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TPS40180 Single Phase Stackable Controller
1 Features 3 Description

Stackable to 8 Phases, Multiple Controllers Can
Occupy Any Phase

2-V to 40-V Power Stage Operation Range

eTrim™ in System Reference Voltage Trim to
Tighten Overall Output Voltage Tolerance,
Reference is Better Than 0.75% Untrimmed

VDD From 4.5V to 15 V, With Internal 5-V
Regulator

Supports Output Voltage From 0.7 V to 5.8 V
Supports Prebiased Outputs
10-pA Shutdown Current

Programmable Switching Frequency up to 1-MHz
per Phase

Current Feedback Control With Forced Current
Sharing (Patents Pending)

Resistive Divider Sets Input Undervoltage Lockout
and Hysteresis

True Remote Sensing Differential Amplifier
Resistive or Inductor’'s DCR Current Sensing

Applications

Graphic Cards

Servers

Networking Equipment
Telecommunications Equipment
Distributed DC Power Systems

The TPS40180 is a stackable single-phase
synchronous buck controller. Stacking allows a
modular power supply design where multiple modules
can be connected in parallel to achieve higher power
capability. Stacked modules can be configured at the
same switching frequency with interleaved phase shift
to reduce input and output ripple current. Stacked
modules can also be configured to generate separate
output rails at the same time as different phase shift
to reduce input ripple current.

The TPS40180 is optimized for low-output voltage
(from 0.7-V to 5.8-V), high-output current applications
powered from a 2-V to 40-V supply.

With eTrim™, the TPS40180 gives the user the
capability to trim the reference voltage on the device
to compensate for external component tolerances,
tightening the overall system accuracy and allowing
tighter specifications for output voltage of the
converter.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (24) 4.00 mm x 4.00 mm

PART NUMBER
TPS40180

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application
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5 Pin Configuration and Functions
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Pin Functions

PIN

NO.

NAME

I/1O

DESCRIPTION

FB

Inverting input to the internal error amplifier. Normally this pin is at the reference voltage of 700 mV.

DIFFO

Output of the remote sense amplifier. Amplifier is fixed gain of 1 differential mode and is used for
output voltage sensing at the load to eliminate distribution drops.

VOUT

Positive input to the remote sense amplifier. Amplifier is fixed gain of 1 differential mode and is used
for output voltage sensing at the load to eliminate distribution drops.

GSNS

Negative input to the remote sense amplifier. Amplifier is fixed gain of 1 differential mode and is
used for output voltage sensing at the load to eliminate distribution drops.

VSH

110

Pin is either an input or an output. If the chip is configured as a voltage loop master the valley
voltage is output on this pin and is distributed to the slave devices. If configured as a voltage loop
slave, the master VSH pin is connected here and the device uses the master valley voltage
reference to improve current sharing.

ILIM

Programs the overcurrent limit of the device. Connecting a resistor from this pin to VSH and another
to VOUT on the voltage loop master sets a voltage above VSH. COMP is not allowed to exceed this
voltage. If the load current requirements force COMP to this level for seven clock cycles, an
overcurrent event is declared, and the system shuts down and enter a hiccup fault recovery mode.
The controller attempts to restart after a time period given by seven soft-start cycles.

SS

Soft-start input. This pin determines the startup ramp time for the converter as well as overcurrent
and other fault recovery timing. The voltage at this pin is applied as a reference to the error
amplifier. While this voltage is below the precision 700 mV reference, it acts as the dominant
reference to the error amp providing a closed loop startup. After it rises above the 700 mV precision
reference, the 700 mV precision reference dominates and the output regulates at the programmed
level. In case of an overcurrent event, the converter attempts to restart after a period of time defined
by seven soft-start cycles. Additionally this pin is used to configure the chip as a voltage loop
master or slave. If the pin is tied to VDD or PVCC at power up, the device is in voltage loop slave
mode. Otherwise, the device is a voltage loop master.

RT

Frequency programming pin. Connecting a resistor from this pin to GND sets the switching
frequency of the device. If this pin is connected to VDD or PVCC, the device is a clock slave and
gets its time base from CLKIO of the clock master device. Phase addressing is done on PSEL.

Copyright © 2007-2016, Texas Instruments Incorporated
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Pin Functions (continued)
PIN
I/0 DESCRIPTION
NO. NAME
Signal level ground connection for the device. All low level signals at the device should be
9 GND — referenced to this pin. No power level current should be allowed to flow through the GND pin copper
areas on the board. Connect to the thermal pad area, and from there to the PGND copper area.
Electrically quiet 5-V supply for the internal circuitry inside the device. If VDD is above 5 V, connect
10 BP5 | a 20-Q resistor from PVCC to this pin and a 100-nF capacitor from this pin to GND. For VDD at 5V,
this pin can be tied directly to VDD or through a 20-Q resistor with a 100-nF decoupling capacitor to
reduce internal noise.
UVLO input for the device. A resistor divider from VDD sets the turn on voltage for the device.
11 UVLO | Below this voltage, the device is in a low quiescent current state. Pulling this pin to ground shuts
down the device, and is used as a system shutdown method.
12 VDD [ Power input for the LDO on the device.
13 PGND . Common connection for the power circuits on the device. This pin should be electrically close to the
source of the FET connected to LDRV. Connected to GND only at the thermal pad for best results.
14 LDRV O Gate drive output for the low-side or rectifier FET.
Output of the on board LDO. This is the power input for the drivers and bootstrap circuit. The 5.3-V
15 PVCC o output on this pin is used for external circuitry as long as the total current required to drive the gates
of the switching FETs and external loads is less than 50 mA. Connect a 1-uF capacitor from this pin
to GND.
This pin is connected to the source of the high-side or switch FET and is the return path for the
16 sw (0] . ; . .
floating high-side driver.
Gate drive output for the high-side FET. High-side FET turn-on time must not be greater than
17 HDRV O minimum on-time. See electrical characteristics table for the minimum on time of the pulse width
modulator.
18 BOOT | Bootstrap pin for the high-side driver. A 100-nF capacitor is connected from this pin to SW and
provides power to the high-side driver when the high-side FET is turned on.
Clock and phase timing output while the device is configured as a clock master. In clock slave
19 CLKIO I/O mode, the master CLKIO pin is connected to the slave CLKIO pin to provide time base information
to the slave.
Power good output. This open drain output pulls low when the device is in any state other than in
20 PGOOD O normal regulation. Active soft start, UVLO, overcurrent, undervoltage, overvoltage or
overtemperature warning (115°C junction) causes this output to pull low.
Phase select pin. For a clock master, a resistor from this pin to GND determines the CLKIO output.
When configured as a clock slave, a resistor from the pin to GND selects the phase relationship that
21 PSEL | the slave has with the master. Allowing this pin to float causes the slave to drop off line to shed the
phase when current demands are light for improved overall efficiency. See Detailed Description for
more details.
22 CS+ [ Positive input to the current sense amplifier.
23 CsS— [ Negative input to the current sense amplifier.
24 COMP O Output of the error amplifier.
4 Submit Documentation Feedback Copyright © 2007-2016, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
VDD, UVLO, RT, SS -0.3 16
Input voltage, V, \%
FB, VOUT, GSNS, VSH, ILIM, BP5, PSEL, CS+, CS—, VS+, VS— -0.3
BOOT — HDRV -0.3
SW, HDRV -1 44
Output voltage, Vo SW, HDRYV, transient (<50 ns) -5 44 \%
DIFFO, LDRYV, PVCC, CLKIO, PGOOD, COMP -0.3 6
PGOOD (eTrim™ usage only) -0.3 22
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg -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
Vesp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-Cc101®@ +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.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VDD, UVLO 4.5 15
SW -1 40
\ Input voltage \Y
BOOT - SW 55
All other pins 0 5.8
RT 25 HA
PSEL 150 HA
T; Operating junction temperature -40 105 °C
6.4 Thermal Information
TPS40180
THERMAL METRIC® RGE (VQFN) UNIT
24 PINS
Roia Junction-to-ambient thermal resistance 33.9 °C/W
Rojctop) Junction-to-case (top) thermal resistance 344 °C/W
Ross Junction-to-board thermal resistance 11.6 °C/W
Wit Junction-to-top characterization parameter 0.4 °C/W
ViR Junction-to-board characterization parameter 11.7 °C/W
Roic(bot) Junction-to-case (bottom) thermal resistance 3 °C/W
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
Copyright © 2007-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.5 Electrical Characteristics
Vyvop = 12 V, Vgps = 15V, Vpycc =5V, —40°C < T, < 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT

VDD INPUT SUPPLY
Vvpp Operating voltage range 4.5 12 15 \%
lvopsp Shutdown current Vuvio <05V 50 HA
BP5 INPUT SUPPLY
Vgps Operating voltage range 4.3 55 \%
Igps Operating current mA
Versv  tum on threshold 4 am I
VepsuvH BP5 UVLO hysteresis 225 mV
PVCC REGULATOR
Vpvee Output voltage 45V <Vpp<15V 4.3 5 5.5 \Y
lpvee Output current 50 mA
OSCILLATOR

