0.5A
(external 2.5V)
Datasheet 50f 64 V24
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Figure 1 IRPS5401 Basiapplication circuit
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Pinout Diagram
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Figure 3  Pinout diagram 7mm x 7mm QFN (Top View)
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Pin Function
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Table 4 PIN Function
PIN Description If not used
# Name TYP
1,2,3 |[VIN_D P[] Input supply voltage pins for Switcher D. Decouple locally by Short To
connecting aceramic capacitor from this pin to GND. GND
4 BOOT_D A [B] | Supply input for Switcher D high side FET gate drive. Conng¢
a 0.1uF MLCC between this pin and PHASE D pins. An | Open
internal diode is connected between VDRYV and this pin
56,7 |PHASED P [O] | Switch node of Switcher D. Connect directly to the output
. Open
inductor.
8,9, PHASE_C P [O] | Switch node of Switcher C. Connect directly to the output o
10 inductor. pen
11 BOOT_C A [B] | Supply input for Switcher C high side FET gate dri@@annect
a 0.1uF MLCC between this pin and PHASE_C pins. An int{ Open
diode is connected between VDRV and this pin
12, VIN_C P Input supply voltage pins for Switcher C. Decouple locally by Short To
13,14 connecting a ceramic capacitor from this pin to GND. GND
15 FB_C Alll Switcher C feedback input. Connect directly to VOUT_C for
output voltages less than 25/. Connect to VOUT_C with a | Open
2:1 resistor divider for output voltages greater than B3\a.
16 PG_D D [O] | Open drain power gooeutput indicating Switcher D is Open
powered up P
17 ALERT# D [O] |I2C/PMBus Alert line. This alert signal can indicate one or
more faults, allowing the system bus manager to poll the
device and identify the root cause. All faults or customer Open
selected fauls such as overcurrent or ovdemperature may
be specifically masked to this pin.
18 CLK D [B] |I12C/PMBu<lockLine. Pull up to VDDIO with KO n/a
19 DATA D [B] |I2C/PMBu®ataLine. Pull up to VDDIO with KO n/a
20 VDDIO P[] Pull-up signal voltage for I2C communications. Connect to th n/a
same |/O rail used by the 12C master.
21 1v8 A [O] |1.8V reference used by the device for internal analog and
digital control. Decouple using a 1{F X7R type ceramic n/a
capacitor
22 VIN_LDO P[] Input to the linear regulator. See linear regulator section for
. . . Short To
specific requirements.This voltage can range from 1.2V to
. - N GND
5.5V, with restrictions on overall power dissipation
23 VO_LDO A[O] |LDO output Open
24 FB_L Al LDOfeedback input Open
25 PG L D[l Open drain power good output indicating LDO is powered. uf Open
Pull up to 5V with 10K P
26 PG_A D[l Open drain power good output indicating switcher A is Open
powered up Pull up to 5V with 10K P
Datasheet 80f64 V24
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PIN Description If not used
# Name TYP

27 PG_C D[] Opendrain power good output indicating switcher C is Open
powered up Pull up to 5V with 10K P

28 EN_L DIl] LDO enable input control. Active Higaxternal termination Short To
L?KOCL?>H >1 HI'N F?2; P? @FI;GND
threshold is 2.1V minimum

29 SLEEP# D[] Active low signal to place the device in a low power mode Short to
, 644, NBL?MBI F> F?P?FMn a3

. VCC

maximum

30 PG_B DIl] Open drain power good output indicating switcher B is Open
powered up Pull upto 5V with 10K P

31 FB B Alll Switcher B feedback input. Connect directly to VOUT_B for
output voltages less than 25/. Connect to VOUT_B with a | Open
2:1 resistor divider for output voltages greater than B\a.

32 VIN_B P Input supply voltagepin for Switcher B. Decouple locally by | Short To

connecting a ceramic capacitor from this pin to GND. GND

33 BOOT_B A [B] | Supply input for Switcher B high side FET gate drive. Conng
a 0.1uF MLCC between this pin and PHASE_ B pins. An | Open
internal diode isconnected between VDRV and this pin

34,35 | PHASE B P [O] | Switch node of Switcher B. Connect directly to the output

inductor. Open
36,37 | PHASE A P [O] | Switch node of Switcher A. Connect directly to the output Open
inductor.

38 BOOT_A A [B] | Supplyinput for Switcher A high side FET gate drive. Conne
a 0.1uF MLCC between this pin and PHASE_A pins. An int§ Open
diode is connected between VDRV and this pin

39 VIN_A P Input supply voltage pin for Switcher A. Decouple locally by | Short To
connecting aceramic capacitor from this pin to GND. GND

40 RTN_A Al Differential feedback return signal for Switcher A. This can lf Short
connected remotely to the return location of VOUT_A. together

41 FB_A ATl] Differential feedback positive signdbr Switcher A. Connect
directly to VOUT_A for output voltages less than®/5 Short

Connect to VOUT_A with a 2:1 resistor divider for output together
voltages greater than 25v.

42 EN_A D 1] Switcher A enable input control; external termination
reKOCL?>H >1 HI N F?; P? @FI ; N
threshold is 2.1V minimum

Short To
GND

43 PWM_A A [O] | PWM signal for Switcher A to be used when Switcher A is
configured for use with an external R MOSFETE Po
Stage. This PWM piisa 5VPWM This pin is used to drive
5V capable externglower stagesuch as an IR355ower Open
stageand is a tristate or trilevel signal. A resistor and zener
clamp must be used when paad with a 3.3V only power stage
(see figure 11)Leave floating ithis pin is not used

44 EN_B D [l] Switcher B enable input control; external termination Short To
L?KOCL?>H >1I HIN F?; P? @FI ;|GND
Datasheet 9of 64 V24
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Pin Function
PIN Description If not used
# Name TYP
threshold is 2.1V minimum
45 ISEN_A All] Negative (return) senspoint for Switche Aexternal IOUT Short
sense together
46 ISEN_A+ All] Positive sensgoint for Switcher Aexternal IOUT sense Short
together
47 VDRV A[O] |5V drive voltage used to powdhe internal MOSFEdrivers.
5 M ’?_ ; EI_?Tfiﬁeb_fl_@m ‘E’Qﬁlfinsure noisefrom this n/a
switchingnode is not injected into the VCO@n. See the
application section.Terminate decoupling cap to GND (pin 5]
48 VCC A [O] |5V sourcaused by the devicéo powerinternal analog and

digital control. WhenVCGs seltgenerated by thedevice (from
VSUPPLY, do not load this pin with any load othéhan VDRV. | n/a
Decouple using a 21#F X7R typeceramic capacitor.
Terminate decoupling cap to AGND (pin 50)

49 VSUPPLY All] Input voltage for internal LDO for internigd generated VCC Short to

VCC
50 AGND Ground reference for thanalog and digital control n/a
51 EN_C D[] Switcher C enable input control; external termination Short To
L?KOCL?>H >1 HIN F?; P? @FI;GND

threshold is 2.1V minimum

52 SYNC _CLK | D[] External Synchronization pin, 6 4 4 , NBL? MBI F|Shortto
NBL? MBI F> CM fnreé6 GCHCGOGH |GND

53 EN_D D [l] Switcher D enable input control; external termination
required, do not leave floating. LVITINNBL ? MBI F> H
threshold is 2.1V minimum

54 MTP Al A resistor placed to grouthon this pin selects which of 19TP
banks of memoryare used. By allowing up to MTP
memory banks, a user can use up to itlentical IRPS5401
devices on a single board using just one customer n/a
configuration file. If this pin is above 2V when POR occurs, 1
device will not load OTP and the 12C address will be OAh.
Decouple with 0.01uF cap.

55 ADDR_PROT] Use a resistor on this pin to set the 126d/or PMBus Address
offsetfor the devicelf the 12C register R/W protect security
@OH=NCIH CM OM?> ; H> &a0). A |na
asserted high to disable the R/W protection. Decouple with
0.01uF cap.

56 FB_D Al Switcher Dfeedback input. Connect directly to VOUT_D for
output voltages less than 2%/. Connect to VOUT_D with a | Open
2:1 resistor divider for output voltages greater than B\5.

