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TPS40400 3-V to 20-V PMBus Synchronous Buck Controller
1 Features 3 Description

« Input Operating Voltage Range: 3 V to 20 V The TPS40400 is a cost-optimized flexible
. PMBus Enabled Analog Controller synchronous buck controller that operates from a

Reference 600 mV * 1%

Remote Voltage Sense Amplifier
Internal 6-V Regulator and 6-V Gate Drive

Programmable Overcurrent Protection

Inductor Resistance or Series Resistance Used

for Current Sensing

Programmable Switching Frequency: 200 kHz to 2

MHz

Powergood Indicator
Thermal Shutdown
Programmable Soft-Start
Internal Bootstrap Diode
Prebias Output Safe
24-Pin QFN Package

Applications

Smart Power Systems
Power Supply Modules
Communications Equipment
Computing Equipment

SMBALRT
DATA

nominal 3-V to 20-V supply. This controller is an
analog PWM controller that allows programming and
monitoring through the PMBus™ interface. Flexible
features found on this device include programmable
soft-start time, programmable short circuit limit, and
programmable undervoltage lockout (UVLO).

An adaptive anti-cross conduction scheme is used to
prevent shoot through current in the power FETs.
Gate drive voltage is 6 V to better enhance the power
FETs for reduced losses. Short circuit detection
occurs by sensing the voltage drop across the
inductor or across a resistor placed in series with the
inductor. A PMBus programmable threshold is
compared to this voltage and is used to detect
overcurrent. When the overcurrent threshold is
reached, a pulse by pulse current limit scheme is
used to limit the current to acceptable levels. If the
overcurrent condition persists for more than 7 clock
cycles of the converter, a fault condition is declared
and the converter shuts down and goes into either a
hiccup restart mode or latches off. The behavior can
be selected through the PMBus interface. Other
PMBus interface features include programmable
operating frequency, soft-start time, overvoltage and
undervoltage thresholds and the response to those
events, output voltage change including margining as
well as status monitoring.

Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
TPS40400 VQFN (24) 3.50 mm x 5.50 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

RHL Package

24-Pin VQFN
Bottom View
DATA CLK
SR AT BT 24 1
SMBALRT | )23 2C_ | eNTL
ADDR1| )22 3C_] PGOOD
ADDRO | D21 4C ] sYNC
vDD [ D 20 5(_| TRACK
HDRV| D19 TPS40400 6(_| comp
BOOT| )18 7C_ | FB
SW| H17 Thermal Pad 8| DIFFO
SGND
LDRV [ 16 9(_| vsNs+
GND [ 15 10| VSNS-
BP6| )14 13 |_| 12 11| ISNS-
BP3 ISNS+

Pin Functions

PIN a
1/o® DESCRIPTION

NAME NO.

ADDRO 21 | Low-order address pin for PMBus address configuration. One of eight resistor values must be connected
from this pin to SGND to select the low-order octal digit in the PMBus address.

ADDRI1 29 | High-order address pin for PMBus address configuration. One of eight resistor values must be
connected from this pin to SGND to select the high-order octal digit in the PMBus address.
Gate drive voltage for the high-side, N-channel MOSFET. A capacitor (100-nF) typical must be

BOOT 18 | g
connected between this pin and SW.

BP3 13 o Bypass pin for the internal regulator that supplies power to the internal controls of the device. Normal
regulation voltage is 3.3 V. Connect a capacitor with a value of 100-nF or larger from this pin to GND.

BP6 14 o Bypass pin for the internal regulator that supplies power to the gate drivers. Normal regulation voltage is
6.5 V. Connect a capacitor with a value of 1-uF or larger from this pin to GND.

CLK 1 | Clock input for the PMBus interface

CNTL 2 | Logic level input that controls the start-up and shutdown of the converter. PMBus options determine
exact functionality.

COMP 6 (0] Output of the error amplifier. Used for control loop compensation.

DATA 24 1/0 Data I/O for the PMBus interface

DIFFO 8 (0] Output of the unity gain remote voltage sense amplifier. Typically connected to the voltage divider on FB

FB 7 | Inverting input to the error amplifier. A voltage divider is connected to from the DIFFO pin to the FB pin
to sense the output voltage.
Common connection for the device. This pin should connect to the thermal pad under the device

GND 15 _ package and to the power stage ground, preferably close to the source of the low-side or rectifier
MOSFET. Connections should be arranged so that no high-power level currents flow across the pad
connected to the thermal pad on the underside of the device.

HDRV 19 (0] Gate drive signal to the high-side MOSFET

ISNS- 11 | Inverting input to the current sense amplifier

ISNS+ 12 | Noninverting input to the current sense amplifier

LDRV 16 (0] Output used to drive the gate of the low-side or rectifier MOSFET.

(1) 1= Input, O = Output, P = Supply, G = Ground

Copyright © 2011-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN 1
1/o® DESCRIPTION

NAME NO.

Power good output. This is an open-drain output that pulls low when any fault condition exists within the
PGOOD 3 O device or when the device is not operating within a user-selectable operating range of the nominal

output voltage of the converter.

Signal ground for the device. Connect the ground of signal level circuits to this pin. Connections should
SGND PAD - be arranged so that power level currents do not flow in the pad attached to the thermal plane or in the

SGND portion of the circuit.

SMBALRT 23 (0] Output used to signal that PMBus host that the device needs attention.
SW 17 | This is the common connection for the flying high-side MOSFET driver and also serve as a sense line
for the adaptive anti-cross-conduction circuitry
Logic level input to the oscillator inside the device. The oscillator resets on the rising edge of a pulse
SYNC 4 | : - = ] o
train applied to this pin and begin a new switching cycle.
Analog input to the noninverting side of the control loop error amplifier. The error amplifier has three
inputs (voltage reference, TRACK and soft-start time) to its + side, and the lowest voltage applied to
TRACK 5 | these three inputs dominate and control the output voltage of the whole converter. This pin is to allow
the user to configure a voltage divider that allows the device output follow an external reference voltage
during start-up.
VDD 20 | Input power connection for the device. This pin requires a supply voltage of between 3 V to 20 V.
VSNS+ 9 | Noninverting input to the unity gain remote voltage sense amplifier.
VSNS- 10 | Inverting input to the unity gain remote voltage sense amplifier.

6 Specifications

6.1 Absolute Maximum Ratings®

MIN MAX UNIT
VDD -0.3 22
SwW -5 27
BOOT -0.3 30
BOOT-SW, HDRV-SW (Differential from BOOT or HDRV to SW) -0.3
Input voltage v
VSNS+, TRACK, SYNC, FB -0.3
DATA, CLK, CNTL -0.3 3.6
ISNS+, ISNS— -0.3 15
VSNS—- -0.3 0.3
HDRV -0.3 30
Output voltage BP3 =03 38 v
BP6, COMP, PGOOD, DIFFO, LDRV -0.3 7
SMBALRT, ADDRO, ADDR1 -0.3 3.6
Operating junction temperature, T, -40 150 °C
Storage Temperature, Tgy -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2500
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vpp Controller input voltage 3 20 \%
T, Operating junction temperature -40 125 °C
6.4 Thermal Information

TPS40400
THERMAL METRIC® RHL (VQFN) UNIT

24 PINS

Rgia Junction-to-ambient thermal resistance 31.1 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics
Unless otherwise stated, these specifications apply for —40°C < T; < 125°C, Vpp= 12 Vdc, FREQUENCY_SWITCH = 600 kHz

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT

INPUT SUPPLY

Vvop Input voltage range 3 20 \%

Ivpp Input operating current Switching, no driver load 6 15 mA

VOLTAGE REFERENCE

Vep Feedback pin voltage default settings 594 600 606 mV

VEg(max) Feedback pin voltage maximum adjustment 750 mV

VEeg(min) Feedback pin voltage minimum adjustment 450 mV

VEg(ine) Feedback pin voltage adjustment resolution 2.34 mvV

Veso) ll’\gﬁgi;num nonlinearity error over adjustment 10 mv

BP6 REGULATOR

Vgpe 6-V regulator output voltage 6.2 6.5 6.8 \

Vpos Regulator dropout voltage, (Vypp — Veps) Vvpp = 6V, Igpg = 50 mA 300 mV

Igpe Regulator current limit 100 mA

BP3 REGULATOR

Vgp3 3.3-V regulator output voltage 3.1 3.3 35 \%

Vbos Regulator dropout voltage, (Vypp — Vgps) Vypp =3V, Igpz =5 mA 100 200 mV

OSCILLATOR

fsw Switching frequency Factory default setting 480 600 720

Nominal frequency range 200 2000 kHiz
Accuracy 3V <sVypp =20V, 200 kHz = fgyy < 2 MHz —-20% 20%

Viy SYNC high-level input voltage 2 v

Vi SYNC low-level input voltage 0.4

Isync SYNC pin leakage current Vorc =8V 100 nA
Vsyne =0V 100

tsrise Maximum SYNC rise time® 100 ns

tsync Minimum SYNC pulse width 100 ns
FREQUENCY_SWITCH = 200 kHz Vupp/6.6  Vypp/6.5  Vypp/6.3 \%

Vrup Ramp amplitude® FREQUENCY_SWITCH = 600 kHz Vypo/7.0  Vypp/6.8  Vypp/6.6
FREQUENCY_SWITCH = 2000 kHz Vuoo/10  Vipp/9.6  Vipp/9.2

VyLy Valley voltage® 0.9

fsyne SYNC range % of nominal oscillator frequency | 200 kHz < fg, < 2 MHz 85% 150%

(1) Specified by design. Not production tested.
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Electrical Characteristics (continued)

Unless otherwise stated, these specifications apply for —40°C < T; < 125°C, Vpp= 12 Vdc, FREQUENCY_SWITCH = 600 kHz
PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
PULSE WIDTH MODULATOR (PWM)

FREQUENCY_SWITCH = 600 kHz 90%
Duax Maximum duty cycle® @ FREQUENCY_SWITCH = 1.2 MHz 85%
FREQUENCY_SWITCH = 2 MHz 75%
torF(min) Minimum OFF time 170 225 ns
ton(min) Minimum controllable pulse® T, = 25°C, fgw = 600 kHz 75 ns
SOFT-START
e Soft-start time ® Factory default setting 2.7 3.1 35 ms
Accuracy 600 us <tgs <9 ms —-15% 15%
ERROR AMPLIFIER
GBWP Gain bandwidth product® 15 20 MHz
Aol DC gain® 60 dB
lisrB Input bias current: FB (out of pin) 0 100 nA
lisT Input bias current: TRACK (out of pin) 0 250 nA
leaop Output source current Ve =0V, Vecomp 22V 1 mA
leaom Output sink current Veg =2V, Veowp £0.3V 1
VeompH Error amplifier high output voltage Veg =0V 3.8 \%
VeompL Error amplifier low output voltage Veg =2V 50 mV
VTRACK (ofst) TRACK pin offset voltage -5 5 mV
CURRENT SENSE AMPLIFIER
lisns+ ISNS+ bias current 200 nA
lisns— ISNS- bias current 100 A
Viem Input common-mode range 0.45 15 \Y
AOcym Common-mode gain -80 dB
Vi Input linear range, VISNS+ - VISNS-®) —45 110 mv
CURRENT LIMIT PROTECTION
torr Off time between restart attempts 6 X tgg ms
Ves: — Ves. Voltage that trips OC fault function | Factory default settings®, T; = 25°C 27 30 33 mv
< <
Threshold accuracy g(;/n:vvgtﬁjmig ;/Yllo mv. T, = 25°C o >
ViLMTH 3V = Vypp =20V, Viumrr €30 mV, 3 3 mv
T;=25°C
Comparator offset ViumTh =30 mV, T; = 25°C -3 3 mV
Temperature coefficient™ 4000 ppm/°C
toLyoc Overcurrent delay 3-mV overdrive, Ty = 25°C 155 ns
Vcs+ — Ves- voltage that sets warning status Factory default settings, T; = 25°C 12 15 18 mV
?.g;\\//vs[)s/f,:ivé 120 mV, T, = 25°C -10% 10%
Vi Threshold accuracy 3V = Voo < 20 V. Viper < 30 V. P X N
T, =25°C
Comparator offset Viumth = 20 mV, Ty = 25°C -3 3 mv
Temperature coefficient™® 4000 ppm/°C
toLyocw Overcurrent warning delay® 3-mV overdrive 250 ns
BOOTSTRAP
Voot Internal diode voltage drop leoor =5 MA 0.7 1 \%
I800T(K) BOOT diode leakage current® (VeooT = Vsw) =6 V 1 HA

(2) Operation at 3 V reduces maximum duty cycle by approximately 5%.

(3) See Application and Implementation section for more information regarding soft-start time setting.

(4) The entire current ripple waveform must remain within the linear range for current reading results to be accurate. DC current level must
be zero or greater for accurate results. Current sense does not support applications that sink current. Transient voltages (such as ripple)
are permitted to fall below 0 V, but must be within the specified linear range.
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Electrical Characteristics (continued)

Unless otherwise stated, these specifications apply for —40°C < T; < 125°C, Vpp= 12 Vdc, FREQUENCY_SWITCH = 600 kHz

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
UvLO
VDD UVLO turn on threshold® Factory default settings (minimum) 2.475 2.75 3.025
I 278V VIR ON S 18 V. ~10% o)
VDD UVLO turnoff threshold ® Factory default settings (minimum) 2.25 25 2.75
VuvLoef Accuracy® gig 3 p xmiO(leg 2/ 176V —10% 00
REMOTE VOLTAGE SENSE AMPLIFIER
ViorsT Input offset voltage -10 10 mV
RoaN Gain-setting resistor® 48 60 72 kQ
Vypop > 6.5 V 0 6
Vpiero Output voltage at DIFFO pin Vypp =5V 0 4.5 \%
Vypp =3V 0 25
Kpirr Differential gain of amplifier 0.995 1 1.005 VIV
Vacewp Closed-loop bandwidth® 2 MHz
lvaop Output source current Vsns+ = Vpirro =5V, Vens. =0V 1 mA
lvaom Output sink current Vsns+ =0V, Vons- =45V, Vpgeo =5V 1 mA
POWERGOOD
FB pin voltage upper limit for power good on . 648
Vpcon FB pin voltage lower limit for power good on Factory default setings 552 mv
Accuracy 540 mV < Vpgon < 660 mV —-5% 5%
FB pin voltage upper limit for power good off . 660 mV
VpGorE FB pin voltage lower limit for power good off Factory default setings 540
Accuracy 528 MV < Vpgore < 672 mV -5% 5%
Rpep Pulldown resistance of PGD pin Veg = 0, lpgoop = 5 MA 50 Q
lpGbLK Leakage current Eg(o:tﬁx (ie\f;ap L:t :gg:)n%jsv" Vpooop =5 V 3 15 pA
tpap Delay filter from FB® 5 us
OUTPUT VOLTAGE MARGINING
MRGerr VFB slope during margin voltage transition © Factory default settings 250 214 188 Vis
Accuracy 3V <Vypp<20V, 600 ps <tsg <9 ms -15% 15%
VEBMH FB pin voltage after margin high command Factory default settings 650 660 670 mV
VemL FB pin voltage after margin low command Factory default settings 532 540 548 mV
VegM(max) Maximum FB pin voltage with margin 742 750 758 mV
VEgM(min) Minimum FB pin voltage with margin 445 450 455 mV
VEs(inc) Resolution of FB steps with margin 2.34 mV
OVERVOLTAGE AND UNDERVOLTAGE DETECTION
Vou FB pin overvoltage threshold (OV flag) Factory default settings 638 672 705 v
Accuracy 3V <Vypp<20V, 648 mV < Vgy <690 mV -5% 5%
FB pin undervoltage threshold (UV flag) Factory default settings 502 528 554
Vv Accuracy 21\6 ;,l\\//VEDVZVZS \5/52 mv 5% 5% mv
PMBus INTERFACE
Viy High-level input voltage, CLK, DATA, CNTL 2.1 \%
Vi Low-level input voltage, CLK, DATA, CNTL 0.8 \%
High-level input current, CLK, DATA, CNTL -10 10
h CNTL -12 0 "
N Low-level input current, CLK, DATA, CNTL -10 10 WA
CNTL -12 10
(5) Although specifications appear to overlap, hysteresis is assured for UVLO turnon and turnoff thresholds.
(6) Specified by design. Not production tested.
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Electrical Characteristics (continued)

Unless otherwise stated, these specifications apply for —40°C < T; < 125°C, Vpp= 12 Vdc, FREQUENCY_SWITCH = 600 kHz

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VoL Low-level output voltage, DATA, SMBALRT 3V <= Vypp <20V, loyr = 2 MA 0.4 \%
lon %open—drain leakage current, DATA, Vour = 3.6V 0 10 vA
Co ® Pin capacitance, CLK, DATA 0.7 pF
fomB PMBus operating frequency range Slave mode 10 400 kHz
PMBus ADDRESSING
IADD ADDX pin current 8.23 9.75 11.21 HA
Vappw) Address pin illegal low voltage threshold 0.055 \%
MEASUREMENT SYSTEM
tioLy Read delay time 153 192 231 us
IReS Current measurement resolution (LSB) ® © 122 uv
IrnG Current measurement range ©® (0 —45 110 mv
Iace Gain accuracy™? -3% 3%
lopsT Offset -3 3 mV
Vour(res) VOUT measurement resolution (LSB) 15.625 mV
Vour(mg) VOUT voltage measurement range 0 14 \%
Vour(gain) Gain accuracy 92 -2 2| LsB
Vout(gain_adj) Gain adjustment range through PMBus -10% 10%
VouT(ofst) Offset*1)(12) -3% 3%
Vour(ofst_adj) Gain adjustment range through PMBus -125 124 mV
ViNres) V|y measurement resolution 325 mV
Vin(mg) V| Voltage measurement range 3 20 \%
Vin(gain) Gain accuracy 92 —2% 2%
Vin(gain_adj) Gain adjustment range through PMBus -10% 10%
Vin(offst) Offset*1(12) -5.5 -2 14| LSB
ViN(offst_adi) Offset adjustment range through PMBus -2 1.968 \%
THERMAL SHUTDOWN
Tisp Junction OT shutdown temperature 2 135 145 155 °C
TispH Shutdown hysteresis*? 25 30 35 °C
Tawrn Junction OT warning threshold *? 120 130 140 °C
TiwrNH Junction OT warning temperature hysteresis 2 15 20 25 °C

(7) All read backs are an average of 16 consecutive measurements — not a rolling average. Time is a delay between parameter updates.

(8) Constrained by the resolution of READ_IOUT command. This presents as the greater of 122 pV/ IOUT_CAL_GAIN or 62.5 mA, the
resolution of the READ_IOUT command

(9) Voltage is converted to current by dividing by IOUT_CAL_GAIN, the effective value of the resistance used to sense current in the
application. Maximum amount that can be reported through PMBus is 64 A.

(10) Current reading is only supported to 0 average. Voltage transients to —45 mV are taken into account when computing this average.

(11) PMBus commands provide for calibration of each device on an individual basis for improved overall system accuracy.