Oscillator frequency Rgrt = 64.9 kQ 360 415 454
Fosc - kHz

Oscillator frequency range 150 1000
Virmp Ramp voltage® 420 500 525 mv
Vgrrekisty  RT pin clock slave voltage threshold 2 \Y
DIGITAL CLOCK SIGNAL (CLKIO)
ReLkH Pull up resistance® 27 Q
ReLkL Pull down resistance % 27 Q
lcLkiolk ;eﬁgig&%tgézzze state® VR <2V, VpggL =5V 1 HA
UVLO PIN

PVCC regulator enabled 0.8 0.9 15
VuvLo(on) — \Y;

PWM switching enabled 19 2 2.1
luvLo Hysteresis bias current 9 12 15 HA
PULSE WIDTH MODULATOR

. 8 phase CLK scheme 87.5%
Dmax Maximum duty cycle
6 phase CLK scheme 83%

toN(min) Minimum pulse width® 75 ns
VSHARE
Vust Current share reference; RLop = 20 kQ 17 18 19 v

ramp valley voltage
ERROR AMPLIFIER
lis Input bias current at FB pin Vg = 0.7V -200 0 200 nA
VRer Trimmed FB control voltage :)r#:sllé?es differential sense amp 695 700 705 mV
lon COMP source current Veomp = 1.1V, Vg =0.6 V mA
loL COMP sink current Veowp = 1.1V, Vg = 0.8V mA
EAgewe  Gain bandwidth product® 12 MHz
AoL Open loop gain® 60 90 dB
SOFTSTART
lss1 (Cl:ar(]e?g?:engrgtu g\?\?lt/l pulse) Slfr\ilgcgeheigg?:)e%ult recovery 6.5 75 82 WA
52 (afer fret PWM puise) 2 1 7] A
Vss re Fault enable threshold 0.8 \%

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

Vypp = 12 V, Vgps = 15V, Vpycc =5V, —40°C < T, < 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Voltage loop slave mode _ _
VsssLv threshold voltage Veps =5V Veps — 0.75 v
CURRENT LIMIT
hium Threshold setting current 215 235 25.5 MA
CURRENT SENSE AMPLIFIER
V|sorsT Input offset voltage -2.5 0 2.5 mV
Iis cs Input bias current 100 nA
Gcs Gain at PWM input 02V<sV,cys58V 11.25 125 13.75 VIV
Viem Input common mode range 0 5.8 \%
VDIEEMX Maximum differential input voltage -60 60 mV
DIFFERENTIAL REMOVE VOLTAGE SENSE AMPLIFIER
GRVS Gain 0.7V< V(VOUT) - V(GSNS) <58V 0.995 1 1.005 VIV
Vwout) — V(esns) =2V,
V(DIFFO) >1.98V, 2
V -V >2V
IDIFFOH DIFFO source current (vDD) (VOuT) mA
Vout) — V(Gsns) = 5.8V,
V(piFro) > 5.6 V, 1
Vop) — Vvour) > 1V
. V, -V =2V
I DIFFO sink current (VOUT)  7(GSNS) ' 2 mA
DIFFOL V(DIFFO) >202V
BWpirra  Unity gain bandwidth® 5 8 MHz
. Inverting, DIFFO to GSNS 60
RiNDIFEA Input resistance - . kQ
Noninverting, OUT to GND 60
PSEL PIN
liseL Bias current 215 235 25.5 pA
VMNCLK No output on CLKIO 0 0 0.5
VMmspH Master mode 8 phase CLKIO 0.5 0.7 0.9 \%
VMGPH 6 phase CLKIO 0.9
VssTpBY Slave mode, standby state 3.4 \%
Clock slave mode,
Vsas 45° phase slot® 8 phase CLKIO 0 0 0.2 \%
Clock slave mode,
Vso0 90° phase slot® 8 phase CLKIO 0.2 0.35 0.5 \%
Clock slave mode,
V3135 135° phase SlOt(l) 8 phase CLKIO 0.5 0.7 0.9 \Y
Clock slave mode,
Vs1s0 180° phase slot™ 8 phase CLKIO 0.9 1.1 1.3 Y
Clock slave mode,
Vsoo5 2250 phase SlOt(l) 8 phase CLKIO 1.3 1.6 1.9 \Y
Vv Clock slave mode, 8 phase CLKIO 1.9 2.25 2.6 %
S270 270° phase slot® : : :
Clock slave mode,
Vs315 315° phase SlOt(l) 8 phase CLKIO 2.6 3 3.4 \Y
Clock slave mode,
Vso 0 phase slot® 6 phase CLKIO 1.9 2.25 2.6 Y
Clock slave mode,
Vsgo 60° phase slot® 6 phase CLKIO 0 0 0.2 \%
Clock slave mode,
Vs120 120° phase slot® 6 phase CLKIO 0.2 0.35 0.5 \%
Clock slave mode,
VSlSO 180° phase SlOt(l) 6 phase CLKIO 0.5 0.7 0.9 \Y
Copyright © 2007-2016, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

Vypp = 12 V, Vgps = 15V, Vpycc =5V, —40°C < T, < 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Clock slave mode,
Vso40 240° phase SlOt(l) 6 phase CLKIO 0.9 1.1 1.3 \Y
Clock slave mode,
Vs300 300° phase slot® 6 phase CLKIO 1.3 1.6 1.9 \%
GATE DRIVERS
; Voot =5V, V(isw) =0V,
Ruprvn)y  HDRV pull up resistance liory = 100 MA 1 2 3 Q
; Veoor =5V, Visw) =0V,
Ruprvefy ~ HDRV pull down resistance liory = 100 MA 0.5 1 2 Q
Riprvion) LDRV pull up resistance Vpyee =5V, I pry = 100 mA 2 3.5 Q
Riprvofy  LDRV pull down resistance Vpyee =5V, I pry = 100 mA 0.3 0.75 15 Q
tHDRV(Y) HDRYV rise time® CLoap = 3.3 nF 25 75 ns
tHDRV(H HDRYV fall time® CLoap = 3.3 nF 25 75 ns
t bRV(Y) LDRYV rise time® CLoap = 3.3 nF 25 75 ns
t bRV LDRYV fall time® CLoap = 3.3 nF 10 60 ns
POWER GOOD
Power good high FB voltage
VFBPGiH threshold 764 787 798 mVv
Power good low FB voltage
VEBPG L threshold 591 611 626 mv
Vespa(hysty Power good threshold hysteresis 30 60 mV
TeebLy Power good delay time® 10 us
VpgL Power good low level output voltage | Ipg = 2 mA 0.35 0.4 \%
lpeLK Power good leakage current Vpg =5V 1 pA
OVERVOLTAGE AND UNDERVOLTAGE
VEB U FB pin under voltage threshold 565 580 595 mV
VEB O FB pin over voltage threshold 792 810 828 mV
THERMAL SHUTDOWN
Trsp Shutdown temperature 126 135 144 °C
Trspysy  Hysteresis® 40 °C
TwrN Warning temperature 106 115 124 °C
Twreysy  Hysteresis® 10 °C
8 Submit Documentation Feedback Copyright © 2007-2016, Texas Instruments Incorporated
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Typical Characteristics (continued)
5
4
i 3 \\
o
c
I EEAN
o
o1 \\
(=]
= o \\
%3
$ . AN
2
° AN
g N
< 4
-5
50 30 10 10 30 50 70 90 110
TJ - Junction Temperature - °C
Figure 19. Relative Oscillator Frequency vs Junction Temperature
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7 Detailed Description

7.1 Overview

The TPS40180 is a versatile single-phase controller that can be used as a building block for a more complex
power system, or as a stand-alone power supply controller. In either system, the TPS40180 provides an
excellent power conversion solution and supports such features as prebias start-up, intelligent fault handling
capability with graceful shutdown and restart even with multiple modules sharing a common load. Remote load
voltage sense for improved load regulation where it counts, at the load, thermal shutdown, remote enable and
power good indication features help solve the problems faced by the power supply designer. To ease application
to a specific task, there are several user programmable features including closed loop soft-start time, operating
frequency and current limit level.

More complex power solutions are readily supported by the TPS40180. The device can be configured to run in a
master/slave configuration where a master can control several slaves. Several options are possible including a
single output multiple phase supply sharing phase timing information to reduce input and output ripple, a multiple
output supply that shares phase switching timing information to reduce input ripple currents, and a combination
approach that has multiple outputs sharing phase information where each output can use multiple phases. Phase
information in all cases comes from a single device designated the clock master. Current sharing information is
passed from the device designated voltage loop master for each output to the slaves for that particular output rail
by connecting the COMP pin of the master to the COMP pin of the slaves. The clock master is also the voltage
loop master in one of the rails of a multiple output supply; whereas, the other rails are controlled by a voltage
loop master that is a clock slave to the single clock master device.

Copyright © 2007-2016, Texas Instruments Incorporated Submit Documentation Feedback 13
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Current Sensing and Overcurrent Detection
The TPS40180 uses the current sensing architecture shown in Figure 20.
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Figure 20. Current Sense Architecture

The sense resistor can either be a resistor between the inductor and the output capacitor(s) or an R-C filter
across the inductor.

