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TWO-PHASE, SYNCHRONOUS BUCK CONTROLLER WITH INTEGRATED MOSFET
DRIVERS

FEATURES

¢« Two-Phase Interleaved Operation

e 3-Vto 40-V Power Stage Operation Range

e Supports Up to 6-V Vg, With External Divider

¢ Requires VIN5 @ 50 mA, Typical, Depending
on External MOSFETs and Switching
Frequency

¢ 1-pA Shutdown Current

« Programmable Switching Frequency up to 1
MHz/Phase

¢ Current Mode Control with Forced Current
Sharing

« Better than 1% Internal 0.7-V Reference

¢ Resistive Divider Sets Direct Output Over
Voltage Threshold and Sets Input
Undervoltage Lockout

e True Remote Sensing Differential Amplifier

¢ Resistive or Inductor’'s DCR Current Sensing

e 30-pin TSSOP or 32-Pin QFN Packages

e Can Be Used with TPS40120 to Provide a 6-Bit
Digitally Controlled Output

DBT PACKAGE

(TOP VIEW)
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COMP 1] 12 19 [T RT

VREF [1]13 18 [T1 PGOOD

DROOP 1] 14 17 1T 1L
FB 1|15 16 | T1 EN/SYNC

APPLICATIONS

e Graphic Cards

e Internet Servers

¢ Networking Equipment

e Telecommunications Equipment
« DC Power Distributed Systems

DESCRIPTION

The TPS40130 is a two-phase synchronous buck
controller that is optimized for low-output voltage,
high-output current applications powered from a
supply between 3 V and 40 V. A multi-phase
converter offers several advantages over a single
power stage including lower current ripple on the
input and output capacitors, faster transient response
to load steps, improved power handling capabilities,
and higher system efficiency.

Each phase can be operated at a switching
frequency up to 1 MHz, resulting in an effective
ripple frequency of up to 2 MHz at the input and the
output. The two phases operates 180 degrees
out-of-phase.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘g I\ during storage or handling to prevent electrostatic damage to the MOS gates.

SIMPLIFIED APPLICATION DIAGRAM
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ORDERING INFORMATION
Ta PACKAGE PART NUMBER
Plastic TSSOP(DBT)®) TPS40130DBT@®)
Plastic QFN (RHB) TPS40130RHB

-40°C to 85°C

(1) The DBTpackage is also available taped and reeled. Add an R sulffix to the device type (i.e.,
TPS40130DBTR).

(2) The TPS40130DBTRG4 is a lead (Pb) free product, which means that it is compatible with current
ROHS requirements for all 6 substances, including the requirement that lead not exceed 0.1% by
weight in homogeneous material. In addition, this part has NiPdAu plated copper lead frame and is
rated at MSL level 2 at 260°C according to JEDEC 020C Standards.

(3) Release date for the TPS40130DBTRG4 TBD.

ABSOLUTE MAXIMUM RATING
over operating free-air temperature range unless otherwise noted®

TPS40130 UNITS
SW1, SwW2 -1to 44 v
Input voltage range BOOT1, BOOT2 -0.3to0 Vg + 6.0
All other pins -0.310 6.0
Sourcing current RT 200 HA
T, Operating junction temperature range -40 to 125 °C
Tstg Storage temperature -55 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

MIN  NOM  MAX| UNIT
VN Input voltage 3.0 40 Y

Ta Operating free-air temperature -40 85 °C
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ELECTRICAL CHARACTERISTICS

T, =-40°C to 85°C, V|, =12 V, Ry = 64.9 kQ, T, = T, (unless otherwise noted)