Short to
GND

57 GND Ground. The large metal pad on the bottom must be n/a
connected to Ground.
Datasheet 100f 64 V24
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Block Diagram
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Absolute Maximum Ratings

6 ' <Ml FON? 2 NKEHGOIG

3SNL?MM?M <?SI H> NB?M? FCMN?>

OH>?L &a! <Ml FON? - ;
These are stress ratings only and functioraderation of the device at these or any other conditions beyond
those indicated in the operational sections of the specifications are not implied.

Table 5 Voltage Ratings
Vin [A_B_C_D], VSUPPLY -0.3V to 16V
VCC, VDRIVE -0.3V to 6V
1v8 -0.3V to 2V
BOOTA_B_C_D] -0.3V to 22V
BOOTA B_C_D¥lnstransient -0.3V to 24V
SWI[A B _C_D] -0.3V to 16V
SWI[A_B_C_BJlhstransient -4V to 1%
BOOTto SW [A_B_C_D] -0.3V tovVCGC+0.3\(Note2)
Input / Output Pins -0.3V to VCC +0.8\otel)
GNDto AGND -0.3V to +0.3V
Table 6 Thermal Information
Junction to Ambient Thermal Resistan@;a 13.50W
Junction to PCB Thermal Resistanée.rcs 3°aw

Maximum Storage Temperature Range

-55°C To 150°C

MaximumJunction OperatingTemperature Range

-40°C To 12 (Note3)

Maximum Lead Temperature (Soldering 10s)

300°C

Note:

Voltages referenced to GND unless otherwise specified
Must not exceed 6V

RCG

Cold temperature performance is verified via correlation using statistical quality control. Not tested in

production.

Datasheet 120f 64
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RECOMMENDED OPERATING CONDITIONS FOR RELIABLE OPERATION WITH MARGIN
Table 7
Recommended Operating Ambient Temperature Range -40°C taB5°C
VIN [A to D] 1.2V to 14V (with external VCC
VSUPPLY (for Internal VCC) 6V to 14V
External VC@nd VDRIVFoltage Range 45Vto5Y¥Y
SWA and SWB Output Load OA to 2A
SWC and SWD Output Load 0A to 4A
Combined SWC+SWD Output Load 0A to 8A
Note: The electrical characteristics table lists the spread of values verified within the recommended
operating conditionsTypical values represent the median values, which are related’®. 25
Table 8 Electrical Characteristics
Parameter Symbol Conditions Min. Typ. Max. | Unit
UVLO Turron
Threshold 42 ) 4as v
UVLO Turroff
Threshold 3.6 3.9 v
Supply Current I All outputsdisabled 40 45 | mA
PRY vee (low power disabled)
All outputs disabled
Supply Current I 25 30 |mA
PRY vee (low power enabled)
Supply Current I SLEEP# = low 10 25 |UuA
i vee (Sleep Mode Enabled)
VDRV
UVLO Turron
Threshold 4.2 45 |V
UVLO Turroff
Threshold 3.6 3.9 v
All outputs Enabledfsw
Supply Current lvarv —80KkHz 15 mA
Internal Supply VCC
LDO
Input Voltage 6 - 14
Output Voltage (on Vcc Ta=25C 6.0V<VSUPPLY<14
pin) Vee OmA<lout<50mA 4.6 4.85 51
Output Current loutmax - 75 mA
Datasheet 130f64 V24
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Parameter Symbol Conditions Min. Typ. Max. | Unit
VDDIO
Input Voltageé I2C termination voltage 1.62 - 55 |V
Input High Voltage % of VDDIO 60 - - %
Input Low Voltage % of VDDIO - - 30 | %
Input Leakage Vpad = 0to 5.5V -1 - 1 A
Reference Voltage
(DAC) [Ato D]
Range 0.25 255 |V
Resolution 5 mV
Accuracy
(0°Cto 85°Qunction VID =1.0to 2.55 -0.8 - 08 |%
temperature)

VID = 0.9%to 0.995/ -8 - 8 mV

VID = 0.28to 0.495/ -10 - 10 |mVv
Accuracy
(-40°C to 12%Cjunction VID =1.0to 2.55 -1.5 - 15 | %
temperature)

VID = 0.%to 0.995/ -15 - 15 |mVv

VID = 0.28to 0.495/ -20 - 20 |mV
Oscillator & PWM
Generator
Internal Oscillato? - 48 - MHz
Frequency Accuracy ?;riggriijgncnon -3 - 3 %
Frequency Accuracy -40°C to 12%8C -6.25 +6.25 | %
PWM Frequency Ranbe 200 - 2000 | kHz
PWM Resolutioh - 2.6 - ns
Digital InputskTTL ADDR_PROT,

EN_Xx

Input High Voltage 2.1 - - \%
Input Low Voltage - - 08 |V
Input Leakage Vpad =01to 5% -1 - 1 HA
Digital Inputs)kTTL SLEEP#
Input High Voltage 2.1 - - \%
Input Low Voltage - - 0.8 |V
Input Leakage Vpad =01to 5% -10 - 10 |pA
External Sync SYNC
Frequency range 200 1000 | kHz
Voltage Range 0 5 Vdc
Input High voltage 2.1 \%
Input Low Voltage 08 |V
Datasheet 140f64 V24
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Parameter Symbol Conditions Min. Typ. Max. | Unit
Input Leakage current Vpad = 0to 5.5V 5 |pA
Sync pin capacitance Vpad =0to 5.5V 10 |pF
Synchronization Range
(From OTP setting) 0°C to 85°C -6.25 +6.25 | %
Synchronization Range
(From OTP setting) -40°C to 12%C -3 +3 | %
Sync signal Duty Cycle 45 50 55 | %
Remote Voltage Sense | FB [A to D],
Inputs RTN_A
FB_xnput Current VOUT = 0.25V to 25 -35 - 90 MA
RTN_Anput Current - -50 - HA
Sglfggegtl'_\?;r']gi“t RTN A= +100mV 0 2.55 1V
RTN_Anput CM -100 - 100 |mV
Voltagée
Remote Current Sense | ISEN_A+/ISEN_4
Inputs -
(I;Z?grgon Mode/oltage 0.1 i veel |V
ggfnegrzntlaIVoltage 10 i 60 | myv
Analog Address/Level | ADDR_PROT,
Inputs MTP
Output Current Vpad =0to 1.2V 96 100 104 | pA
OpenDrainOutputs PG_x, DATA,
ALERT#
Output Low Voltage amA - - 03 |V
Output Leakage Vpad =010 5% - - 5 |pA
PWM 1/O PWM_A
Output Low Voltage | =-4mA - - 04 |V
Output High Voltage I =+4mA (;/EL:SCV - - \%
Tri-State Leakage Vpad = 0 td/cc - - 1 |HA
I2C/PMBus
Bus Speed Normal - 100 - kHz
Fast - 400 - kHz
Maximum - 1000 - kHz
Datasheet 150f 64 V24
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Telemetry Reporting -
Switching Outputs [A
to D]

lout, lin, Vinand
Temperature Filter
Ratée

Selectable

(Selected Fequency applies
to all parametersfor all
loops)

0.97,
19,
3.8,
7.7,

15.5,

31, 63
126

Hz

lout, lin, Vin,
TemperatureUpdate
Ratée

25

kHz

Vin Reporting Range

175

Vin Reporting Accuracy
(-2 to 2b)

VIN = 12V

%

Vin Reporting Accuracy

VIN = 5V

%

Vin Reporting
Resolutiort

31.25

mV

Vout Reporting Rande

With 2:1 scaling

51

Vout Reporting
Accuracy

READ_VOUT reports DAC
setting

0.5

%

Vout Reporting
Resolutiort

User Selectable
per output
through
VOUT_MODE
command.
Actual
resolution is
5mV/10mV
depending on
VOUT_SCALING

0.244
1.953
3.906

mV

lout ReportingGain
Accuracy

gain_error

Iread=lout(1+gain_error)tl_o
s*full scale

%

lout ReportingOffset
Accuracy

|_os

full Scale = 2A for A/B
and 4A for C/D

2.5

%

lout Reporting
Resolutiort

15.625

mA

lin Reprting
Resolutiort

7.8125

mA

P_in Reporting
Resolutiort

31.25

mwW

P_out Reporting
Resolutiont

31.25

mwW

Temperature Reporting
Resolutiort

0.25

°C

TemperatureReporting

%

Datasheet
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Accuracy
Telemetry Reporting -
Switching Output A
with External IR
-/ 3&%4AH 01 Q
lout Reporting
Resolutiort 125 mA
lout Reporting At 100% full load. Assumes ;
-6 6 %