Overcurrent protection for the TPS40180 is set by connecting a resistor from the ILIM pin to the VSH pin. A
current source of 23.5 pA out of the ILIM pin sets a voltage level on the ILIM pin and the COMP pin is not
allowed to rise above this level. Since the device uses current mode control and COMP cannot rise above this
level, an effective maximum output current is defined. The second resistor on the ILIM pin, R2, is optional and if
used is connected to the output voltage. This resistor provides compensation of the overcurrent level for changes
in output voltage, such as would be seen at start-up. If not used, the overcurrent threshold level is higher at
output voltages lower than the designed target.

The output current, flows through the inductor resistance and develops a voltage, VC across it, representative of
the output current. This resistance voltage is extracted from the total inductor voltage by the R-C network placed
across the inductor. This voltage is amplified with a gain of 12.5 and then subtracted from the error amplifier
output, COMP, to generate the Ve voltage. The Ve signal is compared to the slope-compensation RAMP signal
to generate the PWM signal that is used to control the FET drivers. As the output current is increased, the
amplified VC causes the Ve signal to decrease. In order to maintain the proper duty cycle, the COMP signal must
increase. Therefore, the magnitude of the COMP signal contains the output current information as shown in
Equation 1 through Equation 3.

COMP =V, + (I xR )x12.5

(€]
(Mn —Vout) | [ Vout 1
lRiPPLE = L x V, X
IN fsw @
| IRIPPLE |
PK = > +lout
3)
In order to satisfy the input-output voltage relationship, Equation 4 must hold.
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Feature Description (continued)
Ve = Vrwp * Vour +VysH
IN (4)
Combining Equation 1 and Equation 4 and solving for the COMP voltage gives Equation 5.
V,
COMP = Vgyp x[ OuT j +Vysy + (Ipkx R )x 12.5
ViN (5)

Since COMP and ILIM are of equal voltage when at the current limit condition, setting ILIM to the expected
COMP voltage at maximum current is how the current limit threshold is set. To calculate the resistors R1 and R2
from Figure 20, use Equation 6 through Equation 9.

az[VRMPJ
Vin (6)
B=R, x12.5xIp+ Vewp
(2xNgp ) @)
_ B"f‘(XXVVSH
(1=a)xlim (8)
axlym

where (for Equation 1 through Equation 9)
¢« COMP is the voltage on the COMP pin
*  Vgme is the ramp amplitude, 500 mV
*  Vgur is the output voltage of the converter
e gyt is the dc output current of the converter
e V) is the input voltage of the converter
e Vygy is the valley voltage of the ramp, 1.8 V
e lpk is the peak current in the inductor
* R, is the DC resistance of the inductor
e L is the inductance of the inductor
e 12.5is the gain of the current sense amplifier network inside the device
* Ny, is the number of phase that the master clock is set to, either 6 or 8
e I is the bias current out of the ILIM pin, 23.5 pA typical 9)

The TPS40180 architecture inherently allows multiple modules to start simultaneously into a load without
problems with overcurrent tripping. The reason this is the case is the master device in a group of devices
configured as a multiphase power supply is the only device that retains overcurrent control. The slave devices do
not have the ability to initiate an overcurrent event but rely on the master to handle this function. For this reason,
when setting the overcurrent threshold for a multiple converter system, the previous equations should be used to
set the threshold on a per-converter basis. For example, if four converters are being used to generate a supply
that has a 60-A current limit, the current limit to use for calculating the resistors would be 15 A.

NOTE
The above equations indicate that the overcurrent threshold is dependent on input voltage.
Consequently, as the input voltage increases, the overcurrent threshold also rises.

7.3.2 Hiccup Fault Recovery

To reduce the input current and component dissipation during on overcurrent event, a hiccup mode is
implemented. Hiccup mode refers to a sequence of 7 soft-start cycles where no MOSFET switching occurs, and
then a re-start is attempted. If the fault has cleared, the re-start results in returning to normal operation and
regulation. This is shown in Figure 21.
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Feature Description (continued)
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Figure 21. Hiccup Recovery From Faults

Normal operation is occurring between t0 and t1 as shown by VOUT at the regulated voltage, (C) and normal
switching on the SW NODE (B) and COMP at its nominal level, (D). At t1, an overcurrent load is experienced.
The increased current forces COMP to increase to the ILIM level as shown in (D). If the COMP voltage is above
the ILIM voltage for 7 switching cycles, the controller enters a hiccup mode at t2. During this time the controller is
not switching and the power MOSFETs are turned off. The SS pin goes through 7 cycles of charging and
discharging the soft-start capacitor. At the end of the 7 cycles the controller attempts another normal re-start. If
the fault has been cleared, the output voltage comes up to the regulation level as shown at time t3. If the fault
has not cleared, the COMP voltage again rises above the ILIM voltage and a fresh hiccup cycle starts. This
condition may continue indefinitely.

The prebias circuitry is reset at this time and the restart does not discharge an output prebias condition if it
exists.

7.3.3 Selecting Current Sense Network Components

Some consideration must be given to selecting the components that are used to sense current in the converter. If
an R-C filter across the inductor is used, the R-C time constant should match the natural time constant of the
inductor. Equation 10 and Figure 22 describe the relationship.

L
Res xCes = (_R J
L (10)

Figure 22. Current Sense Network
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Feature Description (continued)

The amplitude of the V. voltage must also be considered. If the V; voltage is expected to rise above 60 mV at
the desired overcurrent threshold, an attenuator should be used to keep the voltage to a maximum of 60 mV. To
implement the divider, place a resistor in parallel with Ccg. The time constant of the whole network should remain
the same as the L/R time constant of the inductor.

High-ripple current applications can also cause problems under certain conditions. When the sensing network is
matched to the inductor, the ripple voltage on the capacitor C.g is the same as the ripple voltage produced on
the effective inductor resistance. If this ripple component is too great, subharmonic instability can result and the
PWM exhibits excessive jitter or give a long pulse, short pulse type of output. To minimize this effect, the slope of
the signal presented to the current sense amplifier must be less than a maximum value. This places a minimum
limit on what the inductor L/R time constant can be for a given application as shown in Equation 11. If the chosen
inductor and other application parameters fall outside these recommendations, it is necessary to attenuate the
current feedback signal with an extra resistor.

L Ges(max) X (Vin +(2x Vour))
R

fow

where
e Lis the inductance in H
* R is the equivalent series resistance of the inductor in Q
*  Gcgmax is the maximum gain of the current sense amplifier, 13.75
eV is the input voltage in V
e Vgur is the output voltage in V
» fsw is the switching frequency in Hz (12)

7.3.4 PGOOD Functionality

PGOOD functions as a normal, open-drain power good output on an device configured as a master. This is an
open-drain signal and pulls low when any condition exists that would indicate that the output of the supply might
be out of regulation. These conditions include:

* FB pin more that +15% from nominal

» Soft start is active

* A UVLO condition exists for the TPS40180

» The TPS40180 has detected a short-circuit condition

» The TPS40180 die is over warning temperature threshold (115°C)

If the device is configured as a voltage loop slave, PGOOD pulls low the following conditions only:
* A UVLO condition exists for the TPS40180
e The TPS40180 die is over warning temperature threshold (115°C)

Note that when there is no power to the device, PGOOD is not able to pull close to GND if an auxiliary supply is
used for the power good indication.

7.3.5 Output Overvoltage and Undervoltage Protection

If the output voltage is sensed to be too low, the TPS40180 turns off the power FETs, and initiates a hiccup
restart sequence just as if a fault condition had occurred. The sensing of the output voltage is done using the FB
pin and the undervoltage threshold voltage for the FB pin is 580-mV typical. The prebias circuitry is reset at this
time and the restart does not discharge an output prebias condition if it exists.

The TPS40180 also includes an output overvoltage protection mechanism. This mechanism is designed to turn
on the low-side FET when the FB pin voltages exceeds the overvoltage protection threshold of 810-mV (typical).
The high-side FET turns off and the low-side FET turns on and stays on until the voltage on the FB drops below
the undervoltage threshold. At this point, the controller enters a hiccup recovery cycle as in the undervoltage
case. The output overvoltage protection scheme is active at all times. If at any time when the controller is
enabled, the FB pin voltage exceeds the overvoltage threshold, the low-side FET turns on until the FB pin
voltage falls below the undervoltage threshold.
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Feature Description (continued)
7.3.6 Overtemperature Protection

When the TPS40180 die temperature exceeds 115°C, the PG pin is pulled low as a warning that temperatures
are becoming excessive. Systems can act on this indication as appropriate.

The TPS40180 shuts down if the die temperature is sensed to be more than 135°C. The die must cool to less
than the warning level reset of 105°C before the device restarts. The device restarts automatically after the die
cools to this level.