PARAMETER

| TEST CONDITIONS

MIN|  TYP|  MAX| UNIT

VINS INPUT SUPPLY

VN Operating voltage range, VINS 4.5 5.0 5.5 \Y
In Shutdown current, VIN5 EN/SYNC = GND 1 5 HA
Operating current Outputs switching, No load 0.5 1.0 15| mA
BP5 INPUT SUPPLY
Operating voltage range 4.3 5.0 5.5 \Y
Igps Operating current Veg < Vger, Outputs switching, no external FETs 2 3 5/ mA
Turn-on BP5 rising 4.00 4.25 4.45 \Y
Turn-off hysteresis() 150 mv
OSCILLATOR/SYNCHRONIZATION
Phase frequency accuracy Rt =64.9 kQ 360 415 455
Phase frequency set range® 100 1200| kHz
Synchronization frequency range®) 800 9600
Synchronization input threshold (@) Vgps/2 \%
EN/SYNC
Enable threshold Pulse width > 50 ns 0.8 1.0 15 v
Voltage capability(?) Vgps
PWM
Maximum duty cycle per channel®) 87.5%
Minimum duty cycle per channel®) 0
VREF
Voltage reference | lLoap = 100 pA 0.687 | 0.700 | 0.709 \Y
ERROR AMPLIFIER
Vea | yotage eediac tinmed (nckng st o0 omos|
CMRR | Input common mode range (%) 0.0 0.7 2.0
Input bias current Veg=0.7V 55 150 nA
Input offset voltage Value trimmed to zero 0 \%
Isrc Output source current® Veomp = 1.1V, Veg = 0.6 V 2
IsiNK Output sink current(® Veomp = 1.1V, Vg =Vpps 2 mA
VoHr High-level output voltage lcomp = -1 MA 2.5 2.9 v
VoL low-level output voltage lcomp = 1 MA 0.5 0.8
Gaw Gain bandwidth@ 3 5 MHz
AvoL Open loop gain® 60 90 dB

(1) Ensured by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
T, =-40°C to 85°C, V| = 12V, Rgr = 64.9 kQ, T, = T, (unless otherwise noted)

PARAMETER | TEST CONDITIONS | miN|  TYP|  MAX| uNIT
SOFT START
Iss Soft-start source current gggcilr?;ks after EN/SYNC before SS current 3.5 5.0 6.5
Vss Fault enable threshold voltage 0.95 1.00 1.05 \Y
CURRENT SENSE AMPLIFIER
Input offset voltage CS1, CSs2 -5 4 10 mV
Gain transfer to PWM comparator -100 mV £ Vg 100 mV, Vegrr = 1.5V 5.1 5.6 6.1 VIV
Transconductance to DROOP Ves - Vesrrn = 100 mV 40 HA
Gain variance between phases Vcs - Vesrtn = 100 mV -4% 4%
Input offset variance Ves=0V -3.5 35| mv
Offset current at DROOP Ves-Vesrin =0V 6 HA
Input common mode @ 0 Vgps-0.7 \Y
Bandwidth @) 18 MHz
DIFFERENTIAL AMPLIFIER
Gain 1 VIV
Gain tolerance Vour =4V Vs Vour =0.7V, Vgsns =0V -0.5% 0.5%
CMRR | Common mode rejection ratio@ 0.7 V< Vour < 4.0V 60 dB
Output source current Vout - Vesns = 2.0V, Vpjrpo= 1.98 V 4 mA
Output sink current Vout - Vesns = 2.0V, Vpjppo2 2.02 V 4
Input offset voltage @ 0.7 V< Vour <4.0V 5/ mv
Bandwidth @ 5 MHz
Input impedance, non-inverting @ Vourt to GND 40 -
Input impedance, inverting(@ Vgsns 10 Voiero 40
GATE DRIVERS
Source on-resistance, HDRV1, Veoot1 =5V, VBO_OTZ =5V, Vgw1 =0V, 1.0 20 35
HDRV2 Vswo = 0V, Sourcing 100 mA o
Sink on-resistance, HDRV1, HDRV?2 \\523&”:1 5 SX'/SVV:*ZO% WAL S 05| 10 2.0
Source on-resistance, LDRV1, Vvins = 5V,Vew1 =0V, Vg2 =0V, 1 5 35
LDRV2 Sourcing 100 mA o
Sink on-resistance, LDRV1, LDRV2 \s/ivrmiSnZ 2o Vow =0V Vowz =0V, 030| 075 150
trise Rise time, HDRV () Cloap =3.3nF 25 75
teaLL Fall time, HDRV® Cloap =3.3nF 25 75
trise Rise time, LDRV® Cloap =3.3nF 25 75
teaLL Fall time, LDRV®) Cloap =3.3nF 25 60| ns
. SW falling to LDRYV rising 50
toeap | Dead time® : —
LDRYV falling to SW rising 30
ton Minimum controllable on-time @ Cloap =3.3nF 150
OUTPUT UNDERVOLTAGE FAULT
Vg relative to GND 560 588 610, mVv
Undervoltage fault threshold -
Vg relative to Vyrge -20% -16% -13%
OUTPUT OVERVOLTAGE SET
Vovser relative to GND 796 817 832 mv
Overvoltage threshold -
Vovser relative to Vyrer 14% 16% 19%