(12) Specified by design. Not production tested.
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6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
hai . . (VBOOT - sz) =6.4 V,
RupHi High-side driver pullup resistance oy = —100 MA, T, = 25°C 1.25 25 Q
iohosi ; ; (Veoot = Vsw) = 6.4V,
RupLo High-side driver pulldown resistance hiomy = 100 MA, T, = 25°C 1.3 2.6 Q
RLpHi Low-side driver pullup resistance T;=25°C 1.25 2.5 Q
RipLo Low-side driver pulldown resistance T;=25°C 0.8 15 Q
thriSE High-side driver rise time® Cloap = 2.2 NF 6 121| ns
tHEALL High-side driver fall time® Cloap = 2.2 NF 6.3 12.6 ns
tLRISE Low-side driver rise time® Cloap = 2.2 NF 12.1 ns
tLrALL Low-side driver fall time® Cloap = 2.2 NF 4 8 ns
. L MFR_SPECIFIC_00 bit 0 = 0,
toT Anti-cross conduction time (short dead time.) 20 50 ns
Isw SW pin leakage current (out of pin) Vsw =0V 1 HA
(1) Specified by Design. Not production tested.
6.7 Dissipation Ratings®
THERMAL IMPEDANCE Ta =25°C Ta =85°C
PACKAGE JUNCTION-TO-AMBIENT AIRFLOW POWER RATING POWER RATING
(°CIw) (W) (W)
311 Natural Convection 3.21 1.29
24-Pin Plastic
QFN (RHL) 25.2 200 LFM 3.96 1.58
23 400 LFM 4.36 1.74

(1) Ratings based on JEDEC High Thermal Conductivity (High K) Board. For more information on the test method, see Tl Technical Brief

SZZA017.
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6.8 Typical Characteristics
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Typical Characteristics (continued)

Input Bias Current, TRACK Pin (nA)
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Figure 7. TRACK Pin Input Bias Current
vs Junction Temperature
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

Timing and electrical characteristics of the PMBus can be found in the PMB Power Management Protocol
Specification, Part 1, revision 1.1 available at http://pmbus.org. The TPS40400 supports both the 100-kHz and
400-kHz bus timing requirements. The TPS40400 does not stretch pulses on the PMBus when communicating
with the master device.

Communication over the TPS40400 device PMBus interface can either support the Packet Error Checking (PEC)
scheme or not. If the master supplies CLK pulses for the PEC byte, it is used. If the CLK pulses are not present
before a STOP, the PEC is not used.

The TPS40400 supports a subset of the commands in the PMBus 1.1 specification. Most all of the controller
parameters can be programmed using the PMBus and stored as defaults for later use. All commands that require
data input or output use the literal format. The exponent of the data words is fixed at a reasonable value for the
command and altering the exponent is not supported. Direct format data input or output is not supported by the
TPS40400. See the PMBus Functionality and Additional Set-Up section for specific details.

The TPS40400 also supports the SMBALERT response protocol. The SMBALERT response protocol is a
mechanism by which a slave (the TPS40400) can alert the bus master that it experienced a fault condition. The
master processes this event and simultaneously accesses all slave devices on the bus (that support the protocol)
through the alert response address. Only the slave that caused the alert acknowledges this request. The host
performs a modified receive byte operation to get the slave address. At this point, the master can use the PMBus
status commands to query the slave that caused the alert. For more information on the SMBus alert response
protocol, see the System Management Bus (SMBus) specification.

The TPS40400 contains non-volatile memory that is used to store configuration settings and scale factors.
However, the settings programmed into the device are not automatically saved into this non-volatile memory. The
STORE_DEFAULT_ALL command must be used to commit the current settings to non-volatile memory as
device defaults. The settings that are capable of being stored in non-volatile memory are noted in their detailed
descriptions.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Output Voltage Setting

The converter output voltage is set in a way that is similar to a traditional analog controller, by using a voltage
divider from the output to the feedback (FB) pin. The output voltage must be divided down to the nominal
reference voltage of 600 mV. Figure 17 shows the typical connections for the device. Using the unity gain
differential voltage sense amplifier, the TPS40400 can regulate the voltage directly at the load. This method
provides better load regulation for output voltages lower than 5-V nominal (see Electrical Characteristics table for
the maximum output voltage of the differential sense amplifier). For output voltages above this level, connect the
output voltage directly to the junction of the R1 resistor and the C1 capacitor, leave DIFFO open, and do not
connect the VSNS inputs to the output voltage. In this case, it is also recommended to connect the VSNS+ pin to
the BP3 pin and the VSNS— pin to GND. The differential amplifier may also be used as a voltage buffer, provided
the electrical specifications are not exceeded

ry X1+ To load supply
J_ L _ connections
c1 @—»
R1 § VSNS-
C3

|
R3 i

6 | COMP

:
[~He]

7 | FB

— UDG-09075

Figure 17. Setting the Output Voltage

The components in Figure 17 that determine the nominal output voltage are R1 and R2. R1 is normally chosen to
ensure that the feedback compensation values (R3, R4, C1, C2 and C3) are close to readily available standard
values. R2 is then calculated in Equation 1.

R1
R2=Vp x| —M
8 ((VOUT - VrB )j

where
e Vg is the feedback voltage
*  Vgur is the desired output voltage
¢ R1and R2 are in the same units 1)

The feedback voltage can be changed +25% from the nominal 600 mV using PMBus commands, allowing the
output voltage to vary by the same percentage. See Output Voltage Adjustment for further details. After setting
the output voltage is set and calculating the values of R1 and R2, calculate the VOUT_SCALE LOOP parameter.
The PMBus interface requires this parameter in order to properly adjust the output voltage.

7.3.2 Input Voltage Feedforward

Input voltage feedforward functionality maintains a constant power stage gain as input voltage varies, and
provides for very good response to input voltage transient disturbances. The simple constant power stage gain of
the device greatly simplifies feedback loop design because loop characteristics remains constant as the input
voltage changes, unlike a buck converter without voltage feedforward. For modeling purposes, the gain from the
COMP pin to the average voltage at the input of the L-C filter is 6 V/V.
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Feature Description (continued)

7.3.3 Output Current Limit and Warning

The TPS40400 device uses a differential current sense scheme to sense the output current. The sense element
can be either the series resistance of the power stage filter inductor or a separate current sense resistor. When
using the inductor series resistance as in Figure 18, a filter must be used to remove the large AC component of
voltage across the inductor and leave only the component of the voltage that appears across the resistance of
the inductor. The values of R5 and C4 for the ideal case can be found by Equation 2. The time constant of the R-
C filter should be equal to or greater than the time constant of the inductor itself. If the time constants are equal,
the voltage appearing across C4 is be the current in the inductor multiplied the inductor resistance. The inductor
ripple current is reflected in the voltage across C4 accurately in this case and there is no reason to have a
shorter R-C time constant. The time constant of the R-C filter can be made longer than the inductor time constant
because this is a voltage mode controller and the current sensing is done for overcurrent detection and output
current reporting only. Extending the R-C filter time constant beyond the inductor time constant lowers the AC
ripple component of voltage present at the ISNS pins of the device but leaves the correct DC current information
intact. This also delays slightly the response to an overcurrent event, but reduces noise in the system leading to
cleaner overcurrent performance and current reporting data over the PMBus interface.

R5><C42[ L J
Resr

where (from Figure 18)
e R5and Rggg are in Q
e Cdisin F (suggest 100 nF
e LisinH (2)

The maximum acceptable voltage across the ISNS pins is 110 mV. Because most inductors have a copper
conductor and because copper has a fairly large temperature coefficient of resistance, the resistance of the
inductor and the current through the inductor should make a DC voltage less than 110 mV when the inductor is
at the maximum temperature for the converter. This also applies for the external resistor shown in Figure 19. The
full load output current multiplied by the sense resistor value, must be less that 110 mV at the maximum
converter operating temperature.

There is also a constraint on the negative (reverse current) voltage that can be applied to the ISNS pins of the
TPS40400 device. The voltage differential from the ISNS+ pin to the ISNS— should not be less than —45 mV. If
this condition is not met, inaccurate results from the READ_IOUT command occur. This requirement is intended
to limit the ripple voltage. The net current through the inductor must flow towards the load from the input voltage.
It is possible for the device to accommodate current sinking, but the device does not support current sinking in
overcurrent detection or in the READ_IOUT command.

In all cases, place the component C4 as close as possible to the ISNSx pins to help avoid problems with noise.

J:ET% L J L R

. r\mﬁq ) . ISNS
J L/VR\EX/ Cﬁ i To load J To load
1 1

ISNS+ - 1 ISNS+ 1
ISNS- - ISNS-
UDG-09076 UDG-09077
Figure 18. Current Sensing Using Inductor Resistance Figure 19. Current Sensing Using Sense Resistor
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Feature Description (continued)

After the current sensing method is chosen, determine the resistance of the current sense element. This method
allows the proper calculation of thresholds for the overcurrent fault and warning, as well as more accurate
reporting of the actual output current. The IOUT_CAL_GAIN command is used to set the value of the sense
element resistence of the device. The IOUT_OC_WARN_LIMIT and IOUT_OC_FAULT_LIMIT commands set the
levels for the overcurrent warning and fault levels respectively. (See the PMBus Functionality and Additional Set-
Up section for more details.)

7.3.4 Linear Regulators

Two on-board linear regulators provide power for the internal circuitry of the device. Pin BP3 and BP6 must be
bypassed to function properly. The BP3 pin requires a minimum of 100 nF connected between it and GND. The
BP6 pin requires approximately 1 uF connected between it and GND.

The external regulator can power other circuits but only if the loads placed on the regulators do not adversely
affect operation of the device. Avoid loads with heavy transient currents that can affect the regulator outputs.
Transient voltages on these outputs could result in noisy or erratic operation of the TPS40400 device.

It is important to consider current limits. Shorting the BP3 pin to GND damages the BP3 regulator. The BP3
regulator input comes from the BP6 regulator output. The current limit circuit on the BP6 regulator is 100 mA so
the total current drawn from both regulators must be less than that. This total current includes the TPS40400
device operating current , ypp, plus the gate-drive current required to drive the power MOSFETs. The total
available current from two regulators is found in Equation 3 and Equation 4:

lin = lgps — (lvop +lcaTE ) @)

| eate=fow * (QgricH + QgLow )

where
e I is the total current that can be drawn from BP3 and BP6 in aggregate
* Igpg is the current limit of the BP6 regulator (minimum 100 mA)
* lypp is the quiescent current of the TPS40400 device ( maximum 15 mA)
* lgate is the gate drive current required by the power MOSFETSs
« fgw is the switching frequency
*  Qguicn is the total gate charge required by the high-side MOSFET
*  Qgow is the total gate charge required by the low-side MOSFET (4)

7.3.5 PMBus Address

Each device connected to the PMBus interface must have a unique address on the bus acording to the PMBus
specification . The TPS40400 device has 64 possible addresses (0 through 63 in decimal) that can be assigned
by connecting resistors from the ADDRO and ADDRL1 pins to SGND. The address is set in the form of two octal
(0-7) digits, one digit for each pin. ADDRL1 is the high-order digit and ADDRO is the low-order digit.

The E96 series resistors suggested for each digit value are shown in Table 1.

Table 1. E96 Series Resistors

DIGIT RESISTANCE (kQ)
0 10
15.4
23.7
36.5
54.9
84.5
130
200

N[Ol WIN|F
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The TPS40400 device detects values that are out of range on the ADDRO and ADDRL1 pins. If either pin is
detected as having an out of range resistance connected to it, the TPS40400 device continues to respond to
PMBus commands at address 127, which is outside of the possible programmed addresses. It is possible (but
not recommended) to use the device in this condition, especially if other TPS40400 devices are present on the
bus or if another device could possibly occupy the 127 address.

7.3.6 PMBus Connections

The TPS40400 supports both the 100-kHz and 400-kHz bus speeds. Connection for the PMBus interface should
follow the High Power DC specifications given in section 3.1.3 in the SMBus specification V2.0 for the 400-kHz
bus speed or the Low Power DC specifications in section 3.1.2. The complete SMBus specification is available
from the SMBus web site, smbus.org.

7.3.7 PMBus Functionality and Additional Set-Up

7.3.7.1 Data Format

Three supported PMBus data format commands require representation of a literal number as their argument
(commands that set thresholds, set voltages or report those types of settings). A compatible device needs to
support only one of these formats. The TPS40400 device supports the Linear data format only for these
commands. In this format, the data argument consists of two parts, a mantissa and an exponent. The number
represented by this argument can be expressed as shown in Equation 5.

Value = Mantissa x 28XPonent )

7.3.7.2 Output Voltage Adjustment

The VOUT_TRIM command adjusts the nominal output voltage of the device. (See the VOUT_TRIM (22h)
command description for the format of this command as used in the TPS40400 device.) The adjustment range is
+25% from the nominal output voltage. The VOUT_TRIM command is used to trim the final output voltage of the
device without relying on high-precision resistors being used as described in the Figure 17 section. The
resolution of the adjustment is 7 bits, with a resulting minimum step size of approximately 0.4%. The output
margining function uses this same 7 bit structure so the total combined deviation from the nominal output for
margining and VOUT_TRIM is still limited to +25%. Exceeding this range causes errors.

In order for the PMBus output voltage adjustments to function correctly, the VOUT_SCALE_LOOP parameter
must be set properly. VOUT_SCALE _LOOP is a PMBus command (see Supported PMBus Commands) that
reports the ratio of the voltage divider that sets the nominal output voltage is. The data for this command is the
ratio of the divider that is used to set the output voltage. From Figure 17, VOUT_SCALE_LOOP parameter can
be calculated using Equation 6.

VOUT _SCALE _LOOP = _Ves
VOUT(nom) (6)

The resolution of the VOUT_SCALE_LOOP command is 0.00195, or slightly less than 0.2% due to the data
format of the command (the linear data mode exponent is fixed at -9 for this command). This granularity affects
the accuracy of adjustments to the output voltage made using the PMBus (VOUT_TRIM, VOUT_MARGIN_HIGH
and VOUT_MARGIN_LOW) as well as setting the overvoltage and undervoltage fault and warning levels. These
commands use the VOUT_SCALE_LOOP parameter to calculate the following requirements

» required reference voltage for the requested output voltage
» required thresholds referenced to the FB pin for the requested warning and fault levels

When the VOUT_SCALE_LOOP parameter has been properly set, the commands that adjust the output voltage
function properly. The TPS40400 can be in one of three states when considering what the actual output voltage
is:

» No output margin

* Margin high

* Margin low

The OPERATION command setting determines the output state. The FB pin reference voltage is calculated as
follows in each of these states.
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No margin voltage:
Veg = ((VOUT _TRIMx VOUT _SCALE _LOOP)+0.6) .
Margin high voltage state:

Veg = ((VOUT _MARGIN _HIGH + VOUT _TRIM)x VOUT _SCALE _LOOP) @

Margin low state:
Veg = ((VOUT _MARGIN_LOW +VOUT _TRIM)x VOUT _SCALE _LOOP)

where
* Vggis the FB pin voltage
« VOUT_TRIM is the offset voltage in volts to be applied to the output voltage
* VOUT_SCALE_LOORP is the output voltage divider scale parameter
*  VOUT_MARGIN_HIGH is the requested margin high voltage
¢ VOUT_MARGIN_LOW is the requested margin low voltage 9)

For these conditions, the output voltage is shown in Equation 10.

v v (R2 + R1)
= X| ——
ouT FB R2
where
e Vg is the pin voltage calculated in Equation 7
« R2 and R1 are in consistent units from Figure 17
« VOUT is the output voltage (10)

NOTE
The sum of the margin and trim voltages cannot be more that +25% from the nominal
output voltage. The FB pin voltage can deviate no more that this from the nominal 600
mV.

When using the margin commands, the soft-start time (tss, set by TON_RISE and the output voltage information
available to the device using the VOUT_SCALE_LOOP command) determines the transition rate between any
two of the three states (margin high, no margin and margin low) . The transition rate between margin states is
the same volts-per-second as the soft-start time, assuming that the user has input the correct value for
VOUT_SCALE_LOOP.

7.3.7.3 Overcurrent Threshold

The PMBus interface provides adjustable overcurrent in the TPS40400 device. To function properly, the device
requires a value for the current sensing element resistance. Issuing the IOUT_CAL_GAIN command with the
argument set to the resistance of the sense element establishes this setting. (See the IOUT_CAL_GAIN (38h)
command description). The resolution of this command is 30.5 pQ and the range is 0 to 15.6 mQ.

Another command, IOUT_CAL_OFFSET (see the IOUT_CAL_OFFSET (39h) command description section) can
be used to trim out offset errors in the READ_IOUT command results, overcurrent warning and fault level
thresholds. The resolution of this command is 62.5 mA Offsets cannot be trimmed closer than half of this
amount. The range for this command is -4 A to 3.937 A. Calibrating offsets to a level greater than this is not
possible.

After IOUT_CAL_GAIN and IOUT_CAL_OFFSET parameters have been set, the IOUT_OC_WARN_LIMIT and
IOUT_OC_FAULT_LIMIT limit commands can be used to set the overcurrent warning and fault thresholds for the
device. There are two resolution limiting factors in setting the overcurrent thresholds.

e« |OUT_OC_WARN_LIMIT and IOUT_OC_FAULT_LIMIT commands
e Overcurrent DAC can result in lower resolution.
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The resolution available in the IOUT_OC_WARN_LIMIT and IOUT_OC_FAULT_LIMIT commands is 500 mA.
This limit is the absolute minimum adjustment that can be made to these thresholds.

The overcurrent detection is accomplished using a DAC to set the threshold and a comparator to sense when the
actual current level is above that threshold. The resolution of the DAC is 1.875 mV. The resistance of the current
sense element and this resolution determine the minimum adjustment that can be made to the overcurrent
warning and fault thresholds. That minimum adjustment is given in Equation 11.

1.875mV

lhoc =
Risns

* lsoc is the minimum change that can be made in the overcurrent warning or fault threshold

* Risns is the resistance of the current sensing element, either the inductor DC resistance or the resistance of
the current sense resistor used (11)

Combining these two resolution limits shows that for current sense elements with a resistance below 3.75 mQ,
the overcurrent resolution is given by Equation 11. For current sense element resistances above 3.75 mQ, the
overcurrent warning and fault resolution is 500 mA.

The TPS40400 device has built in temperature correction for the temperature coefficient of resistance for copper
wound inductors used as current sense elements. As the temperature of a copper wound inductor increases, its
resistance increases, resulting in a higher DC component of voltage across it for a given current. This leads to a
decrease in the current that would actually trip the overcurrent thresholds. The voltages that the device uses to
represent the overcurrent thresholds is automatically adjusted higher as the die temperature of the device
increases. The temperature coefficient for the increase of the thresholds is chosen close to the temperature
coefficient of copper at 4000 ppm/°C. The change in overcurrent threshold voltage from one temperature to
another is given in Equation 12.