7.3.7 eTRIM™

The TPS40180 incorporates an innovative new feature that allows the user to trim the reference voltage in
system. This allows the user to tighten overall output tolerances by trimming out errors caused by resistor divider
and other system tolerances. The reference has been designed so that it may be trimmed without affecting
temperature drift so that the user can perform system level trims without worrying about creating a situation
where the reference temperature drift becomes a problem. Trimming in the TPS40180 is done with a small bank
of EEPROM. Changing bit values in this EEPROM causes parameters, like reference voltage, inside the device
to change. Once trim is accomplished, there is no need to trim again, the change is permanent (but can be
overwritten by subsequent trimming operations). The eTrim™ trimming mechanism has been designed so that
the user can only program the reference voltage so that any errors in the programming sequence does not affect
other factory set trims such as current feedback gain for example. This provides a secure environment for the
user to use and eliminates the possibility that other parameters could inadvertently changed.

The adjustment range is 14 mV from the untrimmed level. The reference is pre-trimmed at the factory to £0.5%
of nominal so further trim is not necessary unless it is desired to further reduce total system errors. This factory
trim uses the same eTrim™ mechanism that can be used at the system or converter level and changes the same
bits that the user changes if using eTrim™. Consequently, not all of the trim range may be available to make
adjustments in system as the factory trim sets the bits to the value that provides the correct nominal reference
voltage. Typically, the trim has at least 3 steps remaining in any direction to allow for user system level trim.
There are several steps required to use the eTrim™ feature. A typical trim sequence would flow as follows:
Power up the system and wait for the system to stabilize in steady state

Program the TPS40180 reference trim to a default setting (overwriting factory trim)

Measure the system output voltage

Calculate a correction factor to be applied to the output voltage

Program the EEPROM inside the TPS40180 with the new trim code

Measure the new system output voltage

Repeat from step 4 if required

No okrwDdhE

The TPS40180 provides 4 trim bits available for user programming. The bits and their effect on the untrimmed
reference value are given in Table 1.

Table 1. eTrim Bit Codes and Effect

eTrim™ REFERENCE BIT CODE REFERENCE CHANGE
b2 b1 (mV)

+14

+12

+10

+8

+6

+4

+2

o

o
w
o
o

olo|lr|RP|IRP|RPR|IR|R| kR |k
o|lo|lr|r|R|lkr|O|O|O|O
OOk |P|O|OCO|FR|P|O|O
P |IO|FRP|IO|RP|O|P|O|FL,|O

-2

(1) Default setting
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Table 1. eTrim Bit Codes and Effect (continued)
eTrim™ REFERENCE BIT CODE REFERENCE CHANGE
b3 b2 b1l b0 (mV)
0 0 1 0 -4
0 0 1 1 -6
0 1 0 0 -8
0 1 0 1 -10
0 1 1 0 -12
0 1 1 1 -14

The process of writing to the on chip trim EEPROM is as follows. With power applied to the system and the
system in steady state:

1. Force the input voltage to the device, Vypp, to a level of 7 V (this eases stresses on the UVLO pin).
Raise the UVLO pin to a level 2 V above V,,pp and PGOOD to 20 V

Apply a pulse of Vypp + 4 V for a minimum of 10 ps to UVLO

Bring UVLO to Vypp + 2 V for at least 8 us

The UVLO pin is then pulsed to Vypp + 4 V seven times (six address bits and one data bit) for each bit that is
to be written. The pulse period is typically 1 pus and the width of the pulse determines whether the pulse is
interpreted as a 1 or as a 0 by the EEPROM circuitry.

6. Data has been placed in a buffer. To finalize the writing, pull PGOOD to 20 V and the UVLO pin to
Vypp + 4 V for at least 15 ms.

IS S

Figure 23 shows a typical sequence.
\%

VDD VDD /
‘0’ programmed to bit 0 1’ programmed to bit 1

A5 A4 A3 A2 A1 A0 D A5 A4 A3 A2 A1A0 D

Vo +4 V
L T
UvLO >2.5V—.+|

» Settle Time

i -+
it >=15ms

>10ms >8ms 1ms1ms 15 ms write EEPROM

20V

PGOOD L

Figure 23. eTrim™ EEPROM Programming Sequence

The pulses from Vypp + 2 V to Vypp + 4 V on UVLO are governed by the timing shown in Figure 24.

There are six address bits in the sequence to write to a single EEPROM bit. To write to the eTrim™ accessible
bits, the address sequence must be correct for all six bits or else the write attempt has no effect. To write to
eTrim™ accessible bits the first four address bits must be zero. Anything else is not accepted. Address bits Al
and AO select which eTrim™ accessible EEPROM bit is written. For example, to write a 1 to bit 3 of the eTrim™
accessible bits, the data pulse sequence would look like Figure 25.

H—wo ns
A5 Ad A3 A2 A1l A0 D

o] L
900 ns —————»| Foﬂeo»&o»&oﬂe1»|«1»|«1ﬁ

g ‘ L Figure 25. Write 1 to Bit 3
%71m54q

Figure 24. eTrim™ Bit Pulse Timing
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As data is clocked into the device, the reference voltage reflects the updates without writing the data buffer to the
actual EEPROM. System measurements can be made after a suitable system dependent settling time has
elapsed after changing the bits in the buffer. When satisfied with the results, the EEPROM may be written by
pulling PGOOD to 20 V and UVLO to Vypp + 4 V for at least 15 ms. For best reliability, the EEPROM should only
be written to by pulling PGOOD to 20 V and UVLO to Vypp + 4 V a maximum of three times during the product
lifetime. This writing only needs to be done once during the entire trimming cycle, after the optimal trim values
are found since data clocked in will affect the output without performing the actual write. Until written, changes
are not permanent and will be lost after power cycling the device.

7.3.8 Connections Between Controllers for Stacking

One of the main benefits of using the TPS40180 is the ability to parallel output power stages to achieve higher
output currents and to scale or stack on controllers as needed. Phasing information is also shared among the
controllers to minimize input ripple and RMS current in the input stage capacitors. Figure 26 shows the
connections among the controller devices and the controller configuration connections to implement a single
output stacked configuration. Up to 7 slave controllers can be connected to the master controller in this manner
with unique phasing for each controller. More than 7 controllers can also be connected as long as some of them
are programmed to operate at the same phase relationship with respect to the master. Not shown are the power
stage portions of the schematics. The outputs of the individual converters inductors are simply connected
together and then to a common output capacitor bank. All other connections would be as for a single device used
as a converter.

In Figure 26, the master controller is configured as a CLK master and as a voltage control loop master (SS and
RT pin connections). The slave controllers are configured as CLK slaves (RT pin tied to PVCC) and as voltage
control loop slaves (SS pin tied to PVCC).
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Figure 26. Single-Output Stacked Configuration
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The 10-kQ resistor connected from the CLKIO line to GND is required to ensure that the CLKIO line falls to GND
quickly when the master device is shutdown or powers off. The master CLKIO pin goes to a high impedance
state at these times and if the CLKIO line was high, there is no other active discharge part. The slave controllers
look at the CLKIO line to determine if the system is supposed to be running or not. A level below 0.5 V on CLKIO
is required for this purpose. If the CLKIO line remains high after that master is shut down, the slaves continue to
operate. This is seen as the slave LDRYV signal remaining high for a period of time after the master is shut down
and results in output voltage excursions that are not controlled.

NOTE
In any system configured to have a CLK master and CLK slaves, a 10-kQ resistor
connected from CLKIO to GND is required.

For simplicity of design, the compensation components shown on the master, as well as the components
connected to the RT and SS pins may be present on the slaves. This prevents separate designs being
necessary for master and slave circuits. The RT and SS pins can have jumper option to tie them to VDD to
program an individual device as a slave. These components were omitted in Figure 26.

Selection of the PSEL pin resistors is simple. First determine if the master should generate a CLK signal that is
suitable for 60 or 45 spacing of the phases. Select the appropriate PSEL connection option from Table 3. For the
slaves, determine the desired firing angle for each one and pick the appropriate resistor from either Table 4 or
Table 5 depending on the clock scheme chosen for the master.

Design Note: When used in a master/slave relationship and an overvoltage event occurs, only the control loop
master turns on the low-side FET to pull down the output voltage. This results in the master phase low-side FET
sinking all of the combined maximum current for the slaves. For example, if the per phase current limit is 10 A
and there are 4 phases, the master low-side FET could be required to pass 30 A for a brief time. The master
error amplifier is still active during this time and tries to have the slaves regulate the output voltage. As the
master COMP pin rises to the ILIM point, a fault event is sensed and the converter shuts down, and then initiate
a hiccup restart. Size the master low-side FET to handle the appropriate amount of surge current for 7 clock
cycles of the converter.