Accuracy 5% accurate external source
lin Reprting
Resolutiort i 62.5 i mA
P_in Reporting
Resolutiort 250 mw
P_out Reporting
Resolutiort 250 mw
Telemetry Reporting -
LDO
VinReporting Ringe* 0 - 8 V
VinReporting
Resolutiort i 7812 i mv
Vin Reporting Accuracy -2 - 2 %
VoutReporting Ringe* Vout is measured 0 - 4 \
VoutReporting User Selectable th n 0.244
Resolutiort ser Selectable throug i i

VOUT_MODE command. 1.953 mv

3.906

VoutReporting Accuracy -2 - 2 %
lout Reporting Ringé* 0 - 0.72 |A
lout Reporting
Resolutiort i 0.976 i mA
lout Reporting Accuracy At 500mA -10 10 | %
P_in Reporting
Resolutiort i 15.625 - mw
P_out Reporting
Resolutiort i 15.625) - mw
Datasheet 170f64 V24
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Fault Protection -
Switchers [A to D]

OVP Threshold During
Start-up (until output 1.2 1.35 15 |V
reaches 1V)

OVP Threshold During
Start-up (until output 24 275 30 |V
reaches 1V)

OVP and UVP Operatin
Threshold Range:
Resolution: - 50 - mV

Relative to VID, 1:1 scaling 50 - 400 |mV

OVP and UVP Operatin| Relative to VID, 2:1 scaling | 100 800 | mv
Threshold Range:

Resolution: - 100 - mV

OVP and UVP delay After exceeding threshold - - 150 |ns

OVP and UVP thresholc

For thresholds > 200mV -20 20 %
Tolerancé

OCWARN and FAULT

Switcher A and B 0 - 4 A
Rangé

OC WARN and FAULT

Switcher C and D 0 - 8 A
Rangé

OC WARN and FAULT

Switcher C in C+D mode 0 - 15.97 |A
Rangé

OC WARN and FAULT
Resolution

OC FAULT Threshold
Tolerance At 3A for A and B, 6A for C a|
(0°Cto 85°Cjunction D, at 12A for C+D
temperature)

-10 +10 | %

OC FAULT Threshold
Tolerancé At 3A for A and B, 6A for C a|
(-40°Cto 125 Cjunction D, at 12A for C+D
temperature)

-20 +20 | %

OT WARN and FAULT

Rangé 0 255 C

OT WARN and FAULT
Resolutiont

Fault Protection -
Switcher A with

External) 2 -/ 3 &
Power Stage

OC WARN and FAULT

Rangé 0 - 255 |A

OC WARN and FAULT

Resolution - 0.25 - A

External ISENSE Filter

Bandwidth ) 62 - | KKz

Datasheet 180f 64 V2.4
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Fault Protection - LDO
Read Only, % of VOUT as se
in Ido_target_register Non
OV FAULT tracking OR - 125 - %
measured VIN/2 Tracking
OV WARN - 112.5 - %
UV FAULT - 75 - %
UV WARN - 87.5 - %
OC FAULT Read Only - 0.72 - A
OC WARN Range 0 - 0.72 |A
OC WARN Resolution - 3.9 - mA
MOSFET Switcher A
and B
High Side Switch Tj=20G BOOTPHASE=5V| - | 150 | - |GA
Resistance
Low Side Switch Tj = 20G VDRV = 5V - | 45 - |ea
Resistance
MOSFESwitcher C
and D
High Side Switch Tj = 20G BOOTPHASE =5V | - 85 - |ca
Resistance
Low Side Switch Tj = 20G VDRV = 5V - | 25 - |ea
Resistance
LDO
Input Voltage Vin_ido 12 - 55 |V
Output Voltage Vout_ido 0.5 - 36 |V
Dropout Voltage Varopout_Ido lout=0.5ATj=125C - - 05 |V
Output Current lout_1do - - 0.5 A
Reference Voltage Vet 1do Ta=28C 490 500 510 |mV
-40°C<Tj < 88C 485 500 515 |mV
Timing Information
Automatic Time from PORo end of
Configuration from configurationloaded from - 1 - ms
MTP NVM to working registers
Isense AMPuomatic ) 1 ) ms
Trim Timé
Delay from Elnable high Low power mode disabled - 3 - V]
to ramp start
Delay from Elnable high Low power mode enabled - 600 - Hs
to ramp start

1. Verified bydesign

2. Actual OC limi{MAX sustained load the VR can handle) is a function of inductor ISAT and system therma

solution. SW A and B limited to 2A max DC load. SW C and D limited to 4A max DC load

Datasheet
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Typical Application Diagrams

8 4SJC=; F

'3 I FQE; NCI

H $C; AL; G

o—
Vi

=}

M|

-

4—|»—|“'

Vin

:

5.5V Max

36V, 0.5A Max |

I

‘

Il

1]

r

|

1.6Vi 5V, 12C
pull up voltage

12C or SMBus {

“l

Terminate to VDDIO
with 4.7K

&q

flo——

|

Active Low, pull up to Vcc

M‘ﬂ

]
VIN_A |—1

“
VIN_D |—1

NC

VOUTA

2A Max
1

Route sense lines l
differentially
Divider optional; only
NC required for 2:1 scaling
NC

Divider optional; only
required for 2:1 scaling

| ml ©
> Z| |
> >
VDRV PWM_A
BOOT_A
Vee
PHASE_A
18V
RTN_A
VSUPPLY FB_A
ISEN_A+
VIN_LDO ISEN_A
VO_LDO BOOT B
FB_L
PG L PHASE_B
- IRPS401
PG_A
EN_A FB_B
PG_B
EN_B
PG_C
BOOT C
EN_C -
PG_D
EN_D PHASE_C
VDDIO
ALERT# FB_C
CLK
DATA
ADDR_PROT
- BOOT_D
SYNC_CLK PHASE_D
SLEEP#
MTP
FB_D

GND

Divider optional; only
required for 2:1 scaling

Divider optional; only

required for 2:1 scaling

Figure 5
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Vi

=

“

<+

To IR3555 REFIN

)

3.6V, 0.5A Max 4

I

‘

cing Logic

|

r

|

1.6Vi 5V, 12C
pull up voltage I
12C or SMBus
Terminate to
VDDIO with 4.7K

T

flo——

|

Active Low, pull up to Vcc

i

]
VIN_A FT

]
VIN_B Fl

“
VIN_C |—1

“
VIN_D |—l

VDRV PHASE_A
BOOT_A
VSUPPLY
Vee
PWM_A
ISEN_A+
Lav ISEN_A-
FB_A
RTN_A
VIN_LDO
VO_LDO BOOT_B
FB L
PG L PHASE_B
= IRPS401
PG_A
EN_A FB_B
PG_B
EN_B
PG_C
BOOT_C
EN_C -
PG_D
EN_D PHASE_C
VDDIO
ALERT# FB C
CLK
DATA
ADDR_PROT
- BOOT D
SYNC_CLK PHASE_D
SLEEP#
MTP
FB_D

PWM

Switch
louT TOUT
REFIN GND
. 3
Ll

To 1.8V Reference

NC

NC PSvV __J____;
Vee Vin

T IR3555 Boot —_|_

Route sense lines differentially

Divider optional; only
required for 2:1 scaling

Divider optional; only
required for 2:1 scaling

Divider optional; only

required for 2:1 scaling

Buireos 1:z Jo} painbai
Ajuo ‘reuondo Japinig

Figure 6
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O
vin Infiin s e
<(I Cﬂ‘ O o
z z z z
> > S S
VDRV PHASE_A | NC {
BOOT A | NC PV - 3
I J__ Vee vin
Psv VSUPPLY T IR3555 Boot —_|_
vee PWM_A PWM
- Switch
I ISEN_A+ IOUT TOUT 3
REFIN GND 2 2
3 28
To IR3555 REFIN Lav ISEN A- > a3
N - o
To 1.8V Reference N .§'~
I FB_A w2
Route sense lines differentially 8o
5.5V Max RTN_A £s
VIN_LDO l <
3.6V, 0.5A Max 4
VO_LDO BOOT_B
FB_L
PG_L PHASE_B
L | —m{en_L
2 IRPS401
Q PG_A
[o2]
S| — ] EN_A
O < FB.B Divider optional; only
% PG_B required for 2:1 scaling
| —ens
)
0| —prc_C
| EN_C BOOT_C —_|
NC| PG_D VOUTC
NC| EN D PHASE_C
- 4A Max gE
O—l— VDDIO 5§ ?
1.0Vi 5V, 12C s
pull up voltage I %r:
12C or SMBus ALERT# FB_C o2
Terminate to CLK Lo
VDDIO with 4.7K DATA E %
ADDR_PROT BOOT b =
_ﬂ_ O———  { SYNC_CLK PHASE_D L‘YYWT
O SLEEP# 4A Max
Active Low, pull up to Vcc
MTP I
IJ: % FB_D | NC
GND
Figure 7 IRPS5401 using Switcher C and Switcher D in paralldbr higher current applications
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Typical Application Diagrams