VOCZ — Voc1 = (T2 — T1)X (1 + TCCU )>< Voc1

where
*  Vpe1 and Vo, are the overcurrent threshold voltages
e« T1 and T2 are the corresponding temperatures in °C
e Tccu is the temperature coefficient, 0.004 (12)

The change in overcurrent threshold voltages given in Equation 12 maintains the actual overcurrent trip points to
a near-constant level only if the die temperature of the device and the copper temperature of the inductor are
closely coupled. If the inductor copper temperature rises higher than the die temperature, the overcurrent
thresholds appears to decrease and vice versa.

Temperature compensation applied to the overcurrent thresholds must be considered. The threshold voltage
must not be or become greater (with the internal temperature compensation) than 110 mV referred to the voltage
at the ISNS pins. For instance, when a 10-mQ resistance inductor is used as the current sense element, a
current of 10 A causes a 100-mV DC level at the current sense pins. Initially, this is measurement is within the
bounds of the 110 mV limit of the device. However, the temperature compensation of the threshold inside the
device raises the effective threshold as the TPS40400 die temperature increases. For a 100°C increase in die
temperature, for example, the effective threshold crossed at the ISNS pins to trip an overcurrent is approximately
140 mV at the ISNS pins. The device cannot respond to this level and the result is a failure of the overcurrent
mechanism to respond at higher die temperatures. For a given maximum temperature defined by the
characteristics of the particular application, Equation 13 shows the maximum overcurrent setting that should be
made for the device.

VISNS(max)
Risns * ((Tuax —25)x (TCqy + 1))

Imax =

where
Imax is the maximum overcurrent threshold setting permissible (using the IOUT_OC_FAULT_LIMIT command)
in A
*  Visnsmay IS the maximum allowable voltage differential at the ISNS pins, 120 mV Rgys is the resistance of the
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current sensing element — either inductor or current sense resistor
¢ Tuax is the maximum junction temperature expected for the TPS40400 device in °C
e TCgy is the temperature coefficient of resistance for copper, 0.004 (13)

Figure 20 shows the variation described in Equation 13; the internal overcurrent threshold as the die temperature
increases. In this example, the designated maximum die temperature is 125°C. For the overcurrent threshold to
be valid at this temperature (110 mV or below), the maximum overcurrent threshold required using the
IOUT_OC_FAULT or IOUT_OC_WARN commands should correspond to no more than 75.7 mV. Equation 13
calculates the current level that achieves this threshold. If the maximum expected die temperature is less than
125°C, then the maximum 25°C overcurrent threshold increases accordingly.
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Figure 20. Internal Overcurrent Threshold Variation

7.3.7.4 Output Current Reading

The READ_IOUT command reports the average output current for the converter. The READ_IOUT command
can only report positive output current, that is current sourced from the converter. If the converter is sinking
current, this command results in a reading of 0 A. Another consideration is the amount of ripple voltage applied
to the ISNS pins when the DC voltage level is low (low or no output current). The TPS40400 device averages the
ripple voltage measurements when reporting the output current using the READ_IOUT command. Excessive
negative ripple voltage (Visns+ — Visns- < 0) at the ISNSx pins causes an error in the reported output current. To
ensure accurate readings, the differential voltage at these pins should not be allowed to exceed —45 mV.

7.3.7.5 Soft-Start Time

The TPS40400 device supports several soft-start times from 600 us to 9 ms selected by the TON_RISE PMBus
command. See the TON_RISE (61h) command description section for full details on the levels and
implementation. When selecting the soft-start time, consider the charging current for the output capacitors. In
some applications (for example, those with large amounts of output capacitance) this current can lead to
problems with nuisance tripping of the overcurrent protection circuitry. To avoid nuisance tripping, include the
output capacitor charging current when considering where to set the overcurrent threshold. Equation 14
calculates the output capacitor charging current.

Vout *Cout

lcap = "
ss

* lcap is the start-up charging current of the output capacitance in A

*  Vgyr is the output voltage of the converter in V

e Cgyur is the total output capacitance in F

e tgg is the selected soft-start time in seconds (14)

After calculating the charging current, calibrate the overcurrent threshold to the sum of the maximum load current

and the output capacitor charging current plus some margin. The amount of margin required depends on the
individual application, but 25% is a suggested starting point. More or less margin may be required.
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7.3.7.6 Power Good

The TPS40400 device includes user selectable power good thresholds. These thresholds determine the voltage
at which the PGOOD pin is allowed to go high and the associated PMBus flags are cleared. There are three
possible settings. See the POWER_GOOD_ON (5Eh) section and POWER_GOOD_OFF (5Fh) section
command descriptions for complete details. These commands establish symmetrical values above and below the
nominal voltage.

Values entered for each threshold should be the voltages corresponding to the threshold below the nominal
output voltage. For instance, if the nominal output voltage is 3.3 V, and the desired power good on thresholds are
+5%, the POWER_GOOD ON command is issued with 2.85 V as the desired threshold. The
POWER_GOOD_OFF command must be set to a lower value (higher percentage) than the POWER_GOOD_ON
command as well. The VOUT_SCALE_LOOP command must be set to approximately 0.1818 for these examples
to work correctly.

The FB pin measures the output voltage to detect the power state. With this method there is the inherent filtering
action provided by the compensation network connected from the COMP pin to the FB pin. As the output voltage
rises or falls below the nominal value, the error amplifier attempts to force FB to match its reference voltage.
When the error amplifier can no longer keep the feedback pin voltage equal to the reference voltage, the FB pin
voltage begins to drift away from the reference, and can eventually reach the power good threshold, at which
point power good signal is asserted. As a result, the network from the COMP pin to the FB pin should have no
purely resistive path.

Power good de-asserts during all start-up sequences, after any fault condition is detected, or whenever the
device is turned off or in a disabled state (OPERATION command or CNTL pin put the device into a disabled or
off state). The PGOOD pin acts as a diode to GND when the device has no power applied to the VDD pin.

7.3.7.7 Undervoltage Lockout (UVLO)

The TPS40400 device provides flexible user adjustment of the undervoltage lockout threshold and the hysteresis.
Two PMBus commands, VIN_ON and VIN_OFF commands allow the user to set these input voltage turn-on and
turn-off thresholds independently, with a 500-mV resolution from a minimum of 2.5-V turn-off threshold to a
maximum 18-V turn-on threshold. See the VIN_ON (35h) and VIN_OFF (36h) command description sections for
more details.

7.3.7.8 Output Overvoltage and Undervoltage Thresholds

The TPS40400 device has output overvoltage protection and undervoltage protection capability. The
comparators that measure the overvoltage conditions and undervoltage conditions use the FB pin as the output
sensing point so the filtering effect of the compensation network connected from the COMP pin to the FB pin has
an effect on the speed of detection. As the output voltage rises or falls below the nominal value, the error
amplifier attempts to force FB to match its reference voltage. When the error amplifier is no longer able to
accomplish this match, the FB pin begins to drift and trip the overvoltage threshold or the undervoltage threshold.
For this reason the network from the COMP pin to the FB pin should have no purely resistive path.

The VOUT_OV_FAULT_LIMIT and VOUT_UV_FAULT_LIMIT commands are used to set the output overvoltage
and undervoltage thresholds. There are four possible thresholds that can be set with the undervoltage and
overvoltage commands. See the VOUT_OV_FAULT_LIMIT (40h) and VOUT_UV_FAULT_LIMIT (44h) command
description sections for more details.

7.3.7.9 Programmable Fault Responses

For the various fault conditions, the TPS40400 device allows the user to select the fault response. The faults that
have programmable responses with the device are overcurrent (see the VOUT_OV_FAULT_RESPONSE (41h)
command description section), overtemperature, (see the OT_FAULT_RESPONSE (50h) command description
section), output overvoltage, (see the VOUT_OV_FAULT_RESPONSE (41h) command description section) and
output undervoltage, (see the VOUT_UV_FAULT_RESPONSE (45h) command description section). These
commands program the TPS40400 device response to the corresponding fault condition. Possible responses
include ignoring the fault, latching off and requiring a reset (either VDD power cycle or a toggling of the CNTL pin
and/or OPERATION command status) for the converter to restart. See the VOUT_OV_FAULT_LIMIT (40h) and
VOUT_UV_FAULT_LIMIT (44h) fault response command description section for details on what is available for
the specific command.
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7.3.7.10 User Data and Adjustable Anti-Cross-Conduction Delay

The TPS40400 device provides a MFR_SPECIFIC_00, command which functions as a scratchpad to store 14
bits of arbitrary data. These bits can represent anything that the user desires and can be stored in EEPROM for
non-volatility. Bit 0 of this command selects one of two dead-time settings for the device. The particular setting
required for a given application depends upon several values such as total MOSFET gate charge, MOSFET gate
resistance, PCB layout quality, temperature).

It is not possible to list specific rules as to when to use which setting, but generally, for MOSFETs with a gate
charge above 25 nC, consider a longer dead-time setting. The shorter dead-time setting allows higher efficiency
in applications where the MOSFETs are generally small and switch very quickly, but can also lead to minimum
amounts of cross conduction in applications with larger, slower switching MOSFETS.

Conversely, using the longer dead-time setting with smaller, faster switching MOSFETSs leads to excessive body
diode conduction in the low-side MOSFET, leading to a drop in converter efficiency. Bit 1 of this command
permanently locks certain parameters from being changed when set to 1. Use this setting with caution. For more
detail, see the MFR_SPECIFIC_00 (DOh) command description section.

7.4 Device Functional Modes

7.4.1 Continuous Conduction Mode

The TPS40400 device operates in continuous conduction mode (CCM) at a fixed frequency, regardless of the
output current.

7.4.2 Operation with CNTL Signal Control

According to the value in the ON_OFF_CONFIG register, the TPS40400 device can be commanded to use the
CNTL pin to enable or disable regulation, regardless of the state of the OPERATION command. The minimum
input high threshold for the CNTL signal is 2.1 V. The maximum input low threshold for the CNTL signal is 0.8 V.
The CNTL pin can be configured as either active high or active low (inverted) logic.

7.4.3 Operation with OPERATION Control

According to the value in the ON_OFF_CONFIG register, TPS40400 device can be commanded to use the
OPERATION command to enable or disable regulation, regardless of the state of the CNTL signal.

7.4.4 Operation with CNTL and OPERATION Control

According to the value in the ON_OFF_CONFIG register determines how regulation is enabled or disabled, this
device can be commanded to require both a signal on the CNTL pin, and the OPERATION command to enable
or disable regulation.

7.4.5 Operation without CNTL or OPERATION Control

According to the value in the ON_OFF_CONFIG register, this device can be commanded to convert power
whenever the sensed input voltage is above the programmed UVLO thresholds, VIN_ON and VIN_OFF.

7.4.6 Operation with Output Trim and Margin

The OPERATION command toggles the device between three states:
* Margin None

* Margin Low

* Margin High

In the margin none state, the feedback reference, VREF, is equal to the nominal 600-mV reference, plus any
offset defined by the VOUT_TRIM command. In the margin low state, a negative offset defined by the
VOUT_MARGIN_LOW command is applied to the feedback reference, moving the converter output voltage down
by an equivalent percentage. In the margin high state, a positive offset defined by the VOUT_MARGIN_HIGH
command is applied to the feedback reference, moving the converter output voltage up by an equivalent
percentage.
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7.5 Programming

7.5.1 Supported PMBus Commands

Table 2. Supported PMBus Commands Table

DEFAULT
CMD CODE COMMAND NAME COMMAND DESCRIPTION DEFAULT BEHAVIOR REGISTER
VALUE

Can be configured via
ON_OFF_CONFIG to be used to Margin None.

01h OPERATION turn the output on and off with or OPERATION does not 00h
without the CNTL pin. Also used to | control On/off.
control margin high and margin low.
Configures the combination of
CNTL pin input and OPERATION . .

02h ON_OFF_CONFIG command for turning the output on CNTL only. Active high 17h
and off
Clears all fault registers to 00h and .

03h CLEAR_FAULTS releases SMB_ALRT Write-only -

10h WRITE_PROTECT Used to control writing to the device AIIO.W writes to all 00h

- registers

Stores all current storable register

11h STORE_DEFAULT_ALL settings into EEPROM as new Write-only -
defaults

12h RESTORE_DEFAULT_ALL Restores all storable register Write-only -

- - settings from EEPROM

Stores individual register settings to .

13h STORE_DEFAULT_CODE EEPROM as new defaults Write-only -
Restores individual register from .

14h RESTORE_DEFAULT_CODE EEPROM as new defaults Write-only -

20h VOUT_MODE Read-only output mode indicator Linear. Exponent = -10 16h
Used to apply an offset to the output _

22h VOUT_TRIM voltage Vour(oftsy= 0 V 0000h
Used to apply a positive offset to

25h VOUT_MARGIN_HIGH the output voltage in the Margin 132V 0547h
High state
Used to apply a negative offset to

26h VOUT_MARGIN_LOW the output voltage in the Margin Low | 1.08 V 0451h
state
Sets the value of the feedback

29h VOUT_SCALE_LOOP divider ratio 0.5 B900h

33h FREQUENCY_SWITCH Sets the switching frequency 600 kHz 2813h
Sets the value of the input voltage

35h VIN_ON at which power conversion should 275V FOOBh
start
Sets the value of the input voltage

36h VIN_OFF at which power conversion should 25V FOOAh
stop

38h IOUT_CAL_GAIN Used to input the current sense 3mQ 8862h

- - element resistance in mQ

Used to null offsets in current sense

3%h IOUT_CAL_OFFSET measurements 0.0000 A EO000h
Sets the value of the sensed output

40h VOUT_OV_FAULT_LIMIT voltage which causes an over- 1.344V 0560h
voltage fault

41h VOUT OV FAULT RESPONSE Sets the converter response to an _Contlnug without 04h

- = - over-voltage fault interruption

Sets the value of the sensed output

44h VOUT_UV_FAULT_LIMIT voltage which causes an under- 1.056 V 043%9h
voltage fault
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Programming (continued)

Table 2. Supported PMBus Commands Table (continued)

DEFAULT
CMD CODE COMMAND NAME COMMAND DESCRIPTION DEFAULT BEHAVIOR REGISTER
VALUE

45h VOUT UV_FAULT RESPONSE Sets the converter response to an Continue without 04h
under-voltage fault interruption
Sets the value of the sensed output

46h IOUT_OC_FAULT_LIMIT current which causes an over- 10A F814h
current fault
Sets the converter response to an Continue without

47h IOUT_OC_FAULT_RESPONSE over-current fault interruption 04h
Sets the value of the sensed output

4Ah IOUT_OC_WARN_LIMIT current which causes an over- 75A F80Fh
current warning

50h OT_FAULT_RESPONSE Sets the converter response o an \/Sv::tr??gvnzlpae?gnz?:t?arltls by coh

- - over-temperature fault hysteresis

Sets the value of the output voltage

5Eh POWER_GOOD_ON at which the Power Good signal 1.104 VvV 046Ah
asserts high
Sets the value of the output voltage

5Fh POWER_GOOD_OFF at which the Power Good signal is 1.08V 0452h
de-asserted low

61h TON_RISE Sets the rise-time of the output 27 ms E02Bh
voltage at start-up
Returns one byte summarizing the

78h STATUS_BYTE most critical faults Read Only Current Status

79h STATUS_WORD Returns two bytes_ summarizing fault Read Only Current Status
and warning conditions
Returns one byte summarizing

7Ah STATUS_VOUT output voltage fault and warning Read Only Current Status
conditions
Returns one byte summarizing

7Bh STATUS_IOUT output current fault and warning Read Only Current Status
conditions
Returns one byte summarizing

7Dh STATUS_TEMPERATURE temperature fault and warning Read Only Current Status
conditions
Returns one byte summarizing

7Eh STATUS_CML communication, memory and logic Read Only Current Status
fault and warning conditions

88h READ_VIN Returns the input voltage in volts Read Only Current Status

8Bh READ_VOUT Returns the output voltage in volts Read Only Current Status
Returns the output current in

8Ch READ_IOUT Amperes Read Only Current Status

98h PMBUS_REVISION Retums the PMBus revision to PMBus version 1.1 11h
which the device complies
Describes the minimum input

AOh MFR_VIN_MIN voltage from which the device is 3V FOOCh
able to convert power
Describes the maximum input

Alh MFR_VIN_MAX voltage from which the device is 20V FO50h
able to convert power
Describes the minimum output

Adh MFR_VOUT_MIN voltage which the converter can 0.6V 0266h
supply
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Programming (continued)
Table 2. Supported PMBus Commands Table (continued)
DEFAULT
CMD CODE COMMAND NAME COMMAND DESCRIPTION DEFAULT BEHAVIOR REGISTER
VALUE
Describes the maximum output
A5h MFR_VOUT_MAX voltage which the converter can 12V 3000h
supply®
DOh MFR_SPECIFIC_00 User data, write protect extended, | 55,0 gy 0000h
and dead-time option selection
MFR_SPECIFIC_04 Used to apply an offset adjustment
D4h VOUT_CAL_OFFSET to READ_VOUT 0.0000 v 0000h
MFR_SPECIFIC_05 Used to apply a gain adjustment to
D5h VOUT_CAL_GAIN READ_VOUT 0.00 % CO00h
MFR_SPECIFIC_06 Used to apply an offset adjustment
Déh VIN_CAL_OFFSET to READ_VIN 0.0000 v D800h
MFR_SPECIFIC_07 Used to apply a gain adjustment to
D7h VIN_CAL_GAIN READ_VOUT 0.00 % CO00h
MFR_SPECIFIC_44 o i .
FCh DEVICE_CODE Identifies the device and revision. 0015h 0015h

(1) The maximum recommended output voltage, using the differential remote sense amplifier is limited to 5.5 V
7.6 Register Maps

7.6.1 OPERATION (01h)

The OPERATION command is used to turn the device output on or off in conjunction with the input from the
CONTROL pin. It is also used to set the output voltage to the upper or lower MARGIN voltages. The unit stays in
the commanded operating mode until a subsequent OPERATION command or a change in the state of the
CONTROL pin instructs the device to change operation modes.

Table 3. OPERATION (01h) Commands

COMMAND OPERATION
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riw r riw riw riw riw r r
Function ON X Margin X X
Default Value 0 0 o | o | o | o X X

7.6.1.1 On

This bit is an enable command to the converter.
« 0: output switching is disabled. Both drivers placed in an off or low state.

« 1: output switching is enabled. The device is allowed to begin power conversion assuming no fault conditions
exist.

7.6.1.2 Margin

If Margin Low is enabled, load the value from the VOUT_MARGIN_LOW command. If Margin High is enabled,
load the value from the VOUT_MARGIN_HIGH command. (See PMBus specification for more information)

* 00XX: Margin Off

* 0101: Margin Low (Ignore Fault)

e 0110: Margin Low (Act on Fault)

* 1001: Margin High (Ignore Fault)

* 1010: Margin High (Act on Fault)
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NOTE
The reference voltages used for overvoltage, undervoltage, and power good detection are
derived from the actual reference voltage in effect at the time. It is not possible to set a
margin to test for one of these fault conditions. To test for these conditions, force the FB
pin to a voltage that trips these fault conditions based on the current reference voltage.