(2) Ensured by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
T, =-40°C to 85°C, V| = 12V, Rgr = 64.9 kQ, T, = T, (unless otherwise noted)

PARAMETER | TEST CONDITIONS MN|  TYP|  mAX| uniT
RAMP
Ramp amplitude 3 0.4 0.5 0.6 v
Ramp valley®) 1.4
POWER GOOD
PGOOD high threshold Vg relative to Vger 10% 14%
PGOOD low threshold Vgg relative to Vger -14% -10%
VoL Low-level output voltage lpgoop = 4 MA 0.35 0.60 \Y
ILEAK PGOOD bias current Vpgoop = 5.0 V 50 80
Current sense fault 4 Current from CS1, CS2 5 HA
INPUT UVLO PROGRAMMABLE
Input threshold voltage, turn-on 0.9 1.0 1.1 v
Input threshold voltage, turn-off 0.810
LOAD LINE PROGRAMMING
IbroOOP | Pull-down current Veg = 100 mV 30 | 40 | 50 HA

(3) Ensured by design. Not production tested.
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DBT PACKAGE RHB PACKAGE
(TOP VIEW) (TOP VIEW)
S Sog% S
S 2Z 2L
LDRV1 [T]10 30 7] PGND I5>59a956<
VINS 1] 2 29 | 1T71 LDRV2 UUUUUUUU
Swi1 13 28111 SW2 32 31 30 29 28 27 26 25
HDRV1 1] 4 27 |11 HDRV2 BOOT1 [ 4 24 NC
BOOT1 [I]5 26 | T 1 BOOT?2 OVSET [D , 23| BOOT2
OVSET 16 2511 sS
VOUT [ D 3 22 SS
VOUT [1T}7 24T UVLO
GSNS T8 23 713 BPS GSNS [ 4 21C) uvLo
DIFFO [1]9 22 |”T1 AGND DIFFO [DO 5 20 BP5
Csi[T]10 21T Cs2 cs1 o s 19C ] AGND
CSRT1 11 20 [T1 CSRT2
CSRT1 [ 7 18C) cs2
COMP [ 12 L RT 17
VREF [1]13 18 [T PGOOD NC 1285 10 11 1213 14 15 16 CSRT2
DROOP 1|14 17 [T 1Lm AONNANNNN
T 115 16 11 oL o moO Q =
FB EN/SYNC ELUOLLZ§ODC
o X oo > = 0
O~ x Y O
o zZ o
I
Terminal Functions
TERMINAL
110 DESCRIPTION
NO.
NAME
RHB | DBT
AGND 19 22 - Low noise ground connection to the device.
Provides a bootstrapped supply for the high-side FET driver for PWM1, enabling the gate of the
BOOT1 1 5 | high-side FET to be driven above the input supply rail. Connect a capacitor from this pin to SW1 pin
and a Schottky diode from this pin to VIN5.
Provides a bootstrapped supply for the high-side FET driver for PWM2, enabling the gate of the
BOOT2 23 26 | high-side FET to be driven above the input supply rail. Connect a capacitor from this pin to SW2 pin
and a Schottky diode from this pin to VIN5.
Filtered input from the VIN5 pin. A 10-Q resistor should be connected between VIN5 and BP5 and a
BP5 20 23 . . s
1.0-pF ceramic capacitor should be connected from this pin to ground.
COMP 12 Output of the error amplifier. The voltage at this pin determines the duty cycle for the PWM.
Cs1 10 | | These pins are used to sense the inductor phase current. Inductor current can be sensed with an
external current sense resistor or by using an external R-C circuit and the inductor's DC resistance.
The traces for these signals must be connected directly at the current sense element. See Layout
Guidelines for more information. After the device is enabled and prior to the device starting (during the
first 32 clock cycles), a 5-pA current flows out of these pins. The current flows through the external
Cs2 18 21 ' components: current sense resistor, Res, the output inductor and the output capacitor(s) to ground. If
the voltage on the CS1, and CS2 pins exceed 0.2 V (resistance greater than 40 kQ), a fault is