A connection diagram for several controllers sharing phase information and synchronized to each other but
having different output voltages is shown in Figure 27. This is similar to the previous example but here the
controllers are all control loop masters (SS not pulled to VDD) and control their own output voltages
independently. One device is configured as a CLK master (RT not tied to VDD) and is the clock generator for the
CLK slaves. Picking the PSEL resistors is the same as before. overcurrent in this configuration depends on
which controller senses the overcurrent event. If one of the CLK slaves experiences a fault, that converter only
shuts down, and enter the hiccup restart mode. If the CLK master controller senses an overcurrent, it stops
sending CLKIO pulses to the slaves, causing them to stop. The master then enters a hiccup recovery mode.
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Figure 27. Phase Share Multiple Output Configuration

Finally, a configuration diagram for multiple multiphase converters is shown in Figure 28. This is just a
combination of the two previous examples and should follow intuitively once those are understood. It is the
example of Figure 26 with a CLK slave but control loop master added to create a second output voltage while
sharing phasing information with the first converter group. A slave has been added to the second control loop
master controller in this case as well creating a grouping of controllers that provide a second output voltage. This
can have a significant impact on the required input filter capacitance if all the converters are located close to one
another.
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Figure 28. Multiple Multiphase Configuration

7.3.9 VSH Line in the Multiphase

The examples in Figure 26, Figure 27, and Figure 28 show the VSH line distributed among the various
controllers comprising a single-output voltage grouping. This is the recommended practice for best results.
However, if the ground potential difference between the controllers is not great (no more that 10 mV), distribution
of VSH among the controllers in a particular output voltage group may not be necessary. VSH is the valley
voltage of the controller and distributing it provides a known current reference signal among the controllers that
when compared with the distributed COMP signal from the master, serves to better balance the current among
the modules. If the ground potential between modules in the same output voltage grouping is small enough,
there error contributed by not distributing the VSH signal becomes on the order of systematic errors already
present and its usefulness is diminished. A decision must be made on an individual application basis.
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7.4 Device Functional Modes

7.4.1 Tracking

The TPS40180 can function in a tracking mode, where the output tracks some other voltage. To do this, a
voltage divider is connected from the voltage to be tracked to GND, with the tap of the divider connected to the
SS pin of the TPS40180 (see Figure 29). The capacitors C1 and C2 are required for two purposes. First they
provide a means for timing of overcurrent restart attempts. Second, they provide for matching output voltage
ramp up rate of the TPS40180 to the controlling external supply.

R5 TPS40180

R2
I c2

Copyright © 2016, Texas Instruments Incorporated

Figure 29. Tracking Setup

When choosing component values, the SS pin current (Iss) must be accounted for in order to prevent an offset in
the output of the TPS40180 converter and the tracked supply.

R1= R3 x R2 x Vier

where
*« R1,R2,R3,and R5 arein Q
* Vger is the reference voltage fo the TPS40180, 700 mV
* lss) is the SS pin current, 15 pA typical (12)

To use Equation 12, R3 and R5 must be known from the design of the compensation network and nominal
converter output voltage. R2 is then chosen arbitrarily. A value between 1 kQ and 10 kQ is suggested. Too large
a value and the tracking error is greater. Too small, and the requirements for C2 and C2 become excessive.
Once R1 and R2 have been chosen, C1 and C2 can be chosen. The R1-C1 time constant and the R2 C2 time
constant should match as in Equation 13.

R1x C1=R2x C2 (13)

Absolute matching of the time constants is not necessary for Equation 13. The nearest standard values of
capacitor provides satisfactory results. Pick a value for C1 or C2 and find the closest corresponding standard
value for the other capacitor.

7.5 Programming

7.5.1 Programming the Operating Frequency
A resistor is connected from the RT pin to GND to select the operating frequency of the converter. The
relationship between the desired operating frequency and the timing resistance is given by Equation 14.

3.675x10° 2.824x10*
RT = +

> —-5.355
(fsw) fsw
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Programming (continued)
where
* Rgyis the timing resistance in kQ
» fswis the desired switching frequency in kHz (14)

If this is a clock master, the switching frequency above is the per-phase switching frequency.

7.5.2 Programming the Soft-Start Time

The soft-start time is programmable by connecting a capacitor from the SS pin to GND. An internal current
source charges this capacitor providing a linear ramp voltage. This ramp voltage is the effective reference to the
error amplifier while it is less that the 700-mV internal reference. The time required for the SS pin to ramp from
GND to 700 mV is the soft-start time. For outputs that are not prebiased, that time is given in Equation 15.

_ Vrer xCss

Tss I
ss

where
e tgg is the soft-start time in seconds
e Cgg is the capacitor from SS to GND in pF
e lgg is the soft-start current in pA, 15-pA typical (15)

If the output of the converter has a pre-existing voltage on it, the soft start occurs a little differently. The SS pin
current is held to a lower value than normal until the PWM becomes active. This occurs as the SS pin voltage
exceeds the FB pin voltage and the COMP pin moves up into the ramp range, causing the first pulse. At that
point, the SS pin current is shifted to 15 pA nominal. Figure 30 and Figure 31 illustrate this.

A Sss
Vvop
0.8
> lss2 ~—# B
[ 0.7
S
S s
Ss \
ss1
0 -
>
y VOuT
VREG
>
5 V,
§ vour PRE-BIAS
°
> [
PGOOD
0 >
to t1 t2 t3
t-Time

Figure 30. Soft-Start Waveform for Prebiased Outputs
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Programming (continued)

out

@)
From CS
Amplifier
§ R1
0.7V
o FB Error Amplifier AN
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Ss - u3 * Logic
L] b2 ~—/
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Fault, UVLO,

Ol
X

Overtemperature

Figure 31. Soft-Start Implementation

Using Figure 30 provides Equation 16, Equation 17, and Equation 18.
1 Css X[VPREEHAS *Rpais ]

s R1+Rgjas
t2 = Css x| Vegr — [ Veresias X Reais ]
lss2 R1+Rgias
TSS = t1 + t2
where

e t, is the time to the first PWM pulse in seconds

e t,is the time from the first PWM pulse until regulation in seconds
* Csg) is the SS pin capacitor in uF

* sy is the SS1 pin charging current in YA, 7.5 HA

* sy is the SS2 pin charging current in pA, 15 pA

e Tggis the total soft-start time

7.5.3 Using the Device for Clock Master/Slave Operation

(16)

7

(18)

The TPS40180 can be operated as either a master clock source or a slave to a master clock as seen in Table 2.

Table 2. RT Voltage and Clock Master/Slave

RT VOLTAGE (VgT) CLOCK MODE
<05V Master (or single converter)
> 2V (tied to PVCC or VDD) Slave

In the clock master mode, the master clock frequency is set by connecting a resistor from the RT pin to GND. In
the clock master mode, the PSEL pin selects the CLKIO operating mode for the device. There are three possible

states defined in Table 3.

Table 3. PSEL Pin Modes for Clock Master

PSEL RESISTANCE TO GND (k) MODE
0 No CLKIO, CLKIO does not send out pulses
OPEN 8 phase CLKIO, CLKIO send out a pulse train for interleaving with 45° phase separation
29.4 6 phase CLKIO, CLKIO send out a pulse train for interleaving with 60° phase separation
28 Submit Documentation Feedback Copyright © 2007-2016, Texas Instruments Incorporated
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In the clock slave mode, the CLKIO pin is an input. The controller fires in a fixed relationship to the master
determined by the resistance placed from PSEL to GND, or is turned off to improve efficiency at light load. The
actual result depends on how the master CLKIO is programmed in either Table 4 or Table 5.

Table 4. PSEL Phase Programming for Slave With 8
Phase Master Clock

PHASE ANGLE (°) PSEL RESIS(':’(?;;ICE TO GND
Standby OPEN
45 0
90 14.7
135 29.4
180 47
225 68
270 95.3
315 127

Table 5. PSEL Phase Programming for Slave With 6
Phase Master Clock

PHASE ANGLE (°) PSEL RESIS(‘I"(?)I;ICE TO GND
Standby OPEN
0 95.3
60 0
120 14.7
180 29.4
240 47
300 68

When a slave senses any level change on the PSEL pin that would indicate a change in firing angle, it
momentarily goes into standby mode. When a slave leaves standby mode, it starts supplying current after 64
clock cycles have elapsed if the status of the PSEL pin has not changed from when the device entered standby
mode. In this way, a slave can have its firing angle dynamically changed depending on operating conditions. A
slave can be held in standby mode by allowing the PSEL pin to float.

7.5.4 Using the TPS40180 for Voltage Control Loop Master or Slave Operation

The TPS40180 can function as a voltage loop master or as a voltage loop slave. As a voltage loop master, the
TPS40180 behaves like a standard control device in that it regulates its output using its internal error amplifier
and reference. As a voltage loop slave, the TPS40180 takes the VSH and COMP signals from a voltage loop
master and the slave converter becomes an output current booster to the master converter. Current is shared
between the master and slave since both the current command reference (VSH) and the current command
(COMP) are being distributed form the master controller and used by the slave to set its output current. The error
amplifier in the master is responsible for overall voltage regulation. The error amplifier on the slave is
disconnected when configured as a voltage control loop slave.

To configure a TPS40180 as a voltage loop slave, connect the SS pin to VDD or PVCC. It is important that the
SS pin not fall more than 1 V below the PVCC voltage when starting up as a slave. If this condition is no met, the
controller may not start. For this reason, it is not recommended to tie SS to BP5 to configure the converter as a
voltage control loop slave.
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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 first design example describes the design process and component selection for a single-phase, synchronous
buck, DC/DC converter using the TPS40180 device. The design process and component selection for a two-
phase design are provided as well.