TYPICAL OPERATING CHARACTERISTICS

VCC=540°C to 125°C

Typical DAC Error at 0.5V Typical DAC Error at 2.5V
3.0 10
S 20 S
E E 6 \\
B 1-5 B
5 10 5
0.5 2
0.0 0
-50 0 50 100 150 -50 0 50 100 150
Temperature £C) Temperature £C)
Typical ICC Typical ICC in Low Power Mode
39 25
g > 20 ) ~
< <
Ear // £
24
Q / Q
Q 36 " © 23
35 P 23 4
34 22
-50 50 100 150 -50 0 50 100 150
Temperature £C) Temperature £C)
Sync FET Rdson Control FET Rdson
70 250
60 A P
200
g 50 / < //0’
150 —
= 40 / = /
o { o
8 30 — 2100 A—QF/.—
X 20 | gt ——A8B | F 5 — ——A&B
10 ~8—C&D ~m—C&D
0 0
-50 0 50 100 150 -50 0 50 100 150
Temperature £C) Temperature £C)
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9 $?M=LCJINCI H

ThelRPS5401s a digitally configurable flexible power management unit, with an 12C/PMBus interface. It can
support up to 5 rails, with 4 independent switching regulators and one linear regulator.

The switching frequency is programmable froBD0kHzto 2MHzand provides the capability of optimizing the
design in terms of size and performance.

The IRPS540dwitchers provideprecisely regulated output voltageprogrammable from 0.25V to 2.55V without
a resistor divider and up to 5.1V with a resistor divider.

ThelRPS540tanoperate with an internal bias supply (LDQypically 5.0VThis allows operation witha single
supplyby connecting the input of the LDO (VSUPPLY) to the bus voltage (Vin_x). A 1uF capacitor should be used
at the VSUPPLY pin for decoupling purposes. The output of this LDO is brought out at the Vcc pin and must be
bypassed to the analog ground (pin 50) Wia 1.0uF decoupling capacitor. An additional voltage, VDRV,

required by the internal driver circuitry is derived by using a 2 ofimF filter from the Vcc pin to the VDRV pin.

Note that the 1uF at the VDRV pin must be bypassed to the system power groim87p The Vcc pin may also

be connected to the VSUPPLY pin, and an external Vcc supply between 4.5V and 5.5V may akouwsad for

an extended operatingpus voltage (Vin_x) range from M2o014\.

The device utilizes the omnesistance of the low sidMOSFET (syhconous MOSFBTasthe current sense
?F?G?HNn 4BCM G?NBI > ?HB; H=?M NB? =1 HP?LN?LAM ? @@C:
current sense resista.

9.1 /| HNCGIE2l AL; GG; <F?2GIGU 3 0 e

The IRPS5401 has 64K of OTP-molatile memory. The OTP design is based on a patented ghignnel nor
volatile anti-fuse memory cell. The OTP memorgsha data retention rating of 2@ears and an operating
temperature range of40°C to 150C ¢55°C to 150C storage rating)

This mamory space is divided up into 26TP segments that can be programmed 1 time. The memory space is
therefore referred to as Multiplgimes Programmable (MTP). This allows the user to; a) change the
configuration registes and reprogram the MTP up to 26mes or b) save up to 15 configuration files during

initial programing and use the MTP pin to choose which file to load at start up. If option b is used, the
remaining unused MTP segments are available for the user to make additional changes to the coniigufite

and save to MTP using thigowlRCenteGUI device programmer utility.

9.2 - 40 JCH ©JCH gBhHe

The table below shows the MTP segment that will be selected with a given resistor value connected to the MTP
pin. The resistor must be connected to the AGpID and bypassed with a 10nF X7R type miatyer ceramic
capacitor.

Datasheet 240f64 V2.4
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Table 9
MTP pin Resistor MTP Segment selected
*0.84%F A +0
*1.3E A +1
*1L7&E A +2
23E A +3
2.8FE A +4
34& A +5
4.1EF A +6
4.7 A +7
54%€ A +8
6.1E A +9
6.9 A +10
7.8 A +11
8.8TE A +12
10.0E A +13
11.0E A +14
Note: Do not use these values for applications with ambient temperaturés <0
Note: The number of segments that the user chooses to program with multiple configuration files is set
by a configuration register calledax_prog Thenax_pogregister value needs to be set to the
number of configuration files that will be programmedeor example, if the user programs
segments +0, +1, and +2, thenieex_progregister needs to have a value of 3. For applications
with junction temperaturevelow 0C, segments +0, +1, and +2 are not available.
9.3 $?PCI=Q2Q@QJ )HCNC; FCT; NCI H

During the powerup sequence, when VIN is brought up, the internal LDO converts it to a regulated 5.0V at VCC.
There is another LDO which further converts this down to 1.8V to supply the internal digital circuitrynder-
voltage lockout circuit monitorghe voltage ofthe VCC pin and the P1V8 pin, and holds the POR low until these
voltages exceed their thresholds and the internal 48 MHz oscillator is stable. When the device comes out of
reset, it initializes an MTP load cycle, where the contents of tliéPMire loaded into the working register®nce

the registers are loaded from MTP, the designer can uséRRBuUsto re-configure the registers to suit the

specific VR design requirementsdésired, irrespective of the status of the enable pins.

Vsupply=VIN_x

VCC

P1Vv8
POR |
Trims done, MTP loaded

and address offset resistor read
En_x

Vout

Figure 8 Power up sequence

Datasheet 250f 64 V2.4
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In the default configuration, power conversion for a given loop is enabled only when the corresponding En_x

pin voltage is asserted high, the Vin_x bus voltage exceeds its under voltage threshold (as stored in the MTP
registers and commanded by the PMBus commands VIN_ON and VIN_OFF), the contents of the MTP have been
fully loaded into the working registers and the device address has been read. IRPS5401 provides additional
options to enable the device power conversionrtiugh software and these options may be configured to

override the default by using the 12C interface or PMBus.

Note: The VDDIO pin voltage must remain stable after device €@Rng the VDDIO voltage after a
device POR will cause a timing violation of tli& b2s protocol and may result in 1I2C and PMBus
communication issues

9.4 | >>L? MBCHA203gpBHTIT

The IRPS5401 has twebit registers that are used to set the base 12C address and base PMBus address of the
device, as follows.

Table 10
Register Description Default
i2c_device_address | The chip 12C address. An address of 0 will disab{ecommunication 10h
pmb_device address| The chip PMBus address. An address of 0 will dis&biBus 40h
communication.

Setting another bit, i2c_take_addr_from_ext, to 1, will allow thiser to offset the base address of the device
using aresistor from ADDR_PROT to AGMNIuch a case, the table below provides the resistor values needed
to realize up to 15 offsets from the base address. For applications with junction temperatures HfGw
address offsets of +0, +1, and +2 are not available.

Table 11
ADDR_PROT Resistor 12C Address Offset
*0.84F A +0
*1.3(E A +1
*1L.7& A +2
2.3E A +3
28FE A +4
34&E A +5
4.1 A +6
4.7 A +7
54 A +8
6.1€ A +9
6.9 A +10
7.8 A +11
8.8 E A +12
10.0E A +13
11.0E A +14
12.1E A +15
Note: Do not use these values for applications with ambient temperaturés <0
Datasheet 260f64 V24
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Another biti2c_pmb_addr_lock, if set, allows the user to lock the 12C and PMBus addresses

9.5 3QCN=BCHA &L?KO?H=S

The switching frequencyf¢w) setting of the IRPS5401 is stored in MTP and can be configured by using the
PMBus command FREQUENCY_SWITCH.