declared and the device does not start. This is a fault detection feature that insures the output
inductor, current sense resistor and output capacitors are installed properly on the board.
CSRT1 7 1 O | Return point of current sense voltage. The traces for these signals must be connected directly at the
CSRT?2 17 20 O | current sense element. See Layout Guidelines for more information.
Output of the differential amplifier. The voltage at this pin represents the true output voltage without IR
DIFFO 5 9 O | drops that result from high-current in the PCB traces. The VOUT and GSNS pins must be connected
directly at the point of load where regulation is required. See Layout Guidelines for more information.
This is the input to the non-inverting input of the Error Amplifier. This pin is normally connected to the
DROOP 1 14 | VREF pin and is the voltage that the feedback loop regulates to. This pin is also used to program
droop function. A resistor between this pin and the VREF pin sets the desired droop value. The value
of the DROOP resistor is described in Equation 23.
A logic high signal on this input enables the controller operation. A pulsing signal to this pin
EN/SYNC 13 16 | synchronizes the rising edge of SW to the falling edge of an external clock source. These pulses must
be greater than 8.2 times the free running frequency of the main oscillator set by the RT resistor.
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Terminal Functions (continued)

TERMINAL
110 DESCRIPTION
NO.
NAME
RHB | DBT

FB 12 15 | Inverting input of the error amplifier. In closed loop operation, the voltage at this pin is the internal
reference level of 700 mV. This pin is also used for the PGOOD and undervoltage comparators.

GSNS 4 8 | Inverting input of the differential amplifier. This pin should be connected to ground at the point of load.

HDRV1 32 4 o Gate drive output for the high-side N-channel MOSFET switch for PWM1. Output is referenced to
SW1 and is bootstrapped for enhancement of the high-side switch.

HDRV2 o5 27 o Gate drive output for the high-side N-channel MOSFET switch for PWM2. Output is referenced to
SW?2 and is bootstrapped for enhancement of the high-side switch
Used to set the cycle-by-cycle current limit threshold. If ILIM threshold is reached, the PWM cycle is
terminated and the converter delivers limited current to the output. Under these conditions the
undervoltage threshold eventually is reached and the controller enters the hiccup mode. The

ILIM 14 17 | controller stays in the hiccup mode for seven (7) consecutive cycles of SS voltage rising from zero to
1.0 V. At the eighth cycle the controller attempts a full start-up sequence. The relationship between
ILIM and the maximum phase current is described in and Equation 3. See the Overcurrent
Protection section for more details.
Gate drive output for the low-side synchronous rectifier (SR) N-channel MOSFET for PWM1. See

LDRV1 29 1 (0] : . .
Layout Considerations section.
Gate drive output for the low-side synchronous rectifier (SR) N-channel MOSFET for PWM2. See

LDRV2 21 29 o Layout Considerations section.