From Margin Low (Act on Fault), output overvoltage (OV) events report in the STATUS registers, but regulation
continues, regardless of the VOUT_OV_FAULT_RESPONSE command settings. Output undervoltage faults
continue to cause the converter to respond according to the VOUT_UV_FAULT_RESPONSE command settings.

Likewise, from Margin High (Act on Fault), output undervoltage (UV) events report in the STATUS registers, but
regulation continues regardless of the VOUT_UV_FAULT_RESPONSE command settings. Output overvoltage
faults continue to cause the converter to respond according to the settings in the
VOUT_OV_FAULT_RESPONSE command.

7.6.2 ON_OFF_CONFIG (02h)

The ON_OFF_CONFIG command configures the combination of CNTL pin input and serial bus commands
needed to turn the unit on and off. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 4. ON_OFF_CONFIG (02h) Commands

COMMAND ON_OFF_CONFIG
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r riw riw riw riw r
Function X X X pu cmd cpr pol cpa
Default Value X X X 1 0 1 1 1

7.6.2.1 Pu

The pu bit sets the default to either operate any time power is present or for the on/off to be controlled by CNTL
pin and PMBus OPERATION command. This bit is used in conjunction with the 'cp’, ‘cmd’, and 'on' bits to
determine start up.

Table 5. Pu
BIT VALUE ACTION
0 Device powers up any time power is present regardless of state of the CNTL pin.

Device does not power up until commanded by the CNTL pin and OPERATION

1 command as programmed in bits [2:0] of the ON_OFF_CONFIG register.

7.6.22 Cmd
The cmd bit controls how the device responds to the OPERATION command.

Table 6. Cmd
BIT VALUE ACTION
0 Device ignores the “on” bit in the OPERATION command.
1 Device responds to the “on” bit in the OPERATION command.

7.6.2.3 Cpr

The cpr bit sets the CNTL pin response. This bit is used in conjunction with the ‘cmd’, 'pu’, and 'on' bits to
determine start up.
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Table 7. Cpr
BIT VALUE ACTION

0 Device ignores the CNTL pin. On/off is controlled only by the OPERATION command.

1 Device requires the CNTL pin to be asserted to start the unit.
7.6.2.4 Pol

The pol bit controls the polarity of the CONTROL pin. For a change to become effective, the contents of the
ON_OFF_CONFIG register must be stored to non-volatile memory using either the SOR_DEFAULT_ALL or
STORE_DEFAULT_CODE commands and the device power cycled. Simply writing a new value to this bit does
not change the polarity of the CNTL pin.

Table 8. Pol
BIT VALUE ACTION
0 CNTL pin is active low.
1 CNTL pin is active high.

7.6.25 Cpa

The cpa bhit sets the CNTL pin action when turning the device off. This bit is read internally and cannot be
modified by the user.

Table 9. Cpa
BIT VALUE ACTION
1 Turn off the output and stop transferring energy to the output as fast as possible.

7.6.3 CLEAR_FAULTS (03h)

The CLEAR_FAULTS command is used to clear any fault bits that have been set. This command clears all bits
in all status registers simultaneously. At the same time, the device negates (clears, releases) its SMBALERT
signal output if the device is asserting the SMBALERT signal. The CLEAR_FAULTS command does not cause a
unit that has latched off for a fault condition to restart. If the fault is still present when the bit is cleared, the fault
bit is immediately reset and the host notified by the usual means.

7.6.4 WRITE_PROTECT (10h)

The WRITE_PROTECT command is used to control writing to the PMBus device. The intent of this command is
to provide protection against accidental changes. This command is not intended to provide protection against
deliberate or malicious changes to the device configuration or operation. All supported command parameters
may have their parameters read, regardless of the WRITE_PROTECT settings. The contents of this register can
be stored to non-volatile memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 10. WRITE_PROTECT (10h) Commands

COMMAND WRITE_PROTECT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riw riw riw X X X X X
Function bit7 bité bit5 X X X X X
Default Value 0 0 0 X X X X X
Table 11. Bit5
BIT VALUE ACTION
0 Enable all writes as permitted in bit6é or bit7
1 Di_sable all _Writes except the WRI_TE_PROTECT, OPERATION and ON_OFF_CONFIG.
(bité and bit7 must be 0 to be valid data)
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Table 12. Bit6
BIT VALUE ACTION
0 Enable all writes as permitted in bit5 or bit7
1 Disable all writes except for the WRITE_PROTECT and OPERATION commands. (bit5
and bit7 must be 0 to be valid data)
Table 13. Bit7
BIT VALUE ACTION
0 Enable all writes as permitted in bit5 or bité
1 Disable all writes except for the WRITE_PROTECT command. (bit5 and bité must be 0
to be valid data)

In any case, only one of the three bits may be set at any one time. Attempting to set more than one bit results in
an alert being generated and the cml bit is STATUS_WORD being set.

7.6.,5 STORE_DEFAULT_ALL (11h)

The STORE_DEFAULT_ALL command stores all of the current storable register settings in the EEPROM
memory as the new defaults on power up.

It is permissible to use this command while the device is switching. Note however that the device continues to
switch but ignores all fault conditions until the internal store process has completed.

EEPROM programming faults cause the device to NACK and set the '‘cml' bit in the STATUS_BYTE and the 'oth'
bit in the STATUS_CML registers.

7.6.6 RESTORE_DEFAULT_ALL (12h)
The RESTORE_DEFAULT_ALL command restores all of the storable register settings from EEPROM memory.

Do not use this command while the device is actively switching. If this command is used during active switching,
the device stops switching the output drivers and the output voltage drops. Depending on loading conditions, the
output voltage could reach an undervoltage level and trigger an undervoltage fault response if programmed to do
so. The TPS40400 device will not prevent the user from issuing this command during regulation, but it is not
recommended as it results in a restart that could disrupt power sequencing requirements in more complex
systems. It is strongly recommended that the device be stopped before issuing this command.

NOTE
Issuing RESTORE_DEFAULT_ALL or RESTORE_DEFAULT_CODE to a device which
has latched-off due to a fault, causes the device to re-enter regulation immediately,
without necessitating a toggle of the CNTL signal or OPERATION ON bit.

7.6.7 STORE_DEFAULT_CODE (13h)

The STORE_DEFAULT_CODE command instructs the PMBus core to store the contents of the programming
register whose Command Code matches the value in the data byte into memory as the new default value.

Table 14. STORE_DEFAULT_CODE (13h) Commands

COMMAND STORE_DEFAULT_CODE
Bit Position 7 6 5 4 3 2 1 0
Access w w w w w w w w
Function Command code
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EEPROM programming faults cause the device to NACK and set the ‘cml’ bit in the STATUS_BYTE and the ‘oth’
bit in the STATUS_CML registers. It is permissible to use this command while the device is switching. Note
however that the device continues to switch but ignores all fault conditions until the internal store process has
completed.

It is permitted to use the STORE_DEFAULT _CODE command while the device is operating. However, the
device may be unresponsive during the copy operation with unpredictable, undesirable or even catastrophic
results. It is recommended to turn off the device output before issuing this command.

NOTE

Not all supported commands have non-volatile memory back-up. The user should avoid
issuing a STORE_DEFAULT_CODE or RESTORE_DEFAULT_CODE to commands
without non-volatile memory support. This situation can cause the device to become
unresponsive. The TPS40400 rejects STORE_DEFAULT_CODE or
RESTORE_DEFAULT_CODE attempts to unsupported or read-only registers, but does
not prevent the user from attempting to issue these commands to supported, writeable,
registers without non-volatile memory back-up, such as the OPERATION command.

7.6.8 RESTORE_DEFAULT_CODE (14h)

The RESTORE_DEFAULT_CODE command instructs the PMBus core to overwrite the programming register
whose Command Code matches the value in the data byte, with the default value.

Table 15. RESTORE_DEFAULT_CODE (14h) Commands

COMMAND RESTORE_DEFAULT_CODE
Bit Position 7 6 5 4 3 2 1 0
Access w w w w w w w w
Function Command code

The RESTORE_DEFAULT_CODE command should not be used while the device is switching because the
device stops switching and restarts. During the restart, the low-side driver turns on for an extended time period
and could damage loads that are sensitive to the power rail sinking current. If this is of no concern then the
command may be used while the device is switching.

NOTE

A  VIN_UV fault may be triggered when RESTORE_DEFAULT _ALL or
RESTORE_DEFAULT_CODE command is set. The firmware workaround is accomplished
by verifying that, upon completon of a RESTORE_DEFAULT ALL or
RESTORE_DEFAULT_CODE command, the sole source asserting SMB_ALERT is
STATUS_BYTEJ3] (VIN_UV). If so, issue a CLEAR_FAULTS command. Any other source
asserting SMB_ALERT wunder these circumstances (that is, completion of
RESTORE_DEFAULT_ALL or RESTORE_DEFAULT_CODE) would indicate an actual
fault condition.

7.6.9 VOUT_MODE (20h)

The PMBus specification dictates that the data word for the VOUT_MODE command is one byte that consists of
a 3-bit mode and 5-bit exponent parameter, as shown below. The 3-bit mode sets whether the device uses the
Linear or Direct modes for output voltage related commands. The 5-bit parameter sets the exponent value for the
linear data mode. The mode and exponent parameters are set and do not permit the user to change the values.
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Table 16. VOUT_MODE (20h) Commands
COMMAND VOUT_MODE

Bit Position 7 6 5 4 3 2 1 0

Access r r r r r r r r

Function Mode Exponent

Default Value 0 ‘ 0 ‘ 0 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0
7.6.9.1 Mode

Value fixed at 000, linear mode.

7.6.9.2 Exponent

Value fixed at 11011, Exponent for Linear mode values is —10.

7.6.10 VOUT_TRIM (22h)

The VOUT_TRIM command is used to apply a fixed offset voltage to the output voltage command value. It is
most typically use by the end user to trim the output voltage at the time the PMBus device is assembled into the
end user system. It is vital that the VOUT_SCALE_LOOP comand is set correctly in order to obtaining correct
results. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

The effect of this command is determined by the settings of the VOUT_MODE command. In this device, the
VOUT_MODE is fixed to Linear with an exponent of —10 (decimal).
-10

VOUT(OffSt) = VOUT_TR'MX 2 (15)
The maximum value of Voyrfisty is £25% of nominal VOUT. Nominal Voyr is set by external resistors and the
600 mV error amplifier reference. The valid range in 2s complement for this command is —4000h to 3FFF. The
high order two bits of the high byte must both be either 0 or 1. They cannot have different values. If a value
outside of the £25% is given with this command, the TPS40400 device sets the output voltage to the upper or
lower limit depending on the direction of the setting, assert SMBALRT, set the CML bit in STATUS_BYTE and
the invalid data bit STATUS_CML.

Table 17. VOUT_TRIM (22h) Commands

COMMAND VOUT_TRIM

Format Linear, two’s complement binary

Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access riw r® riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte

Detault o o] ol o] olo|o|lo|]o| o] o] o o] o o]l o

(1) Bits are sign extend only and are not otherwise programmable.

7.6.11 VOUT_MARGIN_HIGH (25h)

The VOUT_MARGIN_HIGH command sets the target voltage which the output changes to when the
OPERATION command is set to "Margin High". The contents of this register can be stored to non-volatile
memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

The effect of this command is determined by the settings of the VOUT_MODE command. In this device, the
VOUT_MODE is fixed to Linear with an exponent of —10 (decimal). The actual output voltage commanded by a
margin high command can be found by:

Vout(mH) = (VOUT _MARGIN _HIGH + VOUT _TRIM)x 2710 ”
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The maximum margin range is £25% of nominal VOUT. Nominal VOUT is set by external resistors and a 600 mV
error amplifier reference and does not include the offset generated by VOUT_TRIM. It is critical that the correct
value be programmed into VOUT_SCALE_LOOP for the correct margin value to be calculated. Error checking is
not performed when the VOUT_MARGIN_HIGH command is issued. The error checking is done when the
OPERATION command is issued calling for a margin high state. At that time, values outside the +25% range is
treated as invalid data and causes the set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the
STATUS_CML registers. The output voltage is then set to to the upper or lower limit depending on the direction
of the setting. The device state can be restored to power up defaults by issuing either the
RESTORE_DEFAULT_ALL or RESTORE_DEFAULT_CODE commands.

Table 18. VOUT_MARGIN_HIGH (25h) Commands

COMMAND VOUT_MARGIN_HIGH
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Default Value o]l o JoJo] o] a2]lo]l 1 lo]l1] o ]o]o] 1]1]1

The default value of VOUT_MARGIN_HIGH is 0x547 or 1351. This corresponds to a default margin high voltage
of 1.32 V with the default VOUT_SCALE_LOOP value of 0.5 and external resistor selection to give 1.2 V nominal
output voltage.

7.6.12 VOUT_MARGIN_LOW (26h)

The VOUT_MARGIN_LOW command sets the target voltage which the output changes to when the
OPERATION command is set to "Margin Low". The contents of this register can be stored to non-volatile
memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

The effect of this command is determined by the settings of the VOUT_MODE command. In this device, the
VOUT_MODE s fixed to Linear with an exponent of —10 (decimal). The actual output voltage commanded by a
margin high command can be found by:

Voutm) = (VOUT _MARGIN_LOW +VOUT _TRIM)x 2" 1° an
The maximum margin range is £25% of nominal VOUT. Nominal VOUT is set by external resistors and a 600 mV
error amplifier reference and does not include the offset generated by VOUT_TRIM. It is critical that the correct
value be programmed into VOUT_SCALE_LOORP for the correct margin value to be calculated. Error checking is
not performed when the VOUT_MARGIN_LOW command is issued. The error checking is done when the
OPERATION command is issued calling for a margin high state. At that time, values outside the £25% range is
treated as invalid data and causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd)
bit in the STATUS_CML registers. The output voltage is then set to the upper or lower limit depending on the
direction of the setting. The device state can be restored to power up defaults by issuing either the
RESTORE_DEFAULT_ALL or RESTORE_DEFAULT_CODE commands.

Table 19. VOUT_MARGIN_LOW (26h) Commands

COMMAND VOUT_MARGIN_LOW
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Default Value o oo ]JofJo]a]lololo]ar1]o]1]o]o]o]oa:
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The default value of VOUT_MARGIN_LOW is 0x451 or 1105. This corresponds to a default margin high voltage
of 1.08 V with the default VOUT_SCALE_LOOP value of 0.5 and external resistor selection to give 1.2 V nominal
output voltage.

7.6.13 VOUT_SCALE_LOOP (29h)

VOUT_SCALE_LOORP is equal to the feedback resistor ratio. The nominal output voltage is set by a resistor
divider and the internal 600mV reference voltage. The default value of VOUT_SCALE_LOORP is 0.5 meaning that
the reference voltage is one half of the output voltage. The contents of this register can be stored to non-volatile
memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

The correct setting for the VOUT_SCALE_LOOP parameter is shown in Equation 18.

VOUT _SCALE _LOOP = Ve
OUT(nom) (18)

It is important that this parameter is set correctly because it has an effect on several other parameters. Any
parameter that operates on or reports output voltage depends on the correct setting of this parameter for correct
results to be obtained.

Table 20. VOUT_SCALE_LOOP (29h) Commands

COMMAND VOUT_SCALE_LOOP
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r riw riw riw riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1 ol 1] 1]2]lolo[1]o]lo]olo]o]o]o]o

7.6.13.1 Exponent
Value fixed at -9 (dec).

7.6.13.2 Mantissa

Default value is 256 (dec). When combined with the exponent, the overall value of VOUT_SCALE_LOOP is 0.5
(dec). The maximum value for the mantissa is 512 for a VOUT_SCALE_LOOP value of 1.

7.6.14 FREQUENCY_SWITCH (33h)

The FREQUENCY_SWITCH command sets the switching frequency. TPS40400 device only supports
frequencies from 200 kHz to 2 MHz. Values written within the supported frequency range is rounded up to the
nearest supported increment. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.
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There are 14 distinct supported frequencies:

. 200 kHz
« 300 kHz
« 400 kHz
« 500 kHz
« 600 kHz (default)
« 700 kHz
« 800 kHz
« 900 kHz
« 1.0 MHz
e 1.2 MHz
« 1.4 MHz
« 1.6 MHz
« 1.8 MHz
« 1.9 MHz

The data word that accompanies this command is divided into a fixed 5-bit exponent and an 11-bit mantissa. The
5 most significant bits of the mantissa are fixed, while the lower six bits may be altered.

Table 21. FREQUENCY_SWITCH (33h) Commands

COMMAND FREQUENCY_SWITCH
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r riw riw riw riw riw riw
Function Exponent Mantissa
Default Value o o[ 1 lof1]o]loJo]o]lo]o]1]o]o]z1]1

7.6.14.1 Exponent
Fixed at 5(dec)

7.6.14.2 Mantissa

The upper five bits are fixed at 0.
The lower six bits are writeable with a default value of 19 (dec).

7.6.15 VIN_ON (35h)

The VIN_ON command sets the value of the input voltage at which the unit should start operation assuming all
other required start-up conditions are met. Values are mapped to the nearest supported increment. Values
outside the supported range are treated as invalid data and cause the device set the CML bit in the
STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML registers. The value of VIN_ON remains
unchanged on an out-of-range write attempt. The contents of this register can be stored to non-volatile memory
using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 22. Supported VIN_ON Values

SUPPORTED VIN_ON VALUES
2.750 6.50 10.50 14.50
3.00 7.00 11.00 15.00
3.50 7.50 11.50 15.50
4.00 8.00 12.00 16.00
4.50 8.50 12.50 16.50
5.00 9.00 13.00 17.00

(1) Default setting
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Table 22. Supported VIN_ON Values (continued)
SUPPORTED VIN_ON VALUES
5.50 9.50 13.50 17.50
6.00 10.00 14.00 18.00

VIN_ON must be set higher than VIN_OFF. Attempting to write either VIN_ON lower than VIN_OFF or VIN_OFF
higher than VIN_ON results in the new value being rejected, SMBALERT being asserted along with the CML bit
in STATUS_BYTE and the invalid data bit in STATUS_CML.

The data word that accompanies this command is divided into a fixed 5-bit exponent and an 11-bit mantissa. The
four most significant bits of the mantissa are fixed, while the lower 7 bits may be altered.

Table 23. VIN_ON (35h) Commands

COMMAND VIN_ON
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 11112 ]o]lolo]o]lo]o]o]lo]1]o]1]1

7.6.15.1 Exponent
—2 (dec), fixed.

7.6.15.2 Mantissa

The upper four bits are fixed at 0.
The lower seven bits are programmable with a default value of 11 (dec).

7.6.16 VIN_OFF (36h)

The VIN_OFF command sets the value of the input voltage at which the unit should stop operation. Values are
mapped to the nearest supported increment. Values outside the supported range is treated as invalid data and
causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML
registers. The value of VIN_ON remains unchanged during an out-of-range write attempt. The contents of this
register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE
commands.