The IRPS5401 with will ACK @fiREQUENCY_SWITCH command fromkB2@o 2MHz in increments ofkHz
(increments of XHzwith commands above 1MHz)nternally the command is decoded and the actual FSW is
set to the nearest value that can be supported with a 48MHz internal clock. For examplé&H@@n be

supported with ninety-six (96) 48/Hz clocks. So if you ask for 308z, you get exactly 50kHz But if you

wanted 450kHz, the number of clocks required is 106.6667 (48/0.45). In this case, the frequency would be set
to one hundred and seven (107) 48MHz clocks or 4kB6 Fractional values of 0.5 and above are rounded up

to the next whole mmber.

Because of the enforced phase relationship between the four switching regulators, the switching frequency for
all four switching regulators is determined by the FREQUENCY_SWITCH command sent to Switcher C.
FREQUENCY_SWITCH commands sentto Sitthe ' H " H ; H> $ QCFF <? | #+A>
FREQUENCY_SWITCH read command sent to Switchers A, B, or D will respond with the value that the user
wrote into the device but the actual switching frequency for Switcher B and D will be the switching frequaincy
Switcher C. The switching frequency of Switcher A will be the switching of Switcher C if the
FREQUENCY_SWITCH value for Switcher A is the same as or greater than Switcher C. The switching frequency
of Switcher A will be one half of the switchifiggquencyof Switcher C if the FREQUENCY_SWITCH value for
Switcher A is less than Switcher The switching frequency of Switcher A will be %2 of Switcher C even when
synced to an external CLK. This frequency relationship between Switcher A and SwitchdreCsene with

Switcher A using internal mode or external power stage mode. Switcher A will have the same switching
frequency as Switcher C if Switcher C frequency is less thark#a0o

Even when running off an internal clock, all four switchers exhibietixohase relationships with one another,
with Switcher A leading Switcher C by®0

which in turn leads loop B by 90Finally loop D lags loop B by @0 hus loops A and B are out of phase by®80
as are loops C and D.

Figure 9 Switcher phase relationship

9.6 3SH=BLI HCWONFPA#HN IE E; H

IRPS5401 implements a frequency lock loop which forces all four switcher loops to operate at the same
frequency as an external synchronization clockhe four switchers still maintain the same phase relationships

Datasheet 270f64 V2.4
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with eadch other as they do when running from an internal clock. Switcher A shows a small phase offset (~80ns)
from the sync clock.

1 If the sync clock is withir:6.25% of the programmed frequency, the device will phase and frequency lock to
the incoming sync clock

1 If the sync clock is more thah12.5% away from the programmed frequency, the device will lose sync and
will relax gradually to the programmed frequency.
Once the device is in sync, it will have:t40 ns uncertainty or jitter with respect to the synéock.

It takes about 110us for the circuit to lock to the Sync clock

9.7 SQCN=6MN?IOHQF¥L MN; >A?”?

Switchers B, C and D can only be operated in internal power stage mode, and their PWM signals are not brought
out to a pin. However, using an MTegister bit, sw_a_use_internal_driver, Switcher A can be configured to
operate in either internal power stage mode (sw_a_use_internal_driver=1) or in external power stage mode
(sw_a_use_internal_driver = 0). In the external power stage mode, the PWM oaff@witcher A is brought out

to the PWM_A pin and can be connected to the PWM input pindafstry standard tristate type drivers or

Infineon power stagedevices.The logic of operation for théri-state drivers is depicted ithe figure below.

Note tha the PWM Aoutput istri-stated whenever theSwitcher A is disabledhe shutdown ramp has
completed or before the sofstart ramp is initiated

— 50V

Tri-State

PWM

Figure 10 PWM_A tristate details

PWM_Ais a 5V PWM signal. 2eB&r clamp must be used to limit the power stag@VM pin voltagevhen the
IRPS5401 is paired with an external power stage that does not support 5V PWM iAmséries resistance of 402
LI must used to limit thezener current.

e R g
PWM_A AN PWM
3vo 78

IRP55401 TDA21240
TDA21241
. J

T TDA21242
TDA21231
TDA21520

TDA21570

L

Figure 11 Zener clamp details when usingpower stages that only support 3.3VPWMinput
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9.8 $CACN; F #I1I HNLI FF?L p 07 -

For the switcher loops A, B, C andtbe IRPS5400ises a proprietary emulated current mode control scheme,
which makes it possible to use PI control to stabilize the loop for all types of inductors and capacitors, including
MLCC. The digitized error voltage from the higbeed voltage error ADC is processed by a digital compensator,
the proportional (K) and Integral (K coefficients, which are programmable. The output of the compensator is
then compared with an emulated auwent signal to generate the PWM signal, with a resolution of 2.6ns to avoid
limit cycling. As a close realization to a Type Il analog compensator, the control engine also implements a low
pass, programmable single pole ) filter. This defaults to 1/Hz and in general, it should not be necessary

to change the location of this pole over a wide range of applications.

Ordinarily, a power stage using low ESR capacitors such as MLCCs requires the use of Type Ill compensation or
PID control, but, in the IRE5401, the emulated current mode modulator provides another palero pair,

unburdening the compensator and allowing a simple PI compensator to stabilize even such demanding
applications.

The compensator transfer function is defined as

a o]

Ki, & 1 o
(Kp+—)Tae——96
S £+y 6

¢ 1+

1 7 B? L 2igthevpdle typically positioned to filter noise and ripple, and programmable through the register
Koote1[3:0]

1 Kyis the proportional coefficient, programmable through the registey[&:0]

1 And Kis the integral coefficient programmable tlough the register k5:0].

9.9 $ClI >GOPRGHNOYI $CM=1 HNCHOI OM 41 >?2 [ J?L;

Under very light loads, efficiency can become dominated by MOSFET switching losses. Using the manufacturer
specific PMBus command MFR_FCCM, it is possible to enhance théokighefficiency by allowing the
controller to work in an adaptive on time (AOT) or diode emulation mode.

Table 12
MTP Register Function Default
. Sets the error voltage at which an etime pulse is started in 2mV Oh
diode_emu_thresh
steps
diode_emu_pw Sets the duration of the ottime pulse 4h

Reduces the calculated lowside FET o#iime in 62.5ns steps. Usefu Oh
de_off time_adjust @l L =1 GIJ?HM; NCHA @Il L -st&d delay3or d
better prediction of the zerecrossing

Error threshold to go from discontinuous conduction mode to 1lh
continuous conduction mode; 4 mV resolution. If Vout drops by th
amount, the control will be handed to PWM and dio@enulation is

ended.

le_th

Total current threshold below which itsiassumed that the inductor 00h
current has a negative component.

Inductor_ni_thresh

When the current reading drops below ni_thresh, the controller determines that the inductor current has a
negative component, and if MFR_FCCM=0, will allow AOT mode operation. Internaitigirdetermines, using
diode_emu_pw and the read values of Vinx and Voutx, when the inductor current declines to zero on a cycle by
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cycle basis and shuts off the logide MOSFET at the appropriate time in each cycle. This reduces conduction
losses and als lowers the switching frequency resulting improved efficiency because the inductor and lew
side MOSFET are not sinking power from the output capacitors at light loads.

In AOT mode, if Vout drops below a certain threshold (le_th) due to applying arassient load, the operation
is switched to continuous current mode (CCM) instantly.

Industry standard tristate drivers typically have slow tistate entry times, which allows negative current

to build up reducing efficiency and causing ringing.

Theoff_time_adjustvariable allows the designer to compensate for the-sate delay by reducing the lowgide
FET ortime by an equivalent amount.

9.10 /| ONJON 61 FNg;?2A? GRMWEBCHNRM

ThelRPS5401 provides true differential remote sensing for thét€her A output. Thé=-B_A and RTN_A pins are
connected to the load sense pins tifie Switcher Aoutput voltage to provide true differential remote voltage
sensing with high commormode rejection.This allows Switcher A (in external power stage mode) tovide
excellent regulation even in high current applications. Switcher loops B, C and D have single ended feedback
connections for sensing and regulationEach loop has a high bandwidth error amplifier that generates the

error voltage between this remotsense voltage and the target voltage. The error voltage is digitized by a fast,
high-precision ADCThis digitized error is used for Vout under voltage fault and warning detection as well as for
Vout overvoltage fault warning detection. Vout is reporteding the READ_VOUT PMBuUs command. The
reported Vout is the DAC reference value and not the actual measure output valtage

As shownn the figure belowthe Vsen and Vrtn inputs have &R Aoull-up to an internal 1V rail. This causes
some current flow irthe Vsen and Vrtn lines so external impedance should be kept to a minimum to avoid
creating an offset in the sensed output voltage.