8.2 Typical Applications

8.2.1 Single Output Synchronous Buck Converter

Figure 32 illustrates the design process and component selection for a single output synchronous buck converter
using TPS40180. The design goal parameters are given in Table 6. A list of symbol definitions is found in Device
Nomenclature.
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Figure 32. Single-Output Converter Schematic
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8.2.1.1 Design Requirements

Table 6 lists the design parameters for the single output configuration from 12-V to 1.5-V DC-to-DC converter
using a TPS40180.

Table 6. Design Goal Parameters

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VN Input voltage 10.8 12 13.2 \%
Vout Output voltage 15 \%
VrippLe ~ Output ripple loutr=20 A 30 mV
lout Output current 20 A
fsw Switching frequency 280 kHz

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Inductor Selection

The inductor is determined by the desired ripple current. The required inductor is calculated by Equation 19.
L - Vinmax) — Vout L VOuyr 1

lRiPPLE ViNmax)  fsw (19)

Typically the peak-to-peak inductor current Igpp g is Selected to be around 25% of the rated output current. In
this design, Igpp g is targeted at 25% of Ioyr. The calculated inductor is 0.95 pH and in practical a 1-uH inductor
with 1.7-mQ DCR from Vishay is selected. The real inductor ripple current is 4.7 A.

8.2.1.2.2 Output Capacitor Selection

The output capacitor is typically selected by the output load transient response requirement. Equation 20
estimates the minimum capacitor to reach the undervoltage requirement with load step-up. Equation 21
estimates the minimum capacitor for over voltage requirement with load step-down. When Vymin) < 2 X Vour, the
minimum output capacitance can be calculated using Equation 20. Otherwise, Equation 21 is used.

Franmax) XL
Cour (MIN) = ()

2x(Vinming — Yout ) Vunper (20)

2
ITRAN(MAX) xL
2xVout * Vover (21)

Court(MIN) =

In this design, Viyminy iS much larger than 2 x Vgyr, so Equation 21 is used to determine the minimum
capacitance. Based on a 8-A load transient with a maximum of 60-mV deviation, a minimum 356-uF output
capacitor is required. Considering the capacitance variation and derating, four 220-uF, 4-V, SP capacitor are
selected in the design to achieve sufficient margin. Each capacitor has an ESR of 5 mQ.

Another criterion for capacitor selection is the output ripple voltage. The output ripple is determined mainly by the
capacitance and the ESR. With an 880-uF output capacitance, the ripple voltage at the capacitor is calculated to
be 1.5 mV. In the specification, the output ripple voltage should be less than 30 mV, so based on Equation 22,
the required maximum ESR is 9.4 mQ. The selected capacitors can meet this requirement.

lRiPPLE
8x Couyr xfsw

v v VRIPPLE(TotOUT) —(
RIPPLE(TotoUT) — VRIPPLE(COUT)
ESRg, = _

lRiPPLE lRiPPLE (22)

8.2.1.2.3 Input Capacitor Selection

The input voltage ripple depends on input capacitance and ESR. The minimum capacitor and the maximum ESR
can be estimated by Equation 23 and Equation 24.

_ lout x Vout
Cini o =
IN(min) V., vV, f
RIPPLE(Cin) X VIN X Tsw (23)
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VRIPPLE(CinESR)
ESRCin =
lout +1/ 2lRippLE (24)

For this design, assume Vgppigcin) IS 100 mV and Vgppigcinesr) IS 50 mV, so the calculated minimum
capacitance is 89 pF and the maximum ESR is 2.3 mQ. Choosing four 22-pF, 16-V, 2-mQ ESR ceramic
capacitors meets this requirement.

Another important thing for the input capacitor is the RMS ripple current rating. The RMS current in the input
capacitor is estimated with Equation 25.

lrms cin= D x(1-D) xlgyr

where
* Dis the duty cycle (25)

The calculated RMS current is 6.6 A. Each selected ceramic capacitor has a RMS current rating of 4.3 A, so it is
sufficient to reach this requirement.

8.2.1.2.4 MOSFET Selection

The MOSFET selection determines the converter efficiency. In this design, the duty cycle is very small so that
the high-side MOSFET is dominated with switching losses and the low-side MOSFET is dominated with
conduction loss. To optimize the efficiency, choose smaller gate charge for the high-side MOSFET and smaller
Rps(on) for the low-side MOSFET. RENESAS HAT2167H and HAT2164H are selected as the high-side and low-
side MOSFET respectively. The power losses in the high-side MOSFET is calculated with the following
equations.

The RMS current in the high-side MOSFET is Equation 26.

ISW,__ = Dx{lom2 , [RipPLE2 J =7.08A
(26)
The Rps(onysw) 1S 9-3 mQ when the MOSFET gate voltage is 4.5 V. The conduction loss is Equation 27.
Psw (cond) = (Iswrms )2 % Rps(on)sw) = 047 W @7)
The switching loss is Equation 28.
lpk x Vin % fsw *Rpry x(Qgdsyy +Qgssyy )
PSW(sw) = Vatdry =0.35W
g (28)
The calculated total loss is the high-side MOSFET is Equation 29.
Pswtot) = Psw(cond) + Psw(sw) =0.82 W (29)
The RMS current in the low-side MOSFET is Equation 30.
lsRrms = (1—D)><{IOUT2  [miepLe2 J —18.7A
12 30)

The Rpgs(on)sr Of each HAT2164 is 4.4 mQ when the gate voltage is 4.5 V. Two HAT2164 FETs are used in this
design.

The conduction loss in the low-side MOSFETSs is Equation 31.

Rps
|:>SR(C0nd) = (Isrrms )2 x (W\J =0.77TW

(31)
The total power loss in the body diode is Equation 32.
PD|ODE = 2 X |OUT X tD X Vf X fSW = 039 W (32)
Therefore, the calculated total loss in the SR MOSFETS is Equation 33.
Poiope = Psr(cond) + Poiope =1.16 W 33)
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8.2.1.2.5 Peripheral Component Design
8.2.1.2.5.1 Switching Frequency Setting (RT)
3.675x10° 2.824x10*
Ry = o  _5.355=100kQ
(fsw) fsw (34)

In the design, a 95.3 kQ resistor is selected. The actual switching frequency is 280 kHz.

8.2.1.2.5.2 Output Voltage Setting (FB)

Substitute the top resistor R1 with 10 kQ in Equation 35, and then calculate the bottom bias resistor.

Vour -0.7 (35)
8.2.1.2.5.3 Current Sensing Network Design (CS+, CS-)
Choosing C1 a value for 0.1 pF, and calculating R with Equation 36.

Re— - _6ka
DCR x C1 (36)

8.2.1.2.5.4 Overcurrent Protection (ILIM)

ILIM pin is connected to VSH and VOUT pins with R1 and R2 respectively. Equation 8 and Equation 9 are used
to calculate the overcurrent setting resistors. The DC over current rating is set at 28 A. The calculated values are
41 kQ and 830 kQ for R1 and R2 respectively. In the final design, R1 and R2 are chosen as 36.5 kQ and
787 kQ for temperature and other tolerances compensation.

8.2.1.255 Vges (PVCC)
A 4.7-yF capacitor is recommended to filter noise.

8.2.1.2.5.6 BP5
A 4.7-Q resistor and 1-pF capacitor is placed between V REG and BP5 as a low-pass filter.

8.2.1.2.5.7 Phase Select (PSEL)

If the board is configured as a clock master for a multiphase application, an 8-phase CLKIO signal is generated if
PSEL pin is open, and a 6-phase CLKIO signal is generated if PSEL is tied to ground with a 29.4-kQ resistor. If
the board is stacked as a slave for a multiphase application, a different resistor value is selected. The PSEL
resistor selection is illustrated in the previous datasheet section.

8.2.1.2.5.8 VSHARE (VSH)
A 1-uF capacitor is tied from VSHARE to GND.

8.2.1.2.5.9 Powergood (PGOOD)
The PGOOD pin is tied to BP5 with a 10-kQ resistor.

8.2.1.2.5.10 Undervoltage Lockout (UVLO)

UVLO is connected to the input voltage with a resistor divider. The two resistors have the same value of 10 kQ.
When the input voltage is higher than 2 V, the internal linear regulator is enabled.

8.2.1.2.5.11 Clock Synchronization (CLKIO)
CLKIO is floating as no clock synchronization required for single output configuration.

8.2.1.2.5.12 Bootstrap Capacitor

A bootstrap capacitor is connected between the BOOT and SW pin. The bootstrap capacitor depends on the
total gate charge of the high-side MOSFET and the amount of droop allowed on the bootstrap capacitor (see
Equation 37).
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Qg
C =—==55nF
BOOT = 1y (37)
Qg is 11 nC and is 0.2 V in the calculation. For this application, a 0.1-uF capacitor is selected.
8.2.1.2.5.13 Soft Start (SS)
To get about 1-ms soft-start time, a 22-nF capacitor is tied to SS pin (see Equation 38).
lag x T,
Cog =255 _2onF
VRer (38)

Iss is the soft-start current which is 15-pA typically. Vree is the reference voltage, 0.7 V.