Table 24. Supported VIN_OFF Values

SUPPORTED VIN_OFF VALUES

2500 6.50 10.50 14.50
3.00 7.00 11.00 15.00
3.50 7.50 11.50 15.50
4.00 8.00 12.00 16.00
450 8.50 12.50 16.50
5.00 9.00 13.00 17.00
5.50 9.50 13.50 17.50
6.00 10.00 14.00

(1) Default setting

VIN_ON must be set higher than VIN_OFF. Attempting to write either VIN_ON lower than VIN_OFF or VIN_OFF
higher than VIN_ON resultx in the new value being rejected, SMBALERT being asserted along with the CML bit
in STATUS_BYTE and the invalid data bit in STATUS_CML.

The data word that accompanies this command is divided into a fixed 5 bit exponent and an 11 bit mantissa. The
4 most significant bits of the mantissa are fixed, while the lower 7 bits may be altered.
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Table 25. VIN_OFF (36h) Commands
COMMAND VIN_OFF
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1 11 12]olololo]o]o]oJo[]1][]o]1]o

7.6.16.1 Exponent
-2 (dec), fixed.

7.6.16.2 Mantissa

The upper four bits are fixed at 0.
The lower seven bits are programmable with a default value of 10 (dec)

7.6.17 10UT_CAL_GAIN (38h)

The IOUT_CAL_GAIN is the ratio of the voltage at the current sense element to the sensed current. The units
are Ohms (Q). The effective current sense element can be the DC resistance of the inductor or a separate
current sense resistor. The default setting is 3 mQ, and the resolution is 30.5 pQ. The range is 0 to 15.6 mQ. The
contents of this register can be stored to non-volatie memory using the STORE_DEFAULT ALL or
STORE_DEFAULT_CODE commands.

Table 26. IOUT_CAL_GAIN (38h) Commands

COMMAND IOUT_CAL_GAIN
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r riw riw riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1 Jololol1]lololo]o]ar]1]o]of]o]1]o

7.6.17.1 Exponent
—15 (dec), fixed.

7.6.17.2 Mantissa

The upper four bits are fixed at 0.
The lower seven bits are programmable with a default value of 98 (dec)

7.6.18 10UT_CAL_OFFSET (39h)

The IOUT_CAL_OFFSET is used to compensate for offset errors in the READ_IOUT results and the
IOUT_OC_FAULT_LIMIT and IOUT_OC_WARN_LIMIT thresholds. The units are amps. The default setting is 0
amps. The resolution of the argument for this command is 62.5 mA and the range is +3937.5mA to -4000 mA.
Values written outside of this range alias into the supported range. For example, 1110 0100 0000 0001 has an
expected value of —63.0625 amps, but results in 1110 0111 1111 0001 which is —0.9375 A. This occurs because
the read-only bits are fixed. The Exponent is always —4 and the 5 msb bits of the Mantissa are always equal to
the sign bit. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL
or STORE_DEFAULT_CODE commands.

36 Submit Documentation Feedback Copyright © 2011-2016, Texas Instruments Incorporated
Product Folder Links: TPS40400


http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.ti.com
http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS930D&partnum=TPS40400

13 TEXAS

INSTRUMENTS
TPS40400
www.ti.com SLUS930D —APRIL 2011 —REVISED NOVEMBER 2016
Table 27. IOUT_CAL_OFFSET (39h) Commands
COMMAND IOUT_CAL_OFFSET
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r riw r r r r riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1121 ]ololololo]o]o]o]o]of]o]o]o

7.6.18.1 Exponent
—4 (dec), fixed.

7.6.18.2 Mantissa

MSB is programmable with sign, next 4 bits are sign extend only.
Lower six bits are programmable with a default value of O (dec)

7.6.19 VOUT_OV_FAULT_LIMIT (40h)

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage that causes an output overvoltage
fault. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

The effective value of this command is determined by the settings of the VOUT_MODE command. In this device,
the VOUT_MODE is fixed to Linear with an exponent of —10 (decimal) so the effective overvoltage trip point
requested is:
-10
VouTt(ov_req) = YOUT _OV _FAULT _LIMIT x 2 (19)
The VOUT_OV_FAULT_LIMIT has two data bytes formatted as 2's complement binary integer. The actual values
for the VOUT_ OV_FAULT_LIMIT trip point are set to fixed percentages of nominal Vqr. There are four fixed
percentages of the nominal Vgt that are supported for overvoltage trip points.

e 108%
e 110%
e 112% (default)
e 115%

For example, for a 1.2V nominal output, VOUT_OV_FAULT_LIMIT can be set to 1.296 V, 1.32 V, 1.344 V or
1.38 V. Values within the supported range is set to the nearest fixed percentage. It is critical that the correct
value be programmed into VOUT_SCALE_LOOP for the correct overvoltage fault trip point to be calculated.
Values outside the supported range results in the corresponding extreme value to be selected. No error
conditions are reported

Table 28. VOUT_OV_FAULT_LIMIT (40h) Commands

COMMAND VOUT_OV_FAULT_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Default Value oo o lolo|l1]lo]l1]lo]1]1]o]o]o]o]o

7.6.20 VOUT_OV_FAULT_RESPONSE (41h)

Description: The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in
response to a VOUT_OV_FAULT_LIMIT fault. The device also:

» Sets the VOUT_OV bit in the STATUS_BYTE

+ Sets the VOUT bit in the STATUS_WORD

* Sets the VOUT_OV fault bit in the STATUS_VOUT register, and

Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 37
Product Folder Links: TPS40400


http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.ti.com
http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS930D&partnum=TPS40400

13 TEXAS
INSTRUMENTS
TPS40400

SLUS930D —APRIL 2011-REVISED NOVEMBER 2016 www.ti.com

* Notifies the host via SMBALRT pin

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

A one-byte unsigned binary data argument is used with this command:

Table 29. VOUT_OV_FAULT_RESPONSE (41h) Commands

COMMAND VOUT_OV_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3
Access W riw riw riw riw
Function RSP[1] RSP[0] RS[2] RS[1] RS[0]
Default Value 0 0 0 0 0

7.6.20.1 RSP[1:0]

Output voltage overvoltage response
00: The device continues operation without interruption.

01: The device continues operation for four switching cycles. If the fault is still present, the device shuts
down and responds according to RS[2:0].

10: The device shuts down and responds according to RS[2:0].
11: The device shuts down and attempts to restart.

7.6.20.2 RS[2:0]

Output voltage overvoltage retry setting

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal start-up (soft-start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted.

7.6.21 VOUT_UV_FAULT_LIMIT (44h)

The VOUT_UV_FAULT_LIMIT command sets the value of the output voltage that causes an output undervoltage
fault. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

The effective value of this command is determined by the settings of the VOUT_MODE command. In this device,
the VOUT_MODE is fixed to Linear with an exponent of —10 (decimal) so the effective overvoltage trip point
requested is:
-10
VouTv _req) = VOUT _UV _FAULT _LIMIT x2 (20)
The VOUT_UV_FAULT_LIMIT has two data bytes formatted as two's complement binary integer. The actual
values for VOUT_ UV_FAULT_LIMIT trip point are set to fixed percentages of nominal VOUT. There are four
fixed percentages of Vgt that are supported for overvoltage trip points.

e 92%

* 90%

» 88% (default)

e 85%
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For example, for a 1.2 V nominal output, VOUT_UV_FAULT_LIMIT can be set to 1.104 V, 1.08 V, 1.056 V or
1.02 V. Values within the supported range are set to the nearest fixed percentage. It is critical that the correct
value be programmed into VOUT_SCALE_LOOP for the correct overvoltage fault trip point to be calculated.
Values outside the supported range results in the corresponding extreme value to be selected. No error
conditions are reported.

The VOUT_UV_FAULT_LIMIT command has two bytes formatted as a two’s compliment binary integer:

Table 30. VOUT_UV_FAULT_LIMIT (44h) Commands

COMMAND VOUT_UV_FAULT_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Default Value oo oo ]Jo]1]o]lolo]o]1]1]1]o0]o0]21

7.6.22 VOUT_UV_FAULT_RESPONSE (45h)

The VOUT_UV_FAULT_RESPONSE command instructs the device on what action to take in response to a
VOUT_UV_FAULT_LIMIT fault. The device also:

» Sets the VOUT bit in the STATUS_WORD

» Sets the VOUT UV Fault bit in the STATUS_VOUT register, and

* Notifies the host via SMBALRT pin

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

A one-byte unsigned binary data word is used with this command:

Table 31. VOUT_UV_FAULT_RESPONSE (45h) Commands

COMMAND VOUT_UV_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riw riw riw riw riw r r r
Function RSP[1] | RSP[0] | RS[2] RS[1] RS[0] X X
Default Value 0 0 0 0 0 1 0 0

7.6.22.1 RSP[1:0]

Output voltage undervoltage response
00: The device continues operation without interruption.

01: The device continues operation for four switching cycles. If the fault is still present, the device shuts
down and responds according to RS[2:0].

10: The device shuts down and responds according to RS[2:0].
11: The device shuts down and attempts to restart.

7.6.22.2 RS[2:0]

Output voltage undervoltage retry setting

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal start-up (soft-start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.
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Any value other than 000 or 111 is not accepted.

7.6.23 10UT_OC_FAULT_LIMIT (46h)

The IOUT_OC_FAULT_LIMIT command sets the value of the output current, in amperes, that causes the over-
current detector to indicate an over-current fault condition. The IOUT_OC_FAULT_LIMIT should be set to equal
to or greater than the IOUT_OC_WARN_LIMIT. Writing a value to IOUT_OC_FAULT_LIMIT less than
IOUT_OC_WARN_LIMIT causea the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd)
bit in the STATUS_CML registers as well as assert the SMBALRT signal. The contents of this register can be
stored to non-volatile memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

The IOUT_OC_FAULT_LIMIT takes a two-byte data word formatted as follows:

Table 32. IOUT_OC_FAULT_LIMIT (46h) Commands

COMMAND IOUT_OC_FAULT_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1 111212l o0o]lo]o]o]o]o]1]o]1]o]o

7.6.23.1 Exponent
-1 (dec), fixed.

7.6.23.2 Mantissa

The upper five bits are fixed at 0.
The lower six bits are programmable with a default value of 20 (dec)

The actual output current for a give mantissa and exponent is shown in Equation 21.
2Exponent _ Mantlssa
2 (21)

The default output fault current setting is 10 A. Values of loyr) can range between 0 A and 35 A in 500-mA
increments.

IOUT(OC) = Mantissa X

7.6.24 |IOUT_OC_FAULT_RESPONSE (47h)

The IOUT_OC_FAULT_RESPONSE command instructs the device on what action to take in response to an
IOUT_OC_FAULT_LIMIT fault. The device also:

e Sets the IOUT_OC bit in the STATUS_BYTE

« Sets the IOUT/POUT bit in the STATUS_WORD

e Sets the IOUT OC Fault bit in the STATUS_IOUT register, and

* Notifies the host as described in section 10.2.2 of the PMBus Specification.

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

Table 33. IOUT_OC_FAULT_RESPONSE (47h) Commands

COMMAND IOUT_OC_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riw riw riw riw riw r r r
Function RSP[1] | RSP[0] RS[2] RS[1] RS[0] X
Default Value 0 0 0 0 0 1 0 0
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7.6.24.1 RSP[1:0]

00: The device continues operation without interruption

01: This is unsupported and causes a data error.

10: The device continues operation for four switching cycles. If the fault is still present, the device shuts
down and responds according to RS[2:0].

11: The device shuts down and attempts to restart.

7.6.24.2 RS[2:0]

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal start-up (soft-start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted.

7.6.25 IOUT_OC_WARN_LIMIT (4Ah)

The IOUT_OC_WARN_LIMIT command sets the value of the output current, in amperes, that causes the over-
current detector to indicate an over-current warning. When this current level is exceeded the device:

» Sets the OTHER bit in the STATUS_BYTE

» Sets the OCW bit in the STATUS_WORD

» Sets the IOUT overcurrent Warning (OCW) bit in the STATUS_IOUT register, and

* Notifies the host by asserting SMBALRT

The 10UT_OC WARN_LIMIT threshold should always be set to less than or equal to the
IOUT_OC_FAULT_LIMIT. Writing a value to IOUT_OC_WARN_LIMIT greater than IOUT_OC_FAULT_LIMIT
causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML

registers as well as assert the SMBALRT signal. The contents of this register can be stored to non-volatile
memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

The IOUT_OC_WARN_LIMIT takes a two byte data word formatted as follows:

Table 34. IOUT_OC_WARN_LIMIT (4Ah) Commands

COMMAND IOUT_OC_WARN_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 1 112212l olololo]o]o]o]a1][1][1]1

7.6.25.1 Exponent
-1 (dec), fixed

7.6.25.2 Mantissa

The upper five bits are fixed at 0.
Lower six bits are programmable with a default value of 15 (dec)

The actual output warning current level for a give mantissa and exponent is:
Mantissa

I = Mantissa x 25XPonent _
OUT(oc) : )
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The default output fault current setting is 10A. Values of Ioyree can range from 0 A to 35 A in 500 mA
increments. The default output warning current setting is 7.5A.

7.6.26 OT_FAULT_RESPONSE (50h)

The OT_FAULT_RESPONSE command instructs the device on what action to take in response to an output over
temperature fault. The temperature sensed is the die temperature of the TPS40400 device only. No other
temperature sensors are provided. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands. The OT_FAULT_LIMIT parameter is not
programmable and is therefore not supported in the PMBus command set. When an over temperature fault
condition is sensed, the device:

» Sets the TEMPERATURE bit in the STATUS_BYTE

e Sets the OT FAULT bit in the STATUS_TEMPERATURE register, and

* Notifies the host by asserting the SMBALRT signal
A one-byte unsigned binary data word is used with this command:

Table 35. OT_FAULT_RESPONSE (50h) Commands

COMMAND OT_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r riw r r r r r r
Function X OTF_RS X X X X
Default Value 1 1 0 0 0 0 0 0

7.6.26.1 OTF_RS

Over temperature fault retry setting
0: A zero value for the Retry setting indicates that the unit does not attempt to restart.

1: A one value for the Retry setting indicates that the unit goes through a normal start-up (soft-start)
when the die temperature falls below the hysteresis band limit. (See the Electrical Characteristics
table).

7.6.27 POWER_GOOD_ON (5Eh)

The POWER_GOOD_ON command sets the value of the output voltage at which the PGOOD output pin (open
drain) is asserted high. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands. The actual implementation is a window
comparator with symmetrical thresholds above and below the nominal. This command sets both the upper and
lower power good threshold at the same time. The parameter passed with this command is always the lower
threshold (less than the nominal output) and is mapped to the closest supported percentages of the nominal
output voltage inTable 36.

Table 36. Supported POWER_GOOD_ON Levels

THRESHOLD
LOW HIGH
95% 105%
929 M 108%
90% 110%
(1) Default value
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For example, with a 1.2 V nominal output voltage, the POWER_GOOD_ON command can set the lower
threshold to 1.14 V, 1.104 V or 1.08 V. Doing this automatically sets the upper thresholds to 1.26 V, 1.296 V and
1.32 V respectively.

The effective value of this command is determined by the settings of the VOUT_MODE command. In this device,
the VOUT_MODE is fixed to Linear with an exponent of —10 (decimal) so the effective lower power good turn on
threshold requested is:

VoutPeoon_on) = POWER_GOOD _ONx 21 23
The nominal output voltage is set by external resistors and a 600-mV error amplifier reference. It is critical that
the correct value be programmed into VOUT_SCALE LOOP in order to correctly select the desired
POWER_GOOD_ON threshold.

Normally, the POWER_GOOD_ON threshold is set higher than the POWER_GOOD_OFF threshold. If the
POWER_GOOD_ON threshold is set to a value equal to or less than the POWER_GOOD_OFF threshold, the
device:

e Sets the CML bit in the STATUS_BYTE

» Sets the Invalid data bit in STATUS_CML

* Notifies the host via SMBALRT pin

It is the user's responsibility to ensure that the chosen POWER_GOOD_ON and POWER_GOOD_OFF
thresholds are reasonable with respect to each other. For values written outside the supported ranges are
ACK'ed but causes the SMBALRT line to assert and the CML bit to be set in the STATUS_WORD. The invalid
data bit is also set in the STATUS_CML results. The actual POWER_GOOD_ON threshold is set to the nearest
supported extreme value. For instance, with VOUT_SCALE_LOOP set to 0.5 for a typical 1.2-V output supply,
setting POWER_GOOD_ON to 0.5 results in the threshold being set to the 90% value.

The POWER_GOOD_ON command has two data bytes formatted as two’'s complement binary integer:

Table 37. POWER_GOOD_ON Commands

COMMAND POWER_GOOD_ON
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw | riw | riw | riw | riw | rlw | riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Defaultvale | 0 [ o [ o J oo 1] ofo] o 1] 1] o] 2] 0] 1]o0

The default value sets the power good turn on threshold to 1.1035V which maps to the 92% low threshold and
108% high threshold.

7.6.28 POWER_GOOD_OFF (5Fh)

The POWER_GOOD_OFF command sets the value of the output voltage at which the PGOOD output pin (open
drain output) is de-asserted low. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands. The actual implementation is a window
comparator with symmetrical thresholds above and below the nominal. This command sets both the upper and
lower power good threshold at the same time. The parameter passed with this command is always the lower
threshold (less than the nominal output) and is mapped to the closest supported percentages of the nominal
output voltage below:

Table 38. Supported POWER_GOOD_OFF Levels

SUPPORTED POWER_GOOD_OFF LEVELS
LOW THRESHOLD HIGH THRESHOLD

92%

108%

90% @

110%

88%

112%

(1) Default value
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For example, with a 1.2 V nominal output voltage, the POWER_GOOD_OFF command can set the lower
threshold to 1.104 V, 1.0 8V or 1.056 V. Doing this automatically sets the upper thresholds to 1.296 V, 1.32 V
and 1.344 V respectively.

The effective value of this command is determined by the settings of the VOUT_MODE command. In this device,
the VOUT_MODE is fixed to Linear with an exponent of —10 (decimal) so the effective lower power good turn on
threshold requested are:

VouT(PGOOD _OFF) = POWER_GOOD_OFFxZ‘10 (24)
The nominal output voltage is set by external resistors and a 600 mV error amplifier reference. It is critical that
the correct value be programmed into VOUT_SCALE_LOOP for the correct POWER_GOOD_ON threshold to be
selected.

Normally, the POWER_GOOD_ON threshold is set higher than the POWER_GOOD_OFF threshold. If the
POWER_GOOD_ON threshold is set to a value equal to or less than the POWER_GOOD_OFF threshold, the
device:

e Sets the CML bit in the STATUS_BYTE

» Sets the Invalid data bit in STATUS_CML

* Notifies the host via SMBALRT pin

It is the user's responsibility to make sure that chsen POWER_GOOD_ON and POWER_GOOD_OFF thresholds
are reasonable with respect to each other. For values written outside the supported ranges are ACK'ed but
cause the SMBALRT line to assert and the CML bit to be set in the STATUS_WORD. The invalid data bit is also
set in the STATUS _CML results. The actual POWER_GOOD_OFF threshold is set to the nearest supported
extreme value. For instance, with VOUT_SCALE_LOOP set to 0.5 for a typical 1.2-V output supply, setting
POWER_GOOD_OFF to 0.5 results in the threshold being set to the 88% value.