+ {1 FB.A
_ @ A‘I RTN_A
RTN_B,C,D |
terminated to GND
* internally |
Figure 12  Output Voltage Sensing impedance
9.11 /| ONJON [/ P?L 61 FN; A? OLI N?=NCIH ©/ 60

If the output voltage exceeds a us@rogrammable (through PMBUS) threshold, the IRPS5401 detects an
output over-voltage fault and latches on the lowgide MOSFET to limit the output voltage rise

It should be noted, however, that although the overvoltagiereshold is programmable to any value using the
PMBus command, VOUT_OV_FAULT_LIMIT, internally it is translated into an offset from the commanded or
reference voltage, with a resolution of 50 mV (100 mV if a 2:1 divider is used) and with a minimum v&lue o
mV (100 mV if a 2:1 divider is used) and maximum value of 400 mV (800 mV if a 2:1 divider is used).
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Under OVP conditions, depending on the setting of the VOUT_OV_FAULT_RESPONSE, the converter can be
configured to keep regulating or to go into a latched shutdown, where the high side FET or Control FET is
turned off and low side FET or Sync FET is turnediote however that there is an MTP register,
vpu_high_release_en, that allows the low side FET operation to be configured in one of two wagsnain

latched on indefinitely or b) remain latched on until the output voltage falls below 200mV at whicte tihe

low-side FET is released. This release mode can reduce or prevent undershoot of the output voltage.

During softstart, OVP is triggered at the fixed sdftart level. This level can be chosen, using an MTP register,
from two different valuesof 1.3V or 2.75V respectively. If a 2:1 divider is used, these values automatically scale
to 2.7V and 5.5V respectively. In fact, it is this value which limits the maximum output voltage the IRPS5401 can

support to 5.5V.

Note that in the FET release modeNfB? | ONJON PI FN; A? LCM?M ; <|I P? NB?
will again be turned on until Vout drops below the release threshold level.

The user can cycle out of a latched over voltage fault by cycling En_x, VCC or the PMBus Operation domman

The other output are unaffected by the OVP event unless global_fault_en=1

Note: An OCP event may cause the VOUT_OV_WARN bit in the STATUS_VOUT register to falsely asse

Figure 13  OVP with vpu_high_release_en=1

Figure 14 OVP with vpu_high_release_en=0

Datasheet 31of64 V2.4
20191004



o _.
IRPS5401 PMIC ‘ Inf"]eon
Flexible Power Management Unit
Description

9.12 /ONJ ON &IH>N;LA? OLI N?=NCI H ©56068e

The IRPS5401 detects an output undeasltage condition if the sensed voltage is below the uggmogrammable
(through PMBus) UVP threshold. Upon detecting of an output undeitage condition, the IRPS5401 can be
configured using tle PMBus command, VOUT_UV_FAULT_RESPONSE to keep regulating or to go into a latched
shutdown.

It should be noted, however, that although the undervoltage threshold is programmable to any value using the
PMBus command, VOUT_UV_FAULT_LIMIT, internally thiere8hold depends upon the setting of a register

bit, vout_uv_by_adc, which can be set to either 0 (Vout undervoltage mechanism is through an analog
comparator) or to 1 (Vout undervoltage mechanism is through the hign speed error ADC saturation).

If the \but undervoltage mechanism by comparator is selected, the VOUT_UV_FAULT_LIMIT is translated into
an offset from the commanded or reference voltage, with a resolution of 50 mV (100 mV if a 2:1 divider is used)
and with a minimum value of 50 mV (100 mV .4 divider is used) and maximum value of 400 mV (800 mV if a
2:1 divider is used).

On the other hand, if the ADC saturation mechanism is selected, the undervoltage threshold is implicitly 250 mV
(500 mV if a 2:1 divider is used) below the commanded &erence value.

The user can cycle out of a latched undeltage fault by cycling Enable/CQr the PMBus Operation
command.

9.13 # OL L HINMIEPH-A? G? MESOF N M

ThelRPS5401 has two different current sense mechanisms; a) Sync FET Rdson current semisienal
powerstage mode and b) DCR, shunt current sensing, or Rdson sense in external powerstage mode.

Current sensing for Switchers B, C and D is always across the Rdson of the Sync FET. Current sensing for
Switcher A is also across the Sync FET Rdfsioninternal powerstage mode. proprietary patented scheme
allows reconstruction of the average inductor current from the voltage sensed across the Sync FET Rdson.
should be noted herehat in internal powerstage modé is this reconstructed averag inductor current that is
digitized by the monitor ADC and used for output current reporting. However, in this mode, the overcurrent
protection mechanism relies on an analog comparator and does not depend on the ADC or on the output
current reporting.

If Switcher A is operated in external powerstage mode, the current is sensed thrdgldrop across a

precision current shunt, the drop across theductor DCRor the IOUT signal of an Infineon Rdson power stage
like the IR355%nd is fed to a differentibcurrent sense amplifer at the ISEN_A+ and ISENIs of the
IRPS5401.

For DCR sensing, a suitable resist@mpacitor network of Rnand Genis connected across the inductor as
shown in the figure belowThe time constant of this RC network is setlie equalto the inductor time constant
(L/DCR) such that the voltage across the capacitar i€ equal to the voltage across the inductor DGR100K
NTC thermistor is also recommended acroSs,to compensatefor the positive temperature coefficient of
inductor DCR
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[
— L_out
_____ DCR
| q Vout

: Rsen Clslen

— v 1

NTC
= *— " W—e

ISEN_A+

ISEN_A-

Figure 15 DCR Current Sensing

The recommended value forGis a 22@F NPO type capacitor.

Yi Q¢ 0 €09 O06Y¥Y6i Q¢
For example, if L_out is a 1uH, 2nmductor, then Rsen would be set tdE5Awith Csen = 0.1uF)
These components must be placed close to the IRPS5401 pins.

For Rdson current sense, the signal from the power stage IOUT pin is reporting IOUT with a gain of 5mV/A. This
signal should be attenated with a 5:1 divider so that the input to the ISENSE amp is 1ImV/A. For noise

immunity reasons, the differential ISENSE signal is offset above GND by connecting the IS#iNtofa

reference voltage. This is usually the 1.8V reference provided byntieenal 1.8V LDO

L_out
R1 IR3555
Switch

IouT

REFIN

Figure 16 Rdson Current Sensing

Theoutput of this differential current sense amplifier, the gain of which is programmable through an MTP
register d2a_ecs_gain [2:0], is digitizég the monitor ADCThe output codeof the ADC is then converted using
the MTP register ecs_scale [7:0] into output current (in Amps), which is reported on the bus and also used for
overcurrent fault detection.

Current is reported using the READDUT PMBus command.

Note: Switcher outputs that aren theZ / &tétg will falsely report anutput currentif the user sends a
READ_IOUTcommared H | ONJON NB; N CM E/ &&¢¢C 4BCM @;
IOUT_OC_WARN bit to assert in the STATUS_IOUT register. The user will need to send the
CLEAR_FAULTS command after the output has been enabled.
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In internal powerstage modethe over current (OC) protection implemented by sensing currenthrough the

Roson)0f the SynchronousMOSFET (Sync FEThis method enhanrg M NB? =1 HP?LN?LAM ? @@C

eliminating a current sense resistor argliminatesany layout related noise issue3he current limit scheme in
the IRPS5401 uses an internal temperature compensated current source that has the same temgpeeratu
coefficient as theRoson)0f the Sync FET. As a resuhie overcurrent trip threshold remains almost constant

over temperature Moreover, the IRPS5401 also incorporates Vgs compensation that limits the OCP variation
with changes in VCC voltage.

TheOCP circuit samples the current at the center point of the Sync FET conduction time, and trips the analog
overcurrent comparator if it is more than the overcurrent protection setting as dictated bg PMBus

command IOUT_OC_FAULT_LIMIT. Although the PMBunmand will allow setting the OC threshold up to a
maximum of 15.97A (for internal driver), the internal circuitry saturates the current limit at 4A for Switchers A
and B with the 2A internal power stages and to 8A for Switchers C and D with the 4A gtages. Moreover,

the threshold set by the PMBus command is rounded to the closest higher 250 mA for the 2A power stages and
to the closest higher 500 mA for the 4A power stages.