8.2.1.2.5.14 Remote Sense

VOUT and GSNS are connected to the remote sensing output connector. DIFFO is connected to the output
voltage setting resistor divider. If the differential amplifier is not used, VOUT and GSNS are suggested to be
grounded, and DIFFO is left open.

8.2.1.2.5.15 Feedback Compensator Design

Peak current mode control method is employed in the controller. A small signal model is developed from the
COMP signal to the output (see Equation 39).

_ 1 % 1 X(SXCOUT XESR+1)XROUT

VE() T DCRxAg  sxtg +1 sxCoyr xRoyt +1 (39)

The time constant is defined by Equation 40.

TS = T

Veamp | _( Vout |, porx A
n T L c
Vrawe | _( Vin = Vour xDCRx A — 2xVour xDCRx Ag

T L L (40)

Equation 40 is applied when the PWM pulse width is shorter than the current loop delay. The current loop delay
is typically 100 ns.

T

TS:
Vramp N Vin — Vour «DCR x A
n T L c

VRAMP _ VOUT XDCRXAC
T L

(41)

Equation 41 is applied when the PWM pulse width is longer than the current loop delay. The current loop delay is
typically 100 ns. Equation 42 is used in this design because the PWM pulse width is much larger than the current
loop delay. The low frequency pole is calculated by Equation 42.

1

2x7xCoyr xRouyt (42)
The ESR zero is calculated by Equation 43.
fesr = 1 =176.8 kHz
2xtxCqout xESR (43)

In this design, at Type Il compensator (Figure 33) is employed to compensate the loop.
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VREF
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C1
Il
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Figure 33. Type Il Compensator
The compensator transfer function is Equation 44.
GC(S)=R1 (C11 C2)>< sxR2xC2x+1
x(C1+
[RZ[WM
(C1+C2) (44)
The loop gain function is Equation 45.
Ty(s) = Gc(s) * Gveys) (45)

Assume the desired crossover frequency is 25 kHz, then set the compensator zero about 1/10 of the crossover
frequency and the compensator pole equal to the ESR zero. The compensator gain is then calculated to achieve
the desired bandwidth. In this design, the compensator gain, pole and zero are selected using Equation 46
through Equation 49.

1

fo = Cica " 176.8 kHz
2xan2x(( x )j
(C1+C2) (46)
= _25KHz
2xmtxR2xC2 (47
|TV(j><2><7r><fC)|=1 (48)
From Equation 48, the compensator gain is solved as 4.5 x 10°.
Agyt = ———— —6.29x10°
R1x (C1+ C2) (49)
Set R1 equal to 10 kQ, and then calculate all the other components.
e R2=40kQ
« Cl=22pF
+ C2=16nF

In the real laboratory practice, the final components are selected as following to increase the phase margin and
reduce PWM jitter.

e R1=10kQ
e R2=39kQ
» Cl=22pF
e C2=27nF
36 Submit Documentation Feedback Copyright © 2007-2016, Texas Instruments Incorporated
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8.2.1.3 Application Curves
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Figure 34. Efficiency Curve Figure 35. Output Load Regulation
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8.2.2 Simultaneous Tracking With TPS40180 Devices
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Figure 36. Simultaneous Tracking With TPS40180
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8.2.2.1 Design Requirements

The TPS40180 can function in a tracking mode, where the output tracks some other voltage. In the simultaneous
tracking design, the output voltages of two TPS40180 blocks needs to rise up and fall down with the same slew
rate.

8.2.2.2 Detailed Design Procedure

In Figure 36, the SS pin of Block Il is connected to the output voltage of Block | via voltage divider. A value
between 1 kQ and 10 kQ is suggested for the bottom. Here a 4.32-kQ resistor is selected for bottom resistor.
From Equation 12, the top resistor is calculated as 5.1 kQ.

From Equation 13, a 220-nF capacitor is selected in parallel with the top resistor, and a 270-nF capacitor is
selected in parallel with bottom resistor.

8.2.2.3 Application Curves

St
tVoa =18V o
E L Naap '
SS2 . . . P
A . . . . 1 (500 m\{ldiv):\ . : : : : ’ " " :
: ., ,, :;::: ....:;::::;::::;::::;:::: ?: .I;HH;HH;HH;HH HH;HH;HH;HH;IH
'f ........ """"" V
e v ; o Vss2
A A | . o| peoob2 % , (500 mVidiv) -
D T L i L 2Vidiv) /()
: d '
I SR E’ ..................................................
R W bttt bbb i e Figure38.SimultaneoustTrackingDown

Figure 37. Simultaneously Tracking Up

8.2.3 2-Phase Single Output With TPS40180
In Figure 39, Block | and Block Il are configured as master and slave respectively.
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Figure 39. 2-Phase Single Output Schematic with TPS40180

V|N =12 V, VOUT =15 V, IOUT =40 A
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8.2.3.1 Design Requirements
Table 7 lists the design parameters for this example application.
Table 7. Design Goal Parameters
PARAMETER TEST CONDITIONS MIN TYP MAX |  UNIT
VN Input voltage 10.8 12 13.2 Y
Vout Output voltage 15 \%
VR|pp|_E OUtpUt rlpple IOUT =40 A 30 mV
lout Output current 40 A
fsw Switching frequency 280 kHz

8.2.3.2 Detailed Design Procedure

8.2.3.2.1 Inductor Selection

The inductor is determined by the desired inductor ripple current. Use Equation 19 to calculate the inductor
value. In this design, Igpp g IS targeted at 25% of phase current. The calculated inductor is 0.95 pH and in
practical a 1-pH inductor with 1.7-mQ DCR is selected. The real inductor ripple current is 4.7 A.

8.2.3.2.2 Output Capacitor Selection

The output capacitor is typically selected by the output load transient response requirement. Equation 21 in the
single-phase design example is used. The inductor L in the equation is equal to the phase inductance divided by
number of phases.

Based on a 40-A load transient with a maximum of 30 mV deviation, a minimum 711-pyF output capacitor is
required. Considering the capacitance variation and derating, eight 220-uF SP capacitors are selected in the
design with sufficient margin. Each capacitor has an ESR of 5 mQ.

Another criterion for capacitor selection is the output ripple voltage that is determined mainly by the capacitance
and the ESR.

Due to the interleaving of channels, the total output ripple current is smaller than the ripple current from a single
phase. The ripple cancellation factor is expressed in Equation 50. In this design, the ripple cancellation factor is
0.857.

NPHX(D_i)X(m+1 D)
IRIP_NORN = Npn NeH
Dx(1-D)
where

« D is the duty cycle for a single phase

* Npy is the number of active phases, here it is equal to 2

* m = floor (Npy x D) is the maximum integer that does not exceed the (Npy x D), here mis 0 (50)
The output ripple current is then calculated in Equation 51. The maximum output ripple is with maximum input
voltage. In this design, the maximum output ripple is calculated as 4.03 A.
Vour x (1-D)
— I xIrP_NORM

L x fsw (51)

With 1.76-mF output capacitance, the ripple voltage from the capacitance is 1 mV. In the specification, the output

ripple voltage should be less than 30 mV, so based on Equation 22, the required maximum ESR is 7.2 mQ. The
selected capacitors must meet this requirement.

IriPPLE =

8.2.3.2.3 Input Capacitor Selection

The input voltage ripple depends on the input capacitance and ESR. The minimum capacitor and the maximum
ESR can be estimated by Equation 23 and Equation 24 in the single phase design example. The phase current
should be used in the calculation.
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8.2.3.2.4 Peripheral Component Design

8.2.3.2.4.1 PSEL Pin

Use Table 3 and Table 4 to configure PSEL pin. In this design, the PSEL pin of master controller is open to set 8
phase CLKIO. The CLKIO pin sends out a pulse train for interleaving with 45° phase separation. The PSEL pin of
slave controller is connected to GND through 47-kQ resistor to set 180° phase angle.

8.2.3.2.4.2 CLKIO Pin

The CLKIO pins of master and slave controllers must be connected together. A 10-kQ resistor is connected from
the CLKIO line to GND to ensure that the CLKIO line falls to GND quickly when the master controller is shutdown
or powers off.

8.2.3.2.4.3 RT Pin

In this design, the RT pin of master controller is connected to GND through 95.3-kQ resistor to set switching
frequency at 280 kHz per phase. The RT pin of slave controller is connected to VDD.

8.2.3.24.4 SSPin

The SS pin of master controller is connected to GND through 22-nF capacitor to get about 1-ms soft-start time.
The SS pin of slave parts to VDD pin is connected to VDD pin.

8.2.3.2.4.5 DIFFO Pin and FB Pin

The DIFFO pin and FB pin of master controller are connected to feedback and compensation network. The
DIFFO pin and FB pin of slave controller are open.

8.2.3.2.4.6 COMP Pin
The COMP pins of master and slave controller must be connected together.

8.2.3.2.4.7 VSH Pin

An individual VSH bypass capacitor is required by master and slave controller. The VSH pins of master and
slave controllers must be connected together.