NC 8 o ,

- - No connect. This pin is mechanical only.

NC 24

OVSET 2 6 | A resistor divider, on this pin connected to the output voltage sets the overvoltage sense point.
Power good indicator of the output voltage. This open-drain output connects to a voltage via an

PGOOD 15 18 o external resistor. When the FB pin voltage is between 0.616 V to 0.784 V (88% to 112% of VREF),
the PGOOD output is in a high impedance state. If the DROOP function is implemented, the
programmed droop voltage must be within this window.

PGND 28 30 ) Power ground reference for the controller lower gate drivers. There should be a high-current return
path from the sources of the lower MOSFETS to this pin.

RT 16 19 | Connecting a resistor from this pin to ground sets the oscillator frequency.
Provides user programmable soft-start by means of a capacitor connected to the pin. If an

SS 22 25 | undervoltage fault is detected the soft-start capacitor cycles 7 times with no switching before a normal
soft-start sequence allowed.
Connect to the switched node on converter 1. Power return for the channel 1 upper gate driver. There

SW1 31 3 | should be a high-current return path from the source of the upper MOSFET to this pin. It is also used
by the adaptive gate drive circuits to minimize the dead time between upper and lower MOSFET
conduction.
Connect to the switched node on converter 2. Power return for the channel 2 upper gate driver. There

SW2 26 28 | should be a high-current return path from the source of the upper MOSFET to this pin. It is also used
by the adaptive gate drive circuits to minimize the dead time between upper and lower MOSFET
conduction.

UVvVLO 21 24 O | A voltage divider from VIN to this pin, set to 1V, determines the input voltage that starts the controller.
Non-inverting input of the differential amplifier. This pin should be connected to VOUT at the point of

VOUT 3 7 e} load

VREF 10 13 O | Output of an internal reference voltage. The load may be up to 100 pA DC.

VIN5S 30 2 | Power input for the device. A 1.0-uF ceramic capacitor should be connected from this pin to ground.

8
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FUNCTIONAL BLOCK DIAGRAM
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: Us Swi
us u2 _| u3 Anti
VREF [13 v = :I Cross VINS
U1l _ -“. PWM1 I: Conduction
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U2 ICTLR |
h
FB (15 - A PGND
E'] |
s ® U4 |
u13 PWM |
I 5 A LoGIC 26| BOOT2
COMP |12 u15
»
AN T HDRV2
cs2 } Ramp2 -
u14
28| swz2
e &
L
uv ss | PwMm2 []_ Cross VINS !
LM |17 u20 Conduction I
Power-On Reset FB —9»] u19 ov A !
UVLO |24 ocC/uv . LDRV2
VINS U2z Detect ocC
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|

u25
QV Detect
|

UDG-04030

FUNCTIONAL DESCRIPTION

The TPS40130 uses programmable fixed-frequency, peak current mode control with forced phase current
balancing. When compared to voltage-mode control, current mode results in a simplified feedback network and
reduced input line sensitivity. Phase current is sensed by using either the DCR (direct current resistance) of the
filter inductors or current sense resistors installed in series with output. The first method involves generation of a
current signal with an R-C circuit (shown in the applications diagram). The R-C values are selected by matching
time constants of the RC circuit and the inductor time constant, RxC = L/DCR. With either current sense
method, the current signal is amplified and superimposed on the amplified voltage error signal to provide current
mode PWM control.

Output voltage droop can be programmed to improve the transient window and reduce size of the output filter.