In external power stage mode, an over current fault is flagged when thet@igéading of the output current
exceeds IOUT_OC_FAULT_LIMIT.

Additionally, through the PMBus command IOUT_OC_FAULT_RESPONSE, the user can choose between 3 type:
of responses to an overcurrent fault.
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Table 13

OCP Response Mode
Immediate shutdown and theratch off

Immediate shutdown and retry 6 times before latching p#2ms period

Immediate shutdown and retnjindefinitely, 22ms period

The user can cycle out of a latched owvanrrent fault by cycling En_X/CC, VINX, or the PMBus OPERATION
command(with correct ON_OFF_CONFIG setting)

Additionally, in both the internal and external powestage modes, an ovesurrent warning is flagged if the
digital reading of the output current exceeds IOUT_OC_WARN_LIMIT.

9.15 ) HJ OR NG?AHPMCIHRA Y G ? N K SO F NHW

For the switchers, the input voltage is fed through a 14:1 divider to a monitor ADC. The dibititage is
reported over thePMBus usinghe READ_VIN command. It is also used to implement an input undéage
lockout threshold, an input voltage warnig threshold and an input voltage ovesltage threshold through the
following PMBus commands

Table 14
Function PMBus Command Default
UVLO VIN_ON FOO1h
UVLO VIN_OFF FOOOh
Undervoltage warning VIN_UV_WARN_LIMIT EO0Oh
Overvoltage fault VIN_OV_FAULT_LIMIT E200h

Additionally, through the PMBus command VIN_OV_FAULT_RESPONSE, the user can choose between 2 types:
responses

Table 15

VIN OV Response Mode

Ignore

Immediate shutdown and then latch off

The user can cycle out of a latched VIN Overvoltage fault by cycling BCQpr the PMBus Operation
command.
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The IRPS5401 uses-die temperature sensing for accurate temperature reporting and ovemperature
detection. Also, to account for temperature gradients across the die, temperature sensing is actually done by
two separate sense circuits at different locations on the die. So, Switchers A and B share one temperature
sensor, while Switchers C and Dwsll as the LDO share another temperature sensor. Therefore, the
READ_TEMPERATURE PMBus command reports the same temperatngtcimersA and B. Als@&GwitchersC

and D as well as the LDO report the same temperatiitee reporting resolutioris 0.250C

PMBus commands OT_FAULT_LIMIT and OT_WARN_LIMIT allow the user to set tipeeture fault and
warning thresholds respectively.

Additionally, through the PMBus command OT__FAULT_RESPONSE, the user can choose between 3 types of
responses to an ovelemperature fault, i.e., when the digital reading of the temperature exceeds
OT_FAULT_LIMIT.

Table 16

OT Response Mode

Ignore

Immediate shutdown and then latch off
Auto restart if fault condition disappears

The user can cycle out of a latchedertemperature fault by cycling En_X/CQr the PMBus Operation
command.

9.17 Ol Q31LKO? H=ITHA & B6F NM

The IRPS5401 provides flexibility in sequencing the startup and shutdown of the five outputs via the following
PMBus commands:

Table 17
Output Sequencing Runction PMBus command Default
Switchers A,B,C and D Startup TON_DELAY F800h
TON_RISE FO04h
Shutdown TOFF_DELAY F800h
TOFF_FALL F004h
LDO Startup TON_DELAY F800h

The figure below shows th#aur outputs starting upand shutting down with each output delayed 0ms from
the previous.
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Figure 17 VO sequencing

An extra level of flexibility in sequencing the different outputs is provided by the Global Faults feature in
IRPS5401This is a useful feature that forces all 5 rails to shut down in response to a fault that shuts down any
one of the rails. This is enabled by setting an MTP register bit global_fault_en. The figure below shows the
response of all the IRPS5401 outputsr@sponse to a shutdown of Switcher A by an output over voltage fault
when global_fault_en=1, enabling global fault shutdown and global_fault_en=0, disabling global fault
shutdown.

Figure 18 Global_fault_en=1

Figure 19 Global_fault_en=0
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The IRPS5401 has an inputhpSLEEP#, which can be pulled low to act as a master disable for all the rails if MTP
register bit,por_sleep_mode_enis set. In fact, pulling this pin low will put the device into an uHaw power

state with <10 uA quiescent current. It will caudeet1.8V to go low, disable all communication and force a
power-on reset, so that the contents of all the volatile registers are lost and restored to their reset values. If this
pin is pulled high again, the device has to go through a POR cycle again negyairfull MTP load.

9.19 #1 G CHTN=B?LHI ?$&; NCI H

Switchers C and D may be combined into a single output and operated in parallel to support load currents up to
8A. In order to do this an MTP register, bitmbine_outputs_c_gdnust be set to 1. Ithis mode SwitchelC and

D SW pin output are 18Mut of phase. Switche€ takes over the error voltage sensing and the control loop and
the internal PWM_C signal is ustat the internal powerstages of both loops C and D. The table below
summarizes themodification to the reporting, fault and warning thresholdas a result of combining Switchers

CandD! HS 0-"OM =1 GG; H> NI 3QCN=B?L $ QCFF <? . ! #+A>
Table 18

PMBus Command Response

to Switcher C

READ_IOUT Will report the total Switcher C+D output current

READ_VIN Will report the Switcher C input voltage (VIN_D and VIN_

must be connected to the same input)
READ_IIN Will report the total input current for Switcher C+D

IOUT_OC_FAULT_LIMIT Will set the Switcher C and D FAULT value to % this valt
IOUT_OC_WRN_LIMIT | Will set the Switcher C and D WARN value to % this valu

VIN_ON Will be applied to Switcher C
VIN_OFF (VIN_D and VIN_C must be connected to the same inpult

IOUT_CAL_OFFSET Will be applied to the total Switcher C+D output current

9.20 , CH??2A0R; NI L

The IRPS5401 also has a linear regulator (LDO) in addition to the four switchers. This regulator can accept a
wide input voltage range from 1.2V to 5.5V and provide output voltages from 0.5V to 3.3V, deliverio@ 15A

of continuous current wih a low dropout voltage of 0¥. Moreover, the regulator can be configured using an
MTP register bitdo_track _config. © operate in sourceonly mode, set Ido_track_config t®. To operate in
tracking mode, setdo_track_configto 1. Thetracking mode of operation makes it ideal for use in memory
termination tracking applications (Vtt). The LDO also supports a manufacturer specific PMBus command
MFR_LDO_NRGINto allow margining the output voltaget15%.

The reference voltage for the LDO is nomindlpV and hence a resistor divider is needed from Vo_LDO to FB_L
to generate output voltages higher than 0.5V tracking mode, the reference is an internal 2:1 divider to
Vin_LDO.It should be noted here thator the LDOthe VOUT_OV_EAT_LIMIT, VOUUV_FAULT_LIMIT,
OUT_OV_WARN_LIMIT and VOUT_UV_WARN_LIMIT PMBus commands-@rdyRaad they report the
corresponding thresholds calculated internally based on either 1/2Vin_LDO (tracking mode) or on the contents
of an MTP register Ido_target_voUif:(] (norttracking mode).
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Unlike the switcher loops, fault detection for all LDQufts except overcurrent faultelies on digital monitoring

and digital comparison.

9.22 / ONJIORNNB?AF?l L NCHA/HP PUORNN;OAN? QLH>N?=NCI |
SH>? ERIOAP N?=NCI H

The output voltage is fed through an internal 3.2:1 dividera 18bit monitor ADC. The digitized voltaged is

NB?H L?JILN?>

H NB?

0-"OM OMCHA NB? 2%! $n6/54 =1G

device what thetarget output voltage is based on the 0.5V reference and the feedback divider. This register has

a resolution of 1/64V.

The various output voltage fault and warning thresholds are shown in the table below:

Table 19
Non-Tracking Tracking
QV Fault limit 125%target voltage 125% (Vin_LDO/2)
UV Fault limit 75% target voltage 75% (Vin_LDO/2)
OV Warn limit 112.5% target voltage 112.5% (Vin_LDO/2)
UV Warn limit 87.5% target voltage 87.5% (Vin_LDO/2)

The responses to both the overvoltage and undervoltage fad# be programmed to either ignore or to

shutdown, similar to the switchers.