8.2.3.2.4.8 Other Pins
Follow the design procedure of single-phase design for other peripheral components design.
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8.2.3.3 Application Curves

Master SW Node . . Slave SW Node..

. / (5V/d|v) . Y """ Y /(5 g\”diV)i

Figure 40. Switch Node and CLKIO Waveforms

Master-SW Node -

L (BVidiv)
................................... ¢
LALS RANH L ...... |nduct°r.cUrre|:1ts.

(5 A/div)

Figure 41. Current Balance at 0-A to 16-A Load
Step-Up, 2.5-A/us Slew Rate
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9 Power Supply Recommendations

The TPS40180 VDD is designed from voltage supply range from 5 V to 15 V. Good regulation of this input
supply is essential. The power stage input voltage range is from 2 V to 40 V. If the input supply is more distant
than a few inches from the power stage, the circuit may requires bulk capacitance in addition to ceramic bypass
capacitors.

10 Layout

10.1 Layout Guidelines

10.1.1 Power Stage

A synchronous BUCK power stage has two primary current loops. One is the input current loop which carries
high AC discontinuous current adn the other is the output current loop carrying a high DC continuous current.

The input current loop includes the input capacitors, the main switching MOSFET, the inductor, the output
capacitors and the ground path back to the input capacitors. To keep this loop as small as possible, it is
generally good practice to place some ceramic capacitance directly between the drain of the main switching
MOSFET and the source of the synchronous rectifier (SR) through a power ground plane directly under the
MOSFETS.

The output current loop includes the SR MOSFET, the inductor, the output capacitors, and the ground return
between the output capacitors and the source of the SR MOSFET. As with the input current loop, the ground
return between the output capacitor ground and the source of the SR MOSFET should be routed under the
inductor and SR MOSFET to minimize the power loop area.

The SW node area should be as small as possible to reduce the parasitic capacitance and minimize the radiated
emissions.

The gate drive loop impedance (HDRV-gate-source-SW and LDRV-gate-source-GND) should be kept to as low
as possible. The HDRV and LDRYV connections should widen to 20 mils as soon as possible out from the IC pin.

10.1.2 Device Peripheral

The TPS40180 provides separate signal ground (GND) and power ground (PGND) pins. It is required to separate
properly the circuit grounds. The return path for the pins associated with the power stage should be through
PGND. The other pins especially for those sensitive pins such as FB, RT and ILIM should be through the low
noise GND. The GND and PGND plane are suggested to be connected at the output capacitor with single 20 mil
trace.

A minimum 0.1-uF ceramic capacitor must be placed as close to the VDD pin and AGND as possible with at
least 15-mil wide trace from the bypass capacitor to the GND.

A 4.7-yF ceramic capacitor should be placed as close to the PVCC pin and PGND as possible.

BP5 is the filtered input from the PVCC pin. A 4.7-Q resistor should be connected between PVCC and BP5 and a
1-pF ceramic capacitor should be connected from BP5 to GND. Both components should be as close to BP5 pin
as possible.

When a DCR sensing method is applied, the sensing resistor is placed close to the SW node. It is connected to
the inductor with Kelvin connection. The sensing traces from the power stage to the chip should be away from
the switching components. The sensing capacitor should be placed very close to the CS+ and CS- pins. The
frequency setting resistor should be placed as close to RT pin and GND as possible. The VOUT and GSNS pins
should be directly connected to the point of load where the voltage regulation is required.

A parallel pair of 10-mil traces connects the regulated voltage back to the chip. They should be away from the
switching components. The PowerPAD should be electrically connected to GND.
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Layout Guidelines (continued)
10.1.3 PowerPad Layout™

The PowerPAD™ package provides low thermal impedance for heat removal from the device. The PowerPAD™
derives its name and low thermal impedance from the large bonding pad on the bottom of the device. The circuit
board must have an area of solder-tinned-copper underneath the package. The dimensions of this area depend
on the size of the PowerPAD™ package. Thermal vias connect this area to internal or external copper planes
and should have a drill diameter sufficiently small so that the via hole is effectively plugged when the barrel of the
via is plated with copper. This plug is needed to prevent wicking the solder away from the interface between the
package body and the solder-tinned area under the device during solder reflow. Drill diameters of 0.33 mm (13
mils) works well when 1-o0z copper is plated at the surface of the board while simultaneously plating the barrel of
the via. If the thermal vias are not plugged when the copper plating is performed, then a solder mask material
should be used to cap the vias with a diameter equal to the via diameter plus 0.1 mm minimum. This capping
prevents the solder from being wicked through the thermal vias and potentially creating a solder void under the
package. Refer to PowerPAD™ Thermally Enhanced Package for more information on the PowerPAD™
package.

10.2 Layout Example

AGND AGND

— ?_? R6 RS

—1R9 =
ILTM 11 Y QO % o

o

VSNS

-— | = — = -
1 E ¥

PcC f O

LSy B
PAD W

AQND

Figure 42. TPS40180 Recommended Layout for Peripheral Components
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Layout Example (continued)
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Figure 43. TPS40180 Peripheral Schematic
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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.

11.1.2 Device Nomenclature

Vingmin)
VIN(max)
Vour
lRiPPLE
ITRAN(Max)
VUNDER

VOVER

Minimum operating input voltage
Maximum operating input voltage
Output voltage

Inductor peak-peak ripple current
Maximum load transient

Output voltage undershot

Output voltage overshot

VrippLE(otouT) TOtal output ripple

VrippLe(couT)y Output voltage ripple due to output capacitance

VRIPPLE(CIN)

Input voltage ripple due to input capacitance

VrippLE(CinESR) INPUL VOltage ripple due to the ESR of input capacitance

Psw(cond) High side MOSFET switching loss

lswrms RMS current in the high side MOSFET

Rpsonysw)  ON drain-source resistance of the high side MOSFET
Psw(sw) High side MOSFET switching loss

Ipk Peak current through the high side MOSFET

Rpry Driver resistance of the high side MOSFET

Qgdsgy Gate to drain charge of the high side MOSFET
Qgssw Gate to source charge of the high side MOSFET
Vasw Gate drive voltage of the high side MOSFET

Psw(gate) Gate drive loss of the high side MOSFET

Qdsw Gate charge of the high side MOSFET

Pswitot) Total losses of the high side MOSFET

Psr(cond) Low side MOSFET conduction loss

ISRrms RMS current in the low side MOSFET

Rpsonysry  ON drain-source resistance of the low side MOSFET
Psr(gate) Gate drive loss of the low side MOSFET

Qdsr Gate charge of the low side MOSFET

Vgsr Gate drive voltage of the low side MOSFET

Poiope Power loss in the diode

tp Dead time between the condiction of high and low side MOSFET
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Device Support (continued)

\i Forward voltage drop of the body diode of the low side MOSFET
Psrtot) Total losses of the low side MOSFET

DCR Inductor DC resistance

Ac Gain of the current sensing amplifier, typically it is 13
Rout Output load resistance

Vramp Ramp amplitude, typically it is 0.5 V

T Switching period

Gucs) Control to output transfer function

Ges) Compensator transfer function

Ty(s) Loop gain transfer function

Acm Gain of the compensator

fp The pole frequency of the compensator

f; The zero frequency of the compensator

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.3 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 Tl'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.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

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

11.6 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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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
TPS40180RGER NRND VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 40180
TPS40180RGET NRND VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 40180
TPS40180RGETG4 NRND VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 40180

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer: The information provided on this page represents Tl'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. Tl 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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS40180RGER VQFN RGE

24

3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0

Q2

TPS40180RGET VQFN RGE

24

250 180.0 12.4 425 | 425 | 1.15 8.0 12.0

Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40180RGER VQFN RGE 24 3000 367.0 367.0 35.0
TPS40180RGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Ifi s L&
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0.3
PIN 1 INDEX AREA—] 1
4.1
3.9
0.3 f
0.2
DETAIL
OPTIONAL TERMINAL
TYPICAL
1 MAX
1o =
0.05
0.00
~— (28]
(0.2) TYP

,—EXPOSED
THERMAL PAD 0

13

SEE TERMINAL
DETAIL 5
T NE

()
S
25 -t -
28 D,
.
— -
2xfosH |/
24
PIN 1 ID
(OPTIONAL)

19 0.1@ [c[alB
& 0.050%)

4219013/A 05/2017

NOTES:

1. All linear 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 thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[2.45)
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|
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L— (3.8) —J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
o SOLDER MASK
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| I
| |
/ ‘
|
EXPOSED T __SOLDER MASK EXPOSED—", /kMETAL UNDER
OPENING Nt SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DRRINED
(PREFERRED)

SOLDER MASK DETAILS

4219013/A 05/2017

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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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

—= 4X (1.08) =
(0.64) TYP

24
24X (0.6) {J*B‘E %E}«B»G 7777777 —
195,
r
24X (0.25) I:D
(R0.05) TYP ! 060
SYMM C!j T | [I] TYP

qu | ) [Ijj (3.8)
=

-

i
|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4219013/A 05/2017

NOTES: (continued)

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

INSTRUMENTS
www.ti.com




IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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