The POWER_GOOD_OFF command has two data bytes formatted as two's complement binary integer:

Table 39. POWER_GOOD_OFF (5Fh) Commands

COMMAND POWER_GOOD_OFF
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r riw | riw | riw | riw | riw | rlw | riw riw riw riw riw riw riw riw riw
Function High Byte Low Byte
Defaultvale | 0 [ o | o J oo 1] ofo] o] 1] o] 1] o] o] 1]o0

The default value sets the power good turn off threshold to 1.08 V which maps to the 90% low threshold and
108% high threshold.

7.6.29 TON_RISE (61h)

The TON_RISE command sets the time in ms, from when the output starts to rise until the voltage has entered
the regulation band. There are several discreet settings that this command supports. Commanding a value other
than one of these values results in the nearest supported value being selected.

The supported TON_RISE times over PMBus are as follows. Note that the actual soft-start time is longer than
the entered value. Typically the nominal value seen in operation is approximately 15% longer that the time
entered.

e 600 ps

e 900 ps

* 12ms

* 18ms

e 2.7 ms (default value)

* 42ms

* 6.0ms

* 90ms
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A value of 0 ms instructs the unit to bring its output voltage to the programmed regulation value as quickly as
possible. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE commands.

The TON_RISE command is formatted as a linear mode two’s complement binary integer.

Table 40. TON_RISE (61h) Commands

COMMAND TON_RISE
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r riw riw riw riw riw riw riw riw r/w
Function Exponent Mantissa
Defautvalue | 1 [ 2 | 1 [ o[ oo oo o] o 1] o] 1] o] 1]21

7.6.29.1 Exponent
—4 (dec), fixed.

7.6.29.2 Mantissa

The upper two bits are fixed at 0.

The lower five bits are programmable with a default value of 43 (dec)
7.6.30 STATUS_BYTE (78h)

The STATUS BYTE command returns one byte of information with a summary of the most critical device faults.
For TPS40400 device, 4 fault bits is flagged in this particular command: output over-voltage, output over-current,
over-temperature, and output under-voltage. The STATUS_BYTE reports communication faults in the CML bit.
Other communication faults set the NONE OF THE ABOVE bit.

Table 41. STATUS_BYTE (78h) Commands

COMMAND STATUS_BYTE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function X OFF | VOUT_OV | IOUT_OC VIN_UV TEMPERATURE | CML NONE OF THE ABOVE
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

OFF:

The device is not providing power to the output, regardless of the reason. In the TPS40400 device,
this flag means that the converter is not enabled.

VOUT_OV:

An output overvoltage fault has occurred.
IOUT_OC:

An output over current fault has occurred.
VIN_UV:

An input undervoltage fault has occurred.
TEMPERATURE:

A temperature fault or warning has occurred.
CML:
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A Communications, Memory or Logic fault has occurred.
NONE OF THE ABOVE:

A fault or warning not listed in bitl through bits 1-7 has occurred, for example an undervoltage
condition or an over current warning condition

7.6.31 STATUS_WORD (78h)

The STATUS_WORD command returns two bytes of information with a summary of the device's fault/warning
conditions. The low byte is identical to the STATUS_BYTE above. The additional byte reports the warning
conditions for output overvoltage and overcurrent, as well as the power good status of the converter.

Table 42. STATUS_WORD (78h) Commands

COMMAND STATUS_WORD (LOW BYTE)
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function X OFF VOUT_OV IOUT_OC | VIN_UV | TEMPERATURE | CML NONE OF THE ABOVE
Default Value 0 X 0 0 0 0 0 0

A "1" in any of the low byte (STATUS_BYTE) bit positions indicates that:

OFF:

The device is not providing power to the output, regardless of the reason. In the TPS40400 device,
this flag warns that the converter is not enabled.

VOUT_OV:

An output overvoltage fault has occurred.
IOUT_OC:

An output over current fault has occurred.
VIN_UV:

An input undervoltage fault has occurred.
TEMPERATURE:

A temperature fault or warning has occurred.
CML:

A Communications, Memory or Logic fault has occurred.
NONE OF THE ABOVE:

A fault or warning not listed in bits 1-7 has occurred

Table 43. STATUS_WORD (78h) Commands

COMMAND STATUS_WORD (HIGH BYTE)
Format Unsigned binary
Bit Position 7 6 4 3 2 1 0
Access r r r r r r r
Function VOouT IOUT/POUT X POWER_GOOD X X
Default Value 0 0 0 0 0 0 0
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A "1" in any of the high byte bit positions indicates that:

VOUT:
An output voltage fault or warning has occurred
IOUT/POUT:

An output current warning or fault has occurred. The PMBus specification states that this also
applies to output power. The TPS40400 device does not support output power warnings or faults.

POWER_GOOD:

The power good signal is negated.

7.6.32 STATUS_VOUT (7Ah)
The STATUS_VOUT command returns one byte of information relating to the status of the converter's output

voltage related faults. The TPS40400 device supports only the VOUT_OV Fault and VOUT_UV Fault bits of this
register.

Table 44. STATUS_VOUT (7Ah) Commands

COMMAND STATUS_VOUT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function VOUT OV Fault X X VOUT UV Fault X
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

VOUT OV Fault:

The device detects an output voltage rise above the VOUT_OV_FAULT_LIMIT threshold.
VOUT UV Fault:

The device detects an output voltage fall below the VOUT_UV_FAULT_LIMIT threshold.

7.6.33 STATUS_IOUT (7Bh)
The STATUS IOUT command returns one byte of information relating to the status of the converter's output

current related faults. The TPS40400 device supports only the IOUT_OC Fault and IOUT_OC Warning bits of
this register.

Table 45. STATUS_IOUT (7Bh) Commands

COMMAND STATUS_IOUT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function IOUT_OV Fault X IOUT OC Warning X
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

IOUT_OV Fault:

The device detects an output current rise above the level set by IOUT_OC_FAULT_LIMIT.
VOUT_UV Fault:

The device detects an output current rise relating to the level set by IOUT_OC_WARN_LIMIT.
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7.6.34 STATUS_TEMPERATURE (7Dh)

The STATUS_TEMPERATURE command returns one byte of information relating to the status of the converter
temperature related faults. The TPS40400 device supports only the OT Fault and OT Warning bits of this
register.

Table 46. STATUS_TEMPERATURE (7Dh) Commands

COMMAND STATUS_TEMPERATURE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function OT Fault OT Warning
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

OT Fault:

The device die temperature has exceeded the preset fault threshold.
OT Warning:

The device die temperature has exceeded the preset warning threshold.

7.6.35 STATUS_CML (7Eh)

The STATUS CML command returns one byte of information relating to the status of the converter's
communication related faults. The bits of this register supported by the TPS40400 device are:

Invalid/Unsuppported Command, Invalid/Unsupported Data, Packet Error Check Failed and Other
Communication Fault.

Table 47. STATUS_CML (7Eh) Commands

COMMAND STATUS_CML

Format Unsigned binary

Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function Invali(ggnqijsﬁgorted Invalid/UDr;:pported Pa(:ketFIZr“r((:(l;i Check X X X Other CoFrgmtmication X
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

Invalid/Unsupported Command:
An invalid or unsupported command has been received.
Invalild/Unsupported Data
Invalid or unsupported data has been received
Packet Error Check Failed
A packet has failed the CRC error check.
Other Communication Fault
Some other communication fault or error has occurred

7.6.36 READ_VIN (88h)

The READ_VIN commands returns two bytes of data in the linear data format that represent the input voltage
applied to the VDD pin of the device. The data format is as follows:
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Table 48. READ_VIN (88h) Commands
COMMAND READ_VIN
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa
Defaultvale | 1 | 1 | o | 1 [ 1 ] o] ofo] o] o] o] o] o] o] o]o

The input voltage is scaled before it reaches the internal analog to digital converter so that resolution of the input
voltage read back is 31.25mV. The input voltage can be found using Equation 25.

Vin = Mantissa x 25XP°nent (1, READ _VIN_CAL _GAIN)+READ _VIN_CAL _OFFSET (25)

7.6.36.1 Exponent
Fixed at —5.

7.6.36.2 Mantissa

The lower 10 bits are the result of the ADC conversion of the input voltage. The 11" bit is fixed at 0 because only
positive numbers are considered valid.

READ_VIN_CAL_GAIN comes from the MFR_SPECIFIC_06 command
READ_VIN_CAL_OFFSET comes from the MFR_SPECIFIC_07 command

7.6.37 READ_VOUT (8Bh)

The READ_VOUT commands returns two bytes of data in the linear data format that represent the output voltage
of the device. The output voltage is sensed at the ISNS- pin so voltage drop to the load is not accounted for. The
data format is as follows:

Table 49. READ_VOUT (8Bh) Commands

COMMAND READ_VOUT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Mantissa
Defaultvalue | 0 [ o [ o J o J o] o] oo o] o] o] o] o] o] o] o

The setting of the VOUT_MODE affects the results of this command as well. VOUT_MODE is set to linear mode
with an exponent of =10 and cannot be altered. The output voltage can be found by:

Vout = Mantissa x 25P°Ment (1. READ _ VOUT _CAL _GAIN)+READ _VOUT _CAL _OFFSET (26)

7.6.37.1 Exponent
Fixed at -10 by VOUT_MODE

7.6.37.2 Mantissa

Bits 13 (bit 5 in high order byte) through 4 are the result of the ADC conversion of the ouput voltage. The
effective LSB using this scheme is 15.625 mV.

READ_VOUT_CAL_GAIN is derived from the MFR_SPECIFIC_05 command
READ_VOUT_CAL_OFFSET is derived from the MFR_SPECIFIC_04 command

7.6.38 READ_IOUT (8Ch)

The READ_IOUT commands returns two bytes of data in the linear data format that represent the output current
of the device. The output current is sensed at the ISNS+ and ISNS- pins. The data format is as follows:
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Table 50. READ_IOUT (8Ch) Commands
COMMAND READ_IOUT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa
Defaultvale | 1 | 1 | 1 J o[ o] o] of]o] o] o] o] o] o] o] o]o

The output current is scaled before it reaches the internal analog to digital converter so that resolution of the
output current read is 62.5 mA, though resolution may be less depending on the setting of IOUT_CAL_GAIN.
The maximum value that can be reported is 64 A. It is mandatory that the IOUT_CAL_GAIN and
IOUT_CAL_OFFSET parameters are sset correctly in order to obtain accurate results. The output current can be
found by using Equation 27.

: Exponent
louT =Mantissa x 2% @7)

7.6.38.1 Exponent
Fixed at -4.

7.6.38.2 Mantissa

The lower 10 bits are the result of the ADC conversion of the input voltage. The 11™ bit is fixed at 0 because only
positive numbers are considered valid.

7.6.39 PMBUS_REVISION (98h)

The PMBUS_REVISION command returns a single, unsigned binary byte that indicates that the TPS40400
device is compliant with the 1.1 revision of the PMBus specification.

Table 51. PMBUS_REVISION (98h) Commands

COMMAND PMBUS_REVISION
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Default Value 0 0 0 1 0 0 0 1

7.6.40 MFR_VIN_MIN (AOh)

The MFR_VIN_MIN command returns a two-byte linear formatted result that indicates the minimum voltage from
which the TPS40400 device is able to convert power. The data is formatted as follows:

Table 52. MFR_VIN_MIN (AOh) Commands

COMMAND MFR_VIN_MIN

Format Linear, two's complement binary

Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa

Defautvalue | 1 [ 1 | 1 [ 1 [ o] o] oo o] o] o o 1] 1] o0]o

The minimum input voltage can be found using Equation 28.

Vj\ = Mantissa x 2Exponent 28)

This equates to 3 V when evaluated with the default values. The TPS40400 device begins to convert power at a
minimum input of 2.75-V.
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7.6.40.1 Exponent
Fixed at —2.

7.6.40.2 Mantissa
Fixed at 12.

7.6.41 MFR_VIN_MAX (A1lh)

The MFR_VIN_MAX returns a two-byte linear formatted result that represents the maximum specified operating
voltage for the TPS40400 device. The data is formatted as follows:

Table 53. MFR_VIN_MAX (A1lh) Commands

COMMAND MFR_VIN_MAX
Format
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa
Defaultvale | 1 | 1 | 1 | 1 o] o] ofo] o] 1] o] 1] o] o] o]o

The maximum input voltage can be found from:

= i Exponent
Vinmin) = Mantissa x 2 .

This equals 20 V when evaluated with the default values.

7.6.41.1 Exponent
Fixed at —2.

7.6.41.2 Mantissa
Fixed at 80.

7.6.42 MFR_VOUT_MIN (A4h)

This command returns a two byte result that represents the minimum output voltage the TPS40400 device
supports.

Table 54. MFR_VOUT_MIN (A4h) Commands

COMMAND MFR_VOUT_MIN
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Mantissa
Defautvalue | 0 [ o | o [ o[ oo 1[o] o] 1 [ 1] o] o] 1] 1]o0

The setting of the VOUT_MODE affects the results of this command. VOUT_MODE is set to linear mode with an
exponent of -10 and cannot be altered. The minimum nominal output voltage can be found by:

: E t
VouT(max) = Mantissa x 27Ponen 30)

This equals to 600 mV using the pre-set values. Using VOUT_TRIM, it is possible to adjust this voltage down to
approximately 450 mV.

7.6.42.1 Exponent
Fixed at —10.
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7.6.42.2 Mantissa
Fixed at 614.

7.6.43 MFR_VOUT_MAX (A5h)

The command returns a two-byte result that represents the maximum output voltage that the TPS40400 device
supports.

Table 55. MFR_VOUT_MAX (A5h) Commands

COMMAND MFR_VOUT_MAX
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Mantissa
Defaultvalue | 0 [ o | 1 | 1 o] o] o]o] o] o] o] o] o] o] o] o

The setting of the VOUT_MODE affects the results of this command. VOUT_MODE is set to linear mode with an
exponent of —10 and cannot be altered. The maximum nominal output voltage can be found by:

VouT(max) = Mantissa x oExponent )

This evaluates to 12 V using the pre-set values.

7.6.43.1 Exponent
Fixed at —10.

7.6.43.2 Mantissa
Fixed at 12288

7.6.44 MFR_SPECIFIC_00 (DOh)

The MFR_SPECIFIC_00 command is used for storing arbitrary user data and for selecting a dead time or anti-
cross conduction time for the TPS40400 device. The contents of this register can be stored to non-volatile
memory using the STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

This command take a two byte unsigned binary argument as follows.

Table 56. MFR_SPECIFIC_00 (DOh) Commands

COMMAND MFR_SPECIFIC_00
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw riw
Function USER_DATA USER_DATA WPE DTC
Defaultvalue | 0 | o | o | o[ o] o] of[o] o o] o] o] o]o 0 0

7.6.44.1 Dead-Time Control Setting (DTC)

e 0: Fast. Dead time = 25 ns
e 1: Slow. Dead time = 50 ns

7.6.44.2 WPE

Write protect extension. Writing a 1 to this bit position permanently locks the following parameters:
« |OUT_CAL_GAIN

« |OUT_CAL_OFFSET

« FREQUENCY_SWITCH

« |OUT_OC _FAULT_LIMIT
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* MFR_SPECIFIC_00

NOTE
Subsequent to setting the WPE bit, either a STORE_DEFAULT_ALL or
STORE_DEFAULT_CODE (for MFR_SPECIFIC_00) PMBus command must be issued in
order to prevent the WPE bit from being cleared when the device is subjected to a reset-
restart operation.

7.6.45 MFR_SPECIFIC_01 (D1h)

This command is used for trimming internal components of the TPS40400 device and is not recommended for
general use.

7.6.46 MFR_SPECIFIC_02 (D2h)

This command is used for trimming internal components of the TPS40400 device and is not recommended for
general use.

7.6.47 MFR_SPECIFIC_03 (D3h)

This command is used for trimming internal components of the TPS40400 device and is not recommended for
general use.

7.6.48 MFR_SPECIFIC_04 (D4h)

This command applies an offset to the READ_VOUT command results to calibrate out offset errors in the on
board measurement system. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 57. MFR_SPECIFIC_04 (D4h) Commands

COMMAND MFR_SPECIFIC_04
Format Linear, two's compliment binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access rw | r@ | @ @ @ @] @@ rd rhw riw riw riw riw rhw riw
Function Mantissa
Defaultvalue | 0 [ 0o | o [ o [ o] o] oo o] o] o] o o] o] ofo

(1) Bits are sign extension only and are not otherwise programmable.
Default value: 0
READ _VOUT _ CAL _ OFFSET = Mantissa x 2Bxponent

« Exponent is fixed at 2'1° by VOUT_MODE
e LSBvalueis 975 pVv
* Range -125 mV to 124 mV (32)

7.6.49 MFR_SPECIFIC_05 (D5h)

This command applies a gain correction to the READ_VOUT command results to calibrate out gain errors in the
on board measurement system. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 58. MFR_SPECIFIC_05 (D5h) Commands

COMMAND MFR_SPECIFIC_05
Format Linear, two's compliment binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r rw | r@ | @ @ r@ r® riw riw riw riw riw

(1) Bits are sign extension only and are not otherwise programmable.
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Table 58. MFR_SPECIFIC_05 (D5h) Commands (continued)
COMMAND MFR_SPECIFIC_05
Function Exponent Mantissa
Defaultvalue | 1 | 1 | o J o] o] o] o]o] o] o] o] o] o] o] o]o
Default value: 0
READ _VOUT _CAL _ GAIN = Mantissa x oExponent

« Exponentis fixed at -8

e« LSBvalue is 0.4%

 Range -0.125t0 0.121 (33)

7.6.50 MFR_SPECIFIC_06 (D6h)

This command applies an offset to the READ_VIN command results to calibrate out offset errors in the on board
measurement system. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 59. MFR_SPECIFIC_06 (D6h) Commands

COMMAND MFR_SPECIFIC_06
Format Linear, two's compliment binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r@ @ @ @@ | @ @@ r@ riw riw riw riw riw riw
Function Exponent Mantissa
Defaultvale | 1 | 1 | o | 1 [ 1 ] o] ofo] o] o] o] o] o] o] o]o

(1) Bits are sign extension only and are not otherwise programmable.
Default value: 0
READ _VIN_CAL _OFFSET = Mantissa x 25XPonent

* Exponent is fixed at -5
e LSBvalueis 32 mV
+ Range-2Vt01.968V (34)

7.6.51 MFR_SPECIFIC_07 (D7h)

This command applies a gain correction to the READ_VIN command results to calibrate out gain errors in the on
board measurement system. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL or STORE_DEFAULT_CODE commands.