9.23 ) HIGOR N2?AJ?21 LNCHAWUHYH ;)HPI QNH J5CN /OLPI?N.PH NFQNI;

The input voltage is fed through an internél4:1 dividerto a 16bit monitor ADC. The digitized voltagedtisen
reported on the PMBus using the READ_VIN commanid. also used to implement an input undeoltage
lockout threshold, an inputunder voltagewarningthreshold and an inpubvervoltage threshold through the

following PMBus commands

Table 20
Function PMBusCommand Default
UvLO VIN_ON D808h
VIN_OFF D800h
Undervoltage Warning VIN_UV_WARN_LIMIT C800h
Overvoltage fault VIN_OV_FAULT_LIMIT CACOh

Additionally, through the PMBus command VIN_OV_FAULT_RESR@i¢Sker can choose to ignoeeVIN
overvoltagefault or to shut down in response to it.

The user can cycle out of a latched \dixer voltage fault by cycling Enablé/CQr the PMBus Operation

command.

9.24 /| P#OL ?HN OLI N?=NClI

ThePMBus command IOUT_OC_FAULT_LIMIT is implemented as Read_Only for the LDO, and it reads 0.72A.
Thus, the LDO has a fixed overcurrent limit of 0.72A. An internal analog control loop limits the current to this
threshold and hence causes the output voltage doop. When the output voltage drops below the UV fault limit
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of the LDO, it flags a UV fault (rather than an over current fault), but still responds based on the setting of
IOUT_OC_FAULT_RESPONSE (constant current limiting or shutdown).

Further, if IOUTOC_FAULT_RESPONSE is configured for a constant curremingspn additional MTP bit,
ldo_foldback enable, can be configured to allow for a current limit foldback response when the UV fault limit is
exceeded.The Ido_foldback_enable configuration withonstant current response will further reduce the
overcurrent limit of 0.72A to ~1/4 of this value, or ~0.18A, after the UV fault limit is exceeded.

The output current can be read on the PMBus using the READ_IOUT command.

9.25 ) F# 3?2=0OLCNS

The IRPS5401 provideobust and flexible security options to meet a wide variety of customer applications.
A combination of hardware pin and software password prevents accidental overwrites, discourhgekers,
and secures customanfigurations and operating data.

The folbwing MTP registers can be used to set the Read and Write Security Zones

Table 21
Register Description Default

Write_protect_section Choose among 3 options 1) No protection or Open zone 2) No protection
Protect only configuration registers or No Configuration zone 3 or Open zone
Protectall registers or Secure zone

Read_protect_section | Choose among 4 options 1) No protection or Open zone 2) Noprotection
Protect only configuration registers or No Configuration zone 3 or Open zone
Telemetry zone 4) Protect all registers or Secure zone

The tables below describe the access levels in each of these security zones.

Table 22 Read Security Zones

Zone Locked Unlocked
Open All All
No Configuration Debug & Telemetry All
Telemetry Telemetry All
Secure None All
Table 23 Write security zones
Zone Locked Unlocked
Open All All
No Configuration Debug & Telemetry All
Secure None All

Further, the following protection modes or methods are available.
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Table 24 Read or Write Unlock Options
Password Only
Pin Only
Pin & Password

LockForever
9.26 O; MMQI L> OLI N?=NCI H
The system designer can set any-b# password (other than 00h) and this is stored in MTP in the register
OML##J; MMQI L>6rpylén 41 OHFI=EH ; OM?L GOMN QLCN? N
usr_try passvord[15:0] which is a volatile read/write register. To lock, write an incorrect password into the
a0; MMQI L> 4LSA L?ACMN?LA3 ' @N?L ; =?LN; CH HOG<?L 1 @

access.

The following pseudecode illustrateshow to change a password:

#first unlock the IC

Write old password to R/W Try register

#now write new password into MTP

\Write new password to the MTP Password register

# password change complete, status is locked

#Need to write new password to Try register to unlock

9.27 OCH OLI N?=NCI H

The ADDR_PROT pin is a dual function pin. When the IC is enabled, the resistor value is latched and stored for
use in the 12C address offset function. Thereafter, the pin acts entirely as a PROTECT pin. If enabled, the
PROTECT pimust be driven high to unlock and low to lock. Note, if the resistor address offset function is being
used, care must be taken to allow the IC to read the resistor value before driving the pin high or low to set the
security state otherwise an erroneousddress offset value may be latched in.
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Recommended Circuit and Operating Parameters for Internal Switchers
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Table 25
Min L_out for | Min C_out for
Input Output Switching | 1Ap-p inductor +3% AC
Voltage Voltage Frequency ripple * regulation 2 Kp3 Ki3

Vv V kHz uH uF Decimal Decimal

12 05to1l 800 11 7 X 22uF 35 42
lto1l5 1.6 6 x 22uF 36 43
15t02 2 5 x 22uF 38 43
2t02.5 2.5 4 x 22uF 40 44
251033 3 4 x 22uF 42 46
3.3t05 3.6 3 x 22uF 42 50

9 05to1 1.1 7 X 22uF 36 43
ltol1.5 15 6 X 22uF 37 43
15t02 2 5 x 22uF 38 43
2t0 2.5 2.2 4 x 22uF 40 44
251033 2.7 4 x 22uF 42 46
3.3t05 2.7 3 X 22uF 42 50

5 05to1 1 7 X 22uF 38 44
ltol1.5 1.3 6 X 22uF 38 45
15t02 1.5 5 x 22uF 40 48
2t0 2.5 1.5 4 x 22uF 41 50
251033 1.5 4 x 22uF 42 53

Note:

1. 1A pp = 25% of IMAX on the 4A rail, 50% of IMAX on the 2A rails
2. With 1A load step, 5A/us slew rate
3. Fco ~ 5kHzMIN PWM jitter 20% of pulse widit MAX

Datasheet

420f64

V24
201910-04



IRPS5401 PMIC
Flexible Power Management Unit

Layout Guidelines

10 , 7 SI ON " OC>?FCH?”M

1.

© o N Ok

(infineon

The IRPS5401 can supply relatively large amounts of output current from four separate outputs. The ability
of the part to dissipate the heat generated in the part is a concern and as such as much copper as possible

should be dedicated on the top layer t8ND, VIN, and SW to maximize cooling

Place output inductors as close as possible to the SW nodes to minimize the length of the copper area of the

SW node. This will help to minimize the parasitic capacitance and radiated emissions

The PGND thermal pagifi 57) must be connected to a dedicated GND plane with VIAS as shown.

Additional internal GND layers should also be connected to the VIAS as well

Make PCB patterns for VIN, SW, VOUT, and GND as broad as possible

Decouple VIN with a minimum 1uF X7R typeQ€ as close as possible to the VIN pin
Decouple VCC to AGND pin with 1uF X7R MLCC

#1 HH? =N 6## NI 6%26 QCNB FfA L?MCMNI L ; H>
Connect MTP and ADDR_PROT resistors to AGND

. Decouple MTP and ADDR_PROT pins with 10nF XZR KLAGND

10.There must be a single point contact from AGND to PGND

11.Route sensitive nets away from SW nodes

12.Place a GND plane on the layer 2, the layer directly underneath the top side components
13.Do not allow switching current, including pulsing input currés to be routed under the device
14.Keep the switching current loops as small as possible

15.1f a scaling resistors divider is used, the lower resistor must be terminated to PGND

16) @ ; fyr M=; FCHA L?MCMNIL >CPC>?L CM OM?>H NB?
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Flexible Power Management Unit
Layout Guidelines

10.1 3; GF? F; SI ON

Figure 20 LAYER 4TOP SIDE COMPONENTS PLUS POWER PLANE

Figure 21 LAYER ZGROUND PLANE

Figure 22 LAYER XSignal Layer

V24
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Figure 23 LAYER 4GrouND Plane

Figure 24 LAYER %Power PLANE

Figure 25 LAYER &Power PLANE
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Figure 26 LAYER/ %kGROUNDPLANE

Figure 27
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Typical Performance

11 4SJC2L@®I DG; H=7?
VIN=12V, VOUT=2.5V, IOUT=4A, TAMB=25°C

Figure 28  Output ripple Figure 29  Input ripple

Figure 30  Transient response Figure 31  Switch node peak and jitter

Figure 33  Enable shut down

Figure 32  Enablestart
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