Other features include: a true differential output sense amplifier, programmable current limit, programmable
output over-voltage set-point, capacitor set soft-start, power good indicator, programmable input undervoltage
lockout (UVLO), user programmable operation frequency for design flexibility, external synchronization
capability, programmable pulse-by-pulse overcurrent protection, output undervoltage shutdown and restart.
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FUNCTIONAL DESCRIPTION (continued)

Startup Sequence

shows a typical start up with the VIN5 and BP5 applied to the controller and then the EN/SYNC being
enabled. Shut down occurs when the VIN5 is removed

VINS

(4

[ S [ ———

N

BP5
|
EN/SYNC .
|
10V !
0.7vV=TTTTTTo 1

ss

-
-
\Tm

Figure 1. Startup and Shutdown Sequence

Differential Amplifier (U7)

The unity gain differential amplifier with high bandwidth allows improved regulation at a user-defined point and
eases layout constraints. The output voltage is sensed between the VOUT and GSNS pins. The output voltage
programming divider is connected to the output of the amplifier (DIFFO). The differential amplifier input voltage
must be lower than (Vgps - 0.7 V).

If there is no need for a differential amplifer, the differential amplifier can be disabled by connecting the GSNS
pin to the BP5 pin and leaving VOUT and DIFFO open. The voltage programming divider in this case should be
connected directly to the output of the converter.

VOUT TPS40130DBT
20kQ

4_[7 Differential

20kQ Amplifier DIFFO
>

GSNS
20kQ 20kQ

4—[?] AN AN
UDG-04081

Figure 2. Differential Amplifier Configuration

Because of the resistor configuration of the differential amplifier, the input impedance must be kept very low or
there will be error in setting the output voltage.
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FUNCTIONAL DESCRIPTION (continued)
Current Sensing and Balancing (U1, U9 and U18)

The controller employs peak current mode control scheme, thus naturally provides certain degree of current
balancing. With current mode, the level of current feedback should comply with certain guidelines depending on
duty factor known as “slope compensation” to avoid the sub-harmonic instability. This requirement can prohibit
achieving a higher degree of phase current balance. To avoid the controversy, a separate current loop that
forces phase currents to match is added to the proprietary control scheme. This effectively provides high degree
of current sharing independent of the controller's small signal response and is implemented in U9, ICTLR.

High bandwidth current amplifiers, U1 and U18 can accept as an input voltage either the voltage drop across
dedicated precise current sense resistors, or inductor's DCR voltage derived by an RC network, or thermally
compensated voltage derived from the inductor's DCR. The wide range of current sense arrangements ease the
cost/complexity constrains and provides superior performance compared to controllers utilizing the low-side
MOSFET current sensing. The current sense amplifier inputs must not exceed 4 V. See the Inductor DCR
Current Sense section for more information on selecting component values for the R-C network.

PowerGood

The PGOOD pin indicates when the inputs and output are within their specified ranges of operation. Also
monitored are the EN/SYNC and SS pins. PGOOD has high impedance when indicating inputs and outputs are
within specified limits and is pulled low to indicate an out-of-limits condition. Some applications may require
hysteresis on the PGOOD signal to avoid a PGOOD signal bounce. A simple method to achieve this (and
thereby eliminate any PGOOD signal bounce) is to add a small resistor (R,) and capacitor (C,) between the FB
pin and the PGOOD pin. See for implementation.

Vout Optiond components for
hysteresis

10kQ

ﬂ
ey

N

Rpias

0.784V

PGOOD window
comparator

UDG-05078

Figure 3. Adding Hysteresis to the PGOOD Signal

To select R, and C,, the following criteria can be used.

Vo, — V
A BIAS [(1,3 X 0.16 X Vg
(€]

Vpy and the PGOOD pull-up voltage and Vg is the TPS40130 internal reference voltage. The factor 1.3 in
provides a margin for robustness.
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FUNCTIONAL DESCRIPTION (continued)

100 ns
C, ==10>
A 2

Even though C, may calculate to less than 1 pF, a capacitance of no more than 4.7 pF is recommended.