Table 60. MFR_SPECIFIC_07 (D7h) Commands

COMMAND MFR_SPECIFIC_07
Format Linear, two's compliment binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r rw | r@ | @ @ r@ r® rhw riw riw rhw riw
Function Exponent Mantissa
Defautvalue | 1 [ 2 | o [ o[ o] o[ of]o] o] o] o] o] o] o] of]o

(1) Bits are sign extension only and are not otherwise programmable.
Default value: 0
READ_VIN_CAL _GAIN = Mantissa x 2E*Ponent

» Exponent is fixed at -8
e LSB value is 0.4%
« Range -0.125V to 10.121 (35)
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7.6.52 MFR_SPECIFIC_44 (FCh)

This command returns a two byte unsigned binary 12-bit device identifier code and 4-bit revision code in the
following format.

Table 61. MFR_SPECIFIC_44 (FCh) Commands

COMMAND MFR_SPECIFIC_44
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Identifier Code Revision Code
Defaultvalue | 0 [ o | o [ o [ o] o[ oo o | o o] 1 o | 1] o | 1

This command is oriented toward providing similar information to the DEVICE_ID command but for devices that
do not support block read and write functions.

7.6.52.1 Identifier Code
Fixed at 1(dec)

7.6.52.2 Revision Code
Starts at 0 and increments as revisions progress.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS40400 device is a step-down DC-DC controller with integrated MOSFET drivers. Input voltage, output
voltage and output current telemetry, parametric configuration, and protection features are programmable via the
PMBus interface. The device is typically paired with two power MOSFETs and an L-C filter output stage to
convert a higher DC voltage to a lower DC voltage. The available output current of a converter using the
TPS40400 controller is limited by the choice of power stage components, and over-current protection levels. The
maximum allowable over-current protection threshold is 35 A. Use the following design procedure to select
component values for a TPS40400 converter. A Loop Compensation Calculator tool is available at www.ti.com to
calculate the control loop compensation components, required for stability. The TPS40400 is also supported by
Texas Instruments Fusion Digital Power Designer, a graphical software tool set designed to simplify
programming, monitoring and configuration of the TPS40400 device via the PMBus interface.
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8.2 Typical Applications

8.2.1 TPS40400 12-V Input, 1.2-V Output, 20-A (maximum) Output Current Converter
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Figure 21. Typical Application Schematic, TPS40400
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8.2.1.1 Design Requirements

The following example shows the design process and component selection for a synchronous buck converter
using the TPS40400. The design goal parameters are listed in Table 62.

Table 62. Design Parameters

PARAMETER | TEST CONDITIONS MIN NOM  MAX ’ UNIT
INPUT CHARACTERISTICS
VN Input voltage 8 12 14 \%
] Input current VIN=8V, gyt =20 A 3.6 A
No load input current ViN=12V, lopyr=0A 60 mA
ViN(start) V)\ start voltage \%
ViN(stop) V)| stop voltage \%
OUTPUT CHARACTERISTICS
Vourt Output voltage Vin=12V, loyt=20 A 1.08 1.2 1.32 \%
Line regulation 8=sV|\=14V,Ilpytr=20A 0.5%
Load regulation ViN=12V,0A<Ioyr£20 A 0.5%
Vout_ripple  Output ripple voltage ViN=12V,loyt1=20 A 50| mVpp
lout Output current 8=<V=14 0 20 A
locp Output over current inception point ViN=12V 21 25 29 A
SS Soft-start time (default) 2.8 ms
Transient response
Al Load step 10A<Iloyr<20A 10 A
Load slew rate 1 AluS
Overshoot 120 mV
Settling time 20 us
SYSTEM CHARACTERISTICS
fsw Switching frequency 300 kHz
NPk Peak efficiency ViN=12V,0A<Ioyr£20 A 90%
n Full load efficiency ViN=12V,loyt=20 A 85%
Toper Operating temperature range 8=sV|ys1l4V,0As<Ipyt=20A -40 60 °C
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8.2.1.1.1 Design Example List of Materials

Table 63 lists of materials for the 12-V Input, 1.2-V Output, 20-A (maximum) Output Current Converter design.

Table 63. List of Materials

RN | Q1Y VALUE DESCRIPTION SIZE PART NUMBER MFR
C1, C2, C9, C17 4 100 nF Ceramic, 25 V, X7R, 10% 0603 Std Std
c11 1 |e80pF Tantalum, 6.3 V, 10% 7343 (D) EPSEGWKOOGROM AVX
C13,C14 2 47 uF Ceramic, 6.3 V, X7R, 10% 1210 Std Std
C15, C18 2 1uF Ceramic, 16 V, X7R, 10% 0805 Std Std
C16 1 1.0 nF Ceramic, 25 V, X7R, 10% 0603 Std Std
C20 1 10 nF Ceramic, 50 V, X7R, 10% 0603 Std Std
Cc21 1 1.0 pF Ceramic, 25 V, X7R, 10% 1206 Std Std
C3,C4 2 22 uF Ceramic, 25 V, X7R, 10% 1210 Std Std
C5 1 330 pF Aluminum, 25 V, 150 mQ, FC series 10 mm x 12 mm EEVFC1E331P Panasonic
C6 1 680 pF Ceramic, 50 V, X7R, 10% 0603 Std Std
C7 1 2.2nF Ceramic, 50 V, X7R, 10% 0603 Std Std
c8 1 820 pF Ceramic, 50 V, X7R, 10% 0603 Std Std
D1, D2 2 RED LED, Red, 20-mA, 6-mcd 0603 LTST-C190CKT Lite On
J1, 32 2 | D120/2DS Terminal block, 2-pin, 15-A, 5.1mm 0.40 inch x 0.35 inch | ED120/2DS On Shore
Technology
13,34 P L35 Type L - copper single conductor, one- 0.813 ir_mh x 0.375 L35 Thomas and Betts
hole mount inch
6 1 | 86479-3 Male right angle 2 x 5-pin, 100mil spacing | 897 i?r??hx 0484 | g5470.3 AMP
JP1, JP2 2 PEC02SAAN Header, 2-pin, 100 mil Spacing 0.100 inch x 2 PEC02SAAN Sullins
L1 1 0.75 pH Inductor, SMT, 0.75 pH, 1.2 mQ, 31A 0.512 x 0.571 inch | PG0077.801 Pulse
Q1 1 CSD16404Q5A MOSFET, N-channel, 25V, 20 A, 4.1 mQ QFN5X6mm CSD16404Q5A TI
Q2,Q3 2 CSD16325Q5 MOSFET, N-channel, 25V, 33 A, 1.7 mQ QFN-8 POWER CSD16325Q5 TI
R1, R2 2 1 kQ Resistor, 1/16-W, 5% 0603 Std Std
R10, R17, R19 3 10 kQ Resistor, 1/16W, 1% 0603 Std Std
R12 1 2.74 kQ Resistor, 1/8W, 1% 1206 Std Std
R13 1 100 kQ Resistor, 1/16W, 1% 0603 Std Std
R14 1 200 Q Resistor, 1/16W, 1% 0603 Std Std
R15 1 0Q Resistor, 1/16W, 1% 0603 Std Std
R16 1 6.19 kQ Resistor, 1/16W, 1% 0603 Std Std
R3, R9 2 10 Q Resistor, 1/16W, 1% 0603 Std Std
R4 1 36.5 kQ Resistor, 1/16W, 1% 0603 Std Std
R5 1 54.9 kQ Resistor, 1/16W, 1% 0603 Std Std
R6 1 4.99 kQ Resistor, 1/16W, 1% 0603 Std Std
R7, R11, R18 3 499 Q Resistor, 1/16W, 1% 0603 Std Std
R8 1 2.74 kQ Resistor, 1/16W, 1% 0603 Std Std
u1 1 | TPS40400RHL | 20V 10 20'V PMBUS synchronous buck QFN-24 TPS40400RHL TI

8.2.1.2 Detailed Design Procedure

The following design example is for an output of 1.2 V at 20-A maximum, with an

8.2.1.2.1 Selecting a Switching Frequency

This design example is calculated for a switching frequency of 300 kHz to improve efficiency. The switching
frequency can be changed with the Fusion GUI, but some components may need to be revised at other switching

frequencies.

input range of 8 V to 14 V.
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8.2.1.2.2 Output Inductor, Loyt

The output inductor value is determined by the peak-to-peak ripple at high line, and in this case a value of 30%
of output current maximum is used.

Vinmax) “Vout  Vour 1 14-12 1

- x —610nH
0.3xloyr  Vinmax) fsw 0-3x20  300kHz

Lout =
(36)

For this design a 750-nH inductor from Pulse (PG0077.801) was selected. The actual ripple current should now
be recalculated using the actual inductance value.

IRlPPLE Zdi:th%:3.O5MX 0172 =488Ap_p
75n (37

With this ripple current, the inductor RMS and peak current values can be calculated.
The RMS value of a zero-average triangular wave is given by Equation 38.

2
2 2 2 (4.88
lkms = /(e )" +(Iac)” =,/(20) +| == | =20.05Agys
J12
(38)
At maximum load and maximum line, the peak inductor current is given by Equation 39.

IPEAK = IDC + IP£P =20+ 4288 =22.44 APEAK

(39)

The DCR of the selected inductor (from the data sheet) is 1.2 mQ. Inductor conduction losses are described in
Equation 40.

P =P xR = (lgws )’ xDCR = (20.05)’ x1.2mQ = 0.482W (40)

8.2.1.2.3 Output Capacitance, Coyr

The selection of the output capacitor is typically affected by the output transient response requirement.
Equation 41 and Equation 42 can be used to over-estimate the voltage deviation to account for delays in the loop
bandwidth and can be used to determine the required output capacitance. The estimate of Coyr based on
overshoot is shown in Equation 41.

2
v Aloyt 5 Alout | Alout xLo _ (Aloyr )" *Lo
OVERSHOOT < c XAl = C X v Y, C

ouT ouT ouT ouTt X Lout (41)

The estimate of Cqyt based on undershoot is shown in Equation 42.

2
v Alout |, A Alout | Alout xLo  _ (Aloyr )" *Lo

UNDERSHOOT < C XAt= C X Vi _V Y Y, C

ouT out (Mn—Vour) (Mn—Vourt)xCourt (42)

When Vymin) > 2 X Vour, use the overshoot equation (Voyershoor t0 calculate minimum output capacitance.
When Vymin) < 2 X Voyr Use the undershoot equation (Vyngershoot)- IN this design example, Viymin) is much larger
than 2 x Vgout S0 Equation 43 is used to determine the required minimum output capacitance.

2 2
Al xL 10) x750nH
(Mloyt ) xLour  _ (10) _ 520,F
Vout *VoversHoor ~ 1.2x120mV 43)

Cout =

8.2.1.2.4 The Resistive Component of Output Ripple

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated by Equation 44.

Vepec - IRIPPLE 50mV — 4.88
ESR Vspec ~ VRIPPLE(cap) 8x Cout xfw 8x521uF x300kHz ) o\
lriPPLE lriPPLE 4.88
(44)
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The factor of 8 in the equation above results from the calculation of capacitor voltage resulting from a triangular
current. For this design, a 680-uF, 45-mQ ESR, 5-nH ESL tantalum and two, 47-puF, 3-mQ ESR, 0.9-nH ESL
ceramic capacitors were selected for a total capacitance of 780 uF.

8.2.1.2.5 Peak Current Rating of the Inductor

With the output capacitance known, it is possible to calculate the charge current during start-up and determine
the minimum saturation current rating for the inductor. The start-up charging current is shown in Equation 45 and
the resulting peak inductor current is shown in Equation 46 .

lRiIPPLE 4.88
Li(peak) = IOUT(max)+( 5| tleHaree =20+ —= |+0.3=23.04A

IcHARGE =

(46)

8.2.1.2.6 Input Capacitance, Cy

The input capacitor is selected to limit the input ripple voltage to 20% or less of V,y. The ripple voltage is due to
the current flowing in the input capacitor's ESR as well as capacitance charging and discharging. To simplify the
calculations, an infinitely large series input inductance is assumed. With an infinite inductor, the input capacitor
current is calculated to be 5.6 Arms.

For reasons of availability, consider the capacitor EEVFC1E331P, which is an electrolytic, 330-uF, 25-V
capacitor with 150-mQ of ESR and 100-nH ESL. This capacitor has an rms current rating of 670 mA. With the
calculated rms value of the capacitor current of 5.6 Arms, this implies that needs to be additional capacitance
with a much lower ESR across the input bus in order to divert most of the AC current to this low ESR capacitor.

Another readily available capacitor is selected. A 22-uF, ceramic, 25-V, 10-mQ ESR, 0.9-nH ESL device, two in
parallel. With these capacitors in parallel, the ripple in the electrolytic is well within its rating with a value of
329 MA s

8.2.1.2.7 Switching MOSFETSs, Qus and Qs

The high-side and low-side MOSFETS, Qus and Q, g, are selected based on several factors including:
» Vds, the drain to source voltage rating. This design requires a 25-V device

» Vgs, the gate to source voltage rating. For the TPS40400 device this voltage is 6.5 V

e Conduction losses, based on IZXRDS(on)

» Gate charge, must be low enough to be driven by the PWM controller

These devices are selected:

Table 64. MOSFET Summary

VOLTAGE RATING Rps GATE CHARGE
LOCATION PART NUMBER (o) TY
V) (m<2) Qs(n0) Q
High-side CSD16404Q5A 25 4.1 8
Low-side CSD16325Q5 25 1.7 25

Because the selected MOSFETs are switch very quickly, the device is programmed to have the shorter dead-
time of 25 ns.

8.2.1.2.8 Device Addressing, Rappro @nd Rappr1

The PMBus address for the device must be read from the ADDRO and ADDR1 pins. Each pin has an internal
fixed current source and the resulting developed voltage is read and converted to the desired device address.
The external resistors Rappro and Rappr1 from the address pins to ground set eight possible states for a total of
64 possible addresses. The address states are determined by voltages on the address pins per Table 65.
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Table 65. Address

Configuration

DIGIT RESISTANCE (k)
0 10

15.4
237
36.5
54.9
84.5
130
200

N|jo|a|h|{w (N

For this design, the address of 34 octal, or 28 decimal is selected arbitrarily. In order to achieve this address, the
ADDRO resistor R5 would be 54.9 kQ and the ADDRL1 resistor R4 would be 36.5 kQ.

8.2.1.2.9 Current Sense Flter, R16 and C17

Current sensing for the TPS40400 device is typically done by sensing the voltage drop across the output
inductor’'s (L1) DC resistance. In order to do this, the large AC switching voltage forced across L1 must be
filtered out so that the measured voltage is only the DC drop. This is done by placing an R-C filter directly across
the output choke (high-frequency filter) L1. The R-C combination is chosen such that it provides enough filtering
for the application and the time constant is chosen to match that of the output inductor and its ESR, which is
shown in Equation 47.

=
DCR (47)

Usually a capacitor value is chosen between 10 nF and 1 uF for this location. A value of 100 nF is arbitrarily
chosen, which yields Equation 48.

Ri6=_t - 750nH _ soska
DCR C 1.2mQx100nF (48)

Choose a standard value of 6.19 kQ.

The capacitor C17 should be placed as close to the ISNS+ and ISNS- pins as possible to provide good bypass
filtering. R16 should be placed close to the inductor to prevent traces with the switch node voltage from being
propagated across the PCB and getting close to sensitive pins of the TPS40400 device.
8.2.1.2.10 Voltage Decoupling Capacitors, Cgps, Cgpg, and Cypp
Three pins on the TPS40400 device have DC bias voltages. It is necessary to add small decoupling capacitors to
these pins. Table 66 shows the recommended minimum values.

Table 66. Voltage Decoupling Capacitor Values

RECOMMENDED
MINIMUM VALUE

DEVICE LOCATION FUNCTION SELECTED VALUE

V¢ for internal controls of the

Cpgp3, (C18) 0.1-yF low ESR device 1-uF ceramic
Cpgps, (C15) 1-uF low ESR V¢ for gate drivers 1-uF ceramic

2 x 100 nF, with additional series 10-Q filter
Cyvpp, (C1) and (C2) 0.1-uF low ESR Vcc for input power to the device resistor R3 to filter out switching noise from the

power MOSFETs

8.2.1.2.11 Bootstrap Capacitor, C9

Selection of the bootstrap capacitor is based on the total gate charge of the high-side MOSFET and the
allowable ripple on the BOOT pin. A ripple of 0.2 V is chosen as maximum for this design. This yields a value
described in Equation 49.
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CBOOT =C9> QGHS X 8nC =40nF
VBOOT(rippIe) 0.2v (49)

Choose a standard value of 100 nF. Additionally, a series resistor R9 is added in order to reducing the turn-on
speed of the high-side MOSFET, Q1.

8.2.1.2.12 Snubber R12 and C16

For this design, the snubber function is designed based on an allowable snubber power dissipation. A target
value of between 0.25% and 0.5% of the rated output power (Pgyr) is used as the starting point for the
calculation of the snubber values. Once the snubber values are determined and real hardware is obtained, the
shubber values can be adjusted to achieve better results.

Energy _ Bt =2(events)x xCx V2 x 300kHz
seconds cycle 2 (50)
__ 60mWw _~ 60mWw _1.02nF
V2 x300kHz 196 x300kHz (51)
Shortest Pulse Width
R_ 10 :28.6n:28.6n:5.729
5xC 5xC 5x1n (52)

8.2.1.2.13 Loop Compensaton Components

Using the Texas Instruments SwitcherPro™ design tool and the resulting plant (system) bode plot, a crossover
frequency of 20 kHz is selected with 45° of phase margin. The resulting compensation components are listed in
Table 67.

Table 67. Component Summary

COMPONENT LOCATION VALUE
R6 4.99 kQ
RS 2.74 kQ
c6 680 pF
c7 2.2 nF
cs 820 pF

8.2.1.2.14 Output Voltage Set Point, Rgjas

The output voltage can be set by choosing and calculating R1 and Rgas. The Voyr set point is shown in
Equation 53.

VREF xR1

Rpias =
Vout ~ VRrer (53)

In this design R1 was chosen to be 10 kQ. Rgas is calculated to be 10 kQ.

8.2.1.2.15 Remote Sensing

Remote sensing can be accomplished with the differential amplifier as shown in Figure 22. Resistors RS1 and
RS2 (R7 and R18 in the schematic above) are used if the sense connections fail or get damaged. The values of
RS1 and RS2 are bound by an upper value such that the voltage drop across them does not introduce
appreciable voltage regulation error from the bias current, and a lower value such that the voltage drop in the
load wires which appears across these resistors does not dissipate appreciable power. Values between 10 Q to
50 Q are usually chosen.
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Figure 22. Remote Sense Function
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8.2.1.3 Application Curves
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Figure 25. Switching Waveform
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Figure 26. Ripple Waveform

Copyright © 2011-2016, Texas Instruments Incorporated

Product Folder Links: TPS40400

Submit Documentation Feedback

65


http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.ti.com
http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS930D&partnum=TPS40400

TPS40400

SLUS930D —APRIL 2011-REVISED NOVEMBER 2016

13 TEXAS
INSTRUMENTS

www.ti.com

8.2.2 TPS40400 12-V Input 5-V Output, 5-A (Maximum) Output Current Converter Design Example 2
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Figure 27. Typical Application Schematic, TPS40400 Design Example 2

8.2.2.1 Design Requirements

Figure 27 shiws the design process and component selection for a synchronous buck converter using the
TPS40400 device. The design goal parameters are listed in Table 68.

Table 68. Electrical Parameters

PARAMETER | TEST CONDITIONS MIN NOM MAX | UNIT
INPUT CHARACTERISTICS
VN Input voltage 8 12 14 \%
I Input current Vin=8V,lpyt=5A 3.5 A
No load input current ViIN=12V, lgyt=0A 60 mA
Vinstart) V) start voltage \%
ViNstop) V|\ stop voltage \%
OUTPUT CHARACTERISTICS
Vout Output voltage VIN=12V, oyt =5A 4.75 5 525 \%
Line regulation 8sVnS14V, lgyt=5A 0.5%
Load regulation Vin=12V,0A<Igyt<5A 0.5%
VouT(ipple) Output ripple voltage ViIN=12V, gyt =5A 50| mVpp
lout Output current 8<V|ys14 5 A
locp Output over current inception point ViN=12V 6.7 8 9.3 A
SS Soft-start time (default) ms
Transient response
Al Load step 2A<IgyT£5A 3 A
Load slew rate 1 AluS
Overshoot 500 mvV
Settling time 50 us
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Table 68. Electrical Parameters (continued)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT

SYSTEM CHARACTERISTICS

fsw Switching frequency 300 kHz
NpK Peak efficiency Vin=12V,0A<Igyr=5A 90%

n Full load efficiency Vin=12V, lout=5A 85%

ToPEr Operating temperature range 8<VnN=14V,0A<IgyTrs5A -40 60 °C
8.2.2.1.1 List of Materials
Table 69 lists the materials for Design Example 2.

Table 69. List of Materials
Sgsﬁgiiwr%i QTY VALUE DESCRIPTION SIZE PART NUMBER MFR

C1, C2, C9, C17 4 0.1 yF Ceramic, X7R, 25V, 20% 0603 Standard Standard
C3,C4 2 22 pF Ceramic, X7R, 25V, 10% 1210 Standard Standard
C5 1 330 pF Aluminum, 25V, 20% 10x12mm EEVFC1E331P Panasonic
C6 1 2700 pF Ceramic, X7R, 10 V, 20% 0603 Standard Standard
C7 1 470 pF Ceramic, X7R, 10 V, 20% 0603 Standard Standard
Cc8 1 2700 pF Ceramic, X7R, 10 V, 20% 0603 Standard Standard
C1l1 1 680 pF Tantalum, 6.3 V, 20% 7343 (D) TPSE6870060045 Standard
C13, C14 2 47 uF Ceramic, X7R, 6.3 V, 20% 1210 GRM32ER60J476M Standard
C15, C18 2 1pF Ceramic, X7R, 16 V, 20% 0603 Standard Standard
Ci16 1 1000 pF Ceramic, X7R, 25 V, 20% 0603 Standard Standard
L1 1 6.8 pH Inductor, 6.8 pH, 12 mQ PF0553.682NL Pulse

01 1 CSD16325Q5 '{cr)agsistor, N-channel MOSFET, 25V, 100 A, QFN 5x6 CSD16325Q5 T

Q2 1 CSD16325Q5 Transistor, N-channel, 25 V, 100 A, 10 Q QFN 5x6 CSD16325Q5 TI

R3 1 10Q Resistor, 1/16W, 5% 0603 Standard Standard
R4 1 39.2 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R5 1 64.9 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R6 1 10.7 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R7, R18 2 499 Q Resistor, 1/16W, 1% 0603 Standard Standard
R8 1 1.62 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R10 1 10 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R12 1 270 Resistor, 1/16W, 5% 0603 Standard Standard
R14 1 0.0Q Resistor, 1/16W, 1% 0603 Standard Standard
R16 1 5.71 kQ Resistor, 1/16W, 1% 0603 Standard Standard
R17 1 1.33 kQ Resistor, 1/16W, 1% 0603 Standard Standard
Ul 1 TPS40400 3.0V-20V PMBus synchronous buck controller | 24-pin QFN TPS40400RHL Texas Instruments
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8.2.2.2 Application Curve
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8.3 Initialization Setup

8.3.1 Internal Configuration

Internal configuration of the TPS40400 device is handled via the PMBus (pins CLK and DATA) and the Fusion
Digital Power Designer (GUI interface). An example of the configuration window that is used to make internal
configuration changes to the TPS40400 device is shown below in Figure 32.

on Digital Power Designer - TPS40400 @ Add 5[0
| Fle Device Took Heb TPS40400 @ Ackess 28 (+]
Configure | dvanced Configuration |
Command Code  Value/Edit Hex/Edit Command Code | Value/Edit Hew/Edit | B
device change = Bl bt
10UT_CAL_GAIN ) oozt o oxeent ON_OFF_CONFIG ox2 owslv  oos
10UT_CAL_OFFSET 039 0,000 (514 0xE000 OPERATION ot o0~ ox00
YOUT_SCALE_LODP 029 0505 o0 POWER_GDOD_OFF 0x5F 1080 51y oxdesz
YOUT_TRIM 02z .00 00000 POWER_GOOD_ON Ox5E 11045l oxneen
FREQUENCY_SWITCH 0x33 2949120 {khe  Oxre00 e
Syt P oy TRIM_CONTROL [MFR 01] GOl 0xI0EE Ox10EE READ_IOUT o8 0.134 oxE002
1% Command Name TRIM_GENERAL [MFR 00] 000 DxBEDL OxBEDL READ_VIN 0x88 2456 D:DEES
) Cammand Code TRIM_GM_AMP_ISENSE [MFR 02] o0z owon 00071 READ_vOUT 08 1094y i
[ Groupby Category | | | VOUT_MARGIN_HIGH o 13195y w547 STATUS_BYTE a8 2[4 oxm
YOUT_MARGIN_LOW 0x26 L1073 £y oxas1 STATUS_CML Ox7E ox0z [ 0x0z B
VOUT_MODE 020 EXF-10 fx1a | | STATUS_TOUT 078 ox00 [+ 0x00
WRITE_PROTECT Ox10 o0+ 0x00 STATUS_TEMPERATURE 070 o0 [+ 0x00
10UT_OC_FAULT_LIMIT 046 ofHa  owem STATUS_WORD 079 030002 (| 0002
10UT_OC_FAULT_RESPONSE 047 oo(v] oo
I0UT_OC_WARN_LIMIT Ot 2105514 ocFE2a
OT_FAULT_RESPONSE 050 000~ 00
VIN_OFF 36 2505y oFo0a
VIN_ON 035 275y oo
YOUT_OV_FAULT_LIMIT x40 15605y oxoeap
YOUT_OV_FAULT_RESPONSE Ox41 o0 v 0x00 E
VOUT_UV_FAULT_LIMIT x4 11405y oadsR
VOUT_UV_FAULT_RESPONSE xis ooolv] oo
T &
WIN_ON [0x35] Transaction Log
s Wolkage at which power conversion starts.
Status
.. Configure
Fusion Dighal Power Designer v1.4.25 [2008-03-21]  TP340400  Offine Edit; TPS40400 @ Address 28 Project (23, & Texas Insimuvnts | usion digital pames

T4 start wmec~c B (B o il and 540400 External .. usion Dig £ R 89,0 s e e b M Gils AW

Figure 32. All Configuration Window

Figure 32 shows are the user changeable parameters of the TPS40400 device and these consist of the following
sections.

» Calibration

» Configuration

e Limits

*  On/Off Configuration

The status section is read only, and consists of data read from the TPS40400 device such as Voyr, lout, Vin, @and
status words. A full description of each command and status word is available in the Register Maps section.

Configuration changes can be implemented by changing the value in the Value/Edit box of each parameter.
Most boxes allow direct parameter changes such as voltage or current, but some boxes such as
IOUT_OC_FAULT_RESPONSE provide a pop-up configuration window as shown in Figure 33, and others
provide a pull-down menu. Select the appropriate radio buttons to make the desired changes.

To implement the changes to the device, click on the [Write to Hardware] button. This stores the changes to the
device in volatile memory, so these changes are lost when input power is cycled. To permanently make changes
and commit those changes to non-volatile memory, click on the [Store RAM to Flash] button.
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Initialization Setup (continued)
| i
r esponse ~
| Continue Without Interruption
The device continues to operate indefinitely while maintaining the output
current at the value set by IOUT_QC_FALLT_LIMIT without regard ko the
oukput voltage (known as constant-current or brickwall limiting).
Maintain Output Current Per Limits
1 The device continues to operate indefinitely while maintaining the output
current at the value set by IOUT_ O FAULT_LIMIT as long as the output
voltage remains above the minimum value specified by
TOUT _OC_IY_FAULT_LIMIT. If the aukput valtage is pulled down to l2ss
than this value, the device shuts down and restarts per the configuration
below,
Continue DOperation For ms
The device continues to operate, mainkaining the output current at the
" value set by IOUT OC_FAULT_LIMIT without regard to the output
| voltage, for the specified time, If the device is still operating in current
limiting at the end of the delay time, the device responds as programmed
below,
» | Shut Down Immediately
The device shuts down immediately {disables the output); configure restart
bilow,
Restart
Do Mot Restart \]
The unit does not attempt to restart, The output remains disabled until the
fault is cleared.
* Restart Up To 1= Times
The device attempts to restart up to the specified number of times.,
IF the device Fails to restart (the Faulk condition is no longer present and
the device is delivering power to the output and operating as programmed)
in the allowed number of retries, it disables the output and remains of f
urkil the Fault is cleared,
Restart Continuously
The device attempts to restart continuously, without limitation, until it is
commanded OFF {by the COMTROL pin or SPERATION command or both),
bias power is removed, or another fault condition causes the unit to shut
down.
Time between the start of each restart attempt: 0 WS
L J
Figure 33. IOUT_OC_FAULT_RESPONSE Configuration Window
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9 Power Supply Recommendations

The TPS40400 device operates from an input voltage supply between 3 V and 20 V. Proper bypassing of input
supplies and internal regulators is also critical for noise performance, as is PCB layout and grounding scheme.
See the recommendations in the Layout section.

10 Layout

10.1 Layout Guidelines

» As with any switching regulator, there are several paths that conduct fast switching voltages or currents.
Minimize the loop area formed by these paths and their bypass connections, and minimize the impedance of
these paths. Separate input currents from output currents.

» High-frequency bypassing of the power stage VIN and GND areas is essential. Power stage bypass
capacitors from VIN to GND should be as close as physically possible to the power MOSFET device pins,
and should be on the same layer as the power MOSFET devices. Connecting bypass connections through
vias dramatically increases the impedance of these connections, and can lead to excessive switching noise.

» Ensure that the TPS40400 device is not exposed to voltages or currents higher than its absolute maximum
ratings due to switching noise. In many cases, this consideration requires the addition of an R-C snubber
network, or provisions to slow the turn-on rate of the high-side MOSFET such as a high-side gate resistor or
boot resistor.

* Minimize the SW copper area for best noise performance. Route sensitive traces away from SW and BOOT,
as these nets contain fast switching voltages, and lend easily to capacitive coupling.

» Keep the gate drive loop impedance (HDRV-gate-source-SW and LDRV-gate-source-GND) as low as
possible. Widen the HDRV and LDRV trace connections to 20 mils as soon as possible once they are away
from the TPS40400 device pins.

» Ensure that the PowerPad™ integrated circuit package of the TPS40400 device functions as the ground
return for its signal components. Connect the GND pin to the power stage ground, as it functions as a return
for the integrated MOSFET drivers. The power stage ground and signal ground returns should only have one
single point of connection, at the thermal pad of the TPS40400 device.

» Signal components should be placed close to the TPS40400 device, and terminated to SGND. Signal
components include: feedback resistors, frequency compensation components, bypass connections for BP3,
BP6, and VDD, and PMBus address selection resistors.

» For proper thermal performance, the TPS40400 PowerPad integrated circuit package must be thermally
grounded to internal copper layers through multiple thermal vias, and must have adequate solder coverage
after assembly.

» Locate signal components and their connections and terminations to the TPS40400 device far away from the
fast switching power nets of the TPS40400 device. Switching noise that is coupled onto signal paths, either
directly or through ground returns, can degrade regulator performance. Alternatively, use a small low-pass R-
C filter between VIN and VDD to reduce the amount of switching noise coupled into the TPS40400 device
VDD pin from the power stage VIN pin.

e The TPS40400 device require good local bypassing on several pins. Locate bypass capacitors for BP3, BP6
and VDD as close as physically possible to the TPS40400 device, Locate bypass capacitors on the same
layer to minimize the impedance of these bypass connections and return paths.

* Route the output voltage remote sense lines from the output capacitor bank at the load, back to the VSNS+
and VSNS- pins of the TPS40400 device, as a tightly coupled differential pair. Avoid routing these lines near
fast switching nets such as SW, BOOT, or VIN, as these can potentially couple differential-mode noise into
the regulation path. As an alternative, locally connect a small coupling capacitor (no greater than 1 nF) to the
TPS40400 device to improve noise immunity. Reference the feedback and compensation components to the
differential amplifier output, DIFFO. Keep the feedback and compensation components local to the TPS40400
device, away from switching power stage nets.

* Route the output current sense lines from either side of the inductor, back to the TPS40400 device as a
tightly coupled differential pair. When using DCR current sensing, with an R-C averaging filter from SW to
VOUT, place the sense resistor close to the inductor with a kelvin connection from SW and VOUT under the
inductor, and place the capacitor as close as possible to the ISNS+ and ISNS- pins of the TPS40400 device.
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10.2 Layout Examples

Route to ISNS+

95 Snubber and ISNS- as a
Lol L] el 1] | SW | differential pair
Qxs D
o[e0-0-[)| BEEE L B
] O
VIN O O O
ool BBy
o O
O o cool [Tvour ]
9 00 00 00 0O _ Route to
VOUTS+ and
OO0 GND 0 VOUTS-asa
Lo OO0 0000 differential pair
Figure 34. Example Discrete MOSFET Power Stage Layout
0000000000000 0
GND 0000000000000 0
D
E E i 0o Route to
00 00 000000000000000 VOUTS+ and
O
20 D:DSS 5 VOUT VOUTS- as a
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0O QO
OO0
cob='8sll 1l
VIN Bl ol 8 B
Ojo old
I W I
Gate mt S \ Inc?uctor
Drive H|© 90 Route to ISNS+
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Figure 35. Example Integrated Power Stage Layout

72

Submit Documentation Feedback

Product Folder Links: TPS40400

Copyright © 2011-2016, Texas Instruments Incorporated


http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.ti.com
http://www.ti.com/product/tps40400?qgpn=tps40400
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS930D&partnum=TPS40400

13 TEXAS
INSTRUMENTS

www.ti.com

TPS40400

SLUS930D —APRIL 2011 -REVISED NOVEMBER 2016

Layout Examples (continued)
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Figure 36. Example Controller Layout

10.3 Thermal Considerations

Power dissipation ratings determine the thermal limitations of any power supply design. In general, power
dissipation in the power MOSFETs and output inductor will limit the safe operating area of the design. Consult
the manufacturer data sheets for these components to ensure that power dissipation ratings are met with
sufficient margin. Additionally, Table 70 shows the power dissipation ratings of the TPS40400 controller device

itself.

B 0o

Bypass
Connections

PMBus
Interface

stage GND

Table 70. TPS40400 Power Dissipation Ratings

THERMAL IMPEDANCE T - omec T - geeC
- - A - A =
JUNCT'O?,‘CT/\%)AMB'ENT RUIRFLOSY POWER RATING POWER RATING
31.1 Natural Convection 3.21 W 1.29wW
25.2 200 LFM 3.96 W 1.58 W
23 400 LFM 436 W 1.74 W
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

SwitcherPro, PowerPad, E2E are trademarks of Texas Instruments.
PMBus is a trademark of SMIF, Inc..
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

10-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TPS40400RHLR Active Production VQFN (RHL) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400
TPS40400RHLR.A Active Production VQFN (RHL) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400
TPS40400RHLT Active Production VQFN (RHL) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400
TPS40400RHLT.A Active Production VQFN (RHL) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400
TPS40400RHLTG4 Active Production VQFN (RHL) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400
TPS40400RHLTG4.A Active Production VQFN (RHL) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 40400

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS40400RHLR VQFN RHL 24 3000 330.0 12.4 3.8 5.8 1.2 8.0 12.0 Q1
TPS40400RHLT VQFN RHL 24 250 180.0 12.4 3.8 5.8 1.2 8.0 12.0 Q1
TPS40400RHLTG4 VQFN RHL 24 250 180.0 12.4 3.8 5.8 1.2 8.0 12.0 Q1
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i3 TEXAS PACKAGE MATERIALS INFORMATION
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www.ti.com 23-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40400RHLR VQFN RHL 24 3000 353.0 353.0 32.0
TPS40400RHLT VQFN RHL 24 250 213.0 191.0 35.0
TPS40400RHLTG4 VQFN RHL 24 250 213.0 191.0 35.0
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PACKAGE OUTLINE

RHL0024A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
g— U
A
/‘
PIN 1 INDEX AREA — |
5.6
5.4
!
1 MAX T
‘ j Llom e a4 SEATING PLANE
6.0 2.0520.1 "S[oos[c]
f—2x
s 24x 92 0.1)TYP
¢ 0.3
BN Wi ol W I
18X| 0.5 I
2 s VY] H,
T T \ ]
D) \ 21 -
2X SYMM D ‘ (:l
i5] ¢ T 405:01
D) | ]
| o
D) \ (G
L3 ] (s
2 b L 0.30
PIN 11D 1@ m Q Tt
(OPTIONAL) | —~li—4x02) $%‘%—VM
F—=t— 2X(0.55) ' 4225250/ 12/2024
NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHLO024A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

1 (3.3) |
i (2.05) i
t—i 2X (1.5) 4-1
i SYMM i
| 1‘ P — Q P — ‘ !
24X (0.6) () ‘ N ( ‘
| ‘,,‘TLf‘f,‘ S _
meny | T
18X (0.5) I ‘ m===s | m==== %

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

(@0.2) VIA
TYP

(RO.05) TYP

2X (0.55) —————f=—|

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 18X
0.07 MIN SOLDER MASK
0.07 MAX
ALL AROUND ——‘ h ALL AROUND t[ OPENING
EXPOSED METAL | ( EXPOSED METAL
C T~ | — METAL 153
SOLDERMASK = (L) METAL UNDER
OPENING —= SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) " SOLDER MASK DETAILS 4225250/B 12/2024

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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RHL0024A

EXAMPLE STENCIL DESIGN
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

24X (0.6)

24X (0.24) 3

(3.3) |

(2.05) |

i 2X (1.5) i !
SYMM ‘

|
1
|

2z —

InSRiRSAs

2X (0.55) ————f=—~]

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
80% PRINTED COVERAGE BY AREA
SCALE: 18X

‘ T ‘ / TYP
5 L _ 77i ,,,,,,,,,,,, _

A

4225250/B 12/2024

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
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