Soft-Start

A capacitor connected to the soft start pin (SS) sets the power-up time. When EN is high and POR is cleared,
the calibrated current source, U13, starts charging the external soft start capacitor. The PGOOD pin is held low
during the start up. The rising voltage across the capacitor serves as a reference for the error amplifier, U12.
When the soft-start voltage reaches the level of the reference voltage, U8 (V\ge=0.7V), the converter’s output
reaches the regulation point and further voltage rise of the soft start voltage has no effect on the output. When
the soft start voltage reaches 1.0 V, the power good (PGOOD) function is cleared to be reported on the PGOOD

pin. Normally the PGOOD pin goes high at this time. is used to calculate the value of the soft-start
capacitor.

. 0.7 X Cqg

SS 5x 10-6 3

Overcurrent Protection

The overcurrent function, U19, monitors the output of current sense amplifiers U1 and U18. These currents are
converted to voltages and compared to the voltage on the ILIM pin. The relationship between the maximum
phase current and the current sense resistance is given in the following equation. In case a threshold of V, /2.7
is exceeded the PWM cycle on the associated phase is terminated. The overcurrent threshold, Ipymax, and the
voltage to set on the ILIM pin is determined by Equation 4 and Equation 5.

Vium = 2.7 X lpymaxy X Res @)
| _ lout N (VIN - VOUT) X Vour
PH(max) 2 2 X Loyt X fsw X Vin

®)
where

*  lpymax is @ maximum value of the phase current allowed

e gyt is the total maximum DC output current

* Rcsis a value of the current sense resistor used or the DCR value of the output inductor, Loyt

If the overcurrent condition persists, both phases have PWM cycles terminated by the overcurrent signals. This
puts a converter in a constant current mode with the output current programmed by the ILIM voltage. Eventually
the supply-and-demand equilibrium on the converter output is not satisfied and the output voltage starts to
decline. When the undervoltage threshold is reached, the converter enters a hiccup mode. The controller is
stopped and the output is not regulated any more, the soft-start pin function changes.

It now serves as a hiccup timing capacitor controlled by U20, the fault control circuit. The soft-start pin is
periodically charged and discharged by U20. After seven hiccup cycles, the controller attempts another soft-start
cycle to restore normal operation. If the overload condition persists, the controller returns to the hiccup mode.
This condition may continue indefinitely. In such conditions the average current delivered to the load is
approximately 1/8 of the set overcurrent value.

Current Sense Fault Protection

Multiphase controllers with forced current sharing are inherently sensitive to a failure of the current sense
component or a defect in the assembly process. In case of such failure the entire load current can be steered
with catastrophic consequences into a single channel where the fault has occurred. A dedicated circuit in the
TPS40130 controller detects this defect and prevents the controller from starting up. This fault detection circuit is
active only during chip initialization and does not protect should current sense failure happen during normal
operation.
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FUNCTIONAL DESCRIPTION (continued)

After the device is enabled and prior to the IC starting (during the first 32 clock cycles), a 5-pA current flows out
of the CS1 and CS2 pins. The current flows through the external components: current sense resistor, Rcg, the
output inductor and the output capacitor(s) to ground. If the voltage on the CS1 and CS2 pins exceed 0.2 V
(resistance greater than 40 kQ), a fault is declared and the device does not start. This is a fault detection feature
that insures the output inductor, current sense resistor and output capacitors are installed properly on the board.

Overvoltage Protection

The voltage on OVSET is compared with 0.817 V, 16% higher than VREF, in U25 to determine the output
overvoltage point. When an overvoltage is detected, the output drivers command the upper MOSFETs off and
the lower MOSFETs on. If the overvoltage is caused by a shorted upper MOSFET, latching on the lower
MOSFET should blow the input fuse and protect the output. Hiccup mode consisting of seven (7) soft-start
timing cycles is initiated and then attempts to restart. If the overvoltage condition has been cleared and the input
fuse has not opened, the output comes up and normal operation continues. If the overvoltage condition persists,
the controller restarts to allow the output to rise to the overvoltage level and return to the hiccup mode. Using a
voltage divider with the same ratio, that sets the output voltage, an output overvoltage is declared when the
output rises 16% above nominal.

Output Undervoltage Protection

If the output voltage, as sensed by U19 on the FB pin becomes less than 0.588 V, the undervoltage protection
threshold (84% of VREF), the controller enters the hiccup mode as it is described in the Overcurrent Protection
section.

Programmable Input Undervoltage Lockout Protection

A voltage divider that sets 1V on the UVLO pin determines when the controller starts operating. Operation
commences when the voltage on the UVLO pin exceeds 1.0 V.

Power-On Reset (POR)

The power-on reset (POR) function, U22, insures the VIN5 and BP5 voltages are within their regulation windows
before the controller is allowed to start.

Fault Masking Operation

If the SS pin voltage is externally limited below the 1-V threshold, the controller does not respond to most faults
and the PGOOD output is always low. Only the overcurrent function and current sense fault remain active. The
overcurrent protection still continues to terminate PWM cycle every time when the threshold is exceeded but the
hiccup mode is not entered.

Fault Conditions and MOSFET Control
shows a summary of the fault conditions and the state of the MOSFETS.

Table 1. Fault Condifions

FAULT MODE UPPER MOSFET LOWER MOSFET
EN/SYNC = LOW OFF OFF
FIXED UVLO, Vgps < 4.25 V OFF OFF
Programmable UVLO, < 1.0 V OFF ON
Output undervoltage OFF, Hiccup mode ON, Hiccup mode
Output overvoltage OFF, Hiccup mode ON, Hiccup mode
ISF, current sense fault OFF ON
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Setting the Switching Frequency

The clock frequency is programmed by the value of the timing resistor connected from the RT pin to ground.
See Equation §.

3
R, = 0.8 (36><10)_9
fon

foy is a single phase frequency, kHz. The RT resistor value is expressed in kQ. See Figure 4.

©)

500

450

400 ‘

350

300

250 \\
200

150

Rt — Timing Resistance -k Q

100

N

50 S———

0

0 200 400 600 800 1000
fsw — Phase Switching Frequency — kHz

Figure 4. Phase Switching Frequency vs. Timing Resistance

EN/SYNC Function

The output ripple frequency is twice that of the single phase frequency. The switching frequency of the controller
can be synchronized to an external clock applied to the EN/SYNC pin. The external clock synchronizes the
rising edge of HDRV and the falling edge of an external clock source. The external clock pulses must be at a
frequency at least 8.2 times higher than the switching frequency set by the RT resistor.
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Setting Overcurrent Protection

Setting the overcurrent protection is given in the following equations. Care must be taken when calculating V,
to include the increase in Rcg caused by the output current as it approaches the overcurrent trip point. The DCR
(Res in the equation) of the inductor increases approximately 0.39% per degree Centigrade.

Viom = 2.7 X lpymax) X Res )
| _ lout N (VIN - VOUT) X Vour
PH(max) 2 2 X Loyt X faw X VN

(8
where

*  lpymax is @ maximum value of the phase current allowed

* oyt is the total maximum DC output current

e Loyt is the output inductor value

o fswis the switching frequency

*  Vgyr is the output voltage

e V) is the input voltage

* Rcsis a value of the current sense resistor used or the DCR value of the output inductor, Loyt

Resistor Divider Calculation for VOUT, ILIM, OVSET and UVLO
Use for setting the output voltage, current limit voltage and overvoltage setting voltage. Select Rgas

using Equation 9. With a voltage divider from Vzg, select R6 using Equafion 10. WIth a voltage from DIFFO
select R4 using Equation 17. With a voltage divider from V,y, select R8 using Equation 12.
Rgue = 0.7 x — RL__
(Vour = 0.7) ©
\
R6 = R5 x — LM
(07 = Vi) (10)
R4 = 0.812 x RS
(Vouriey — 0-812) a
R = 1.0 x — R
(Viy — 1.0) 12)

Feedback Loop Compensation

The TPS40130 operates in a peak-current mode and the converter exhibits a single pole response with ESR
zero for which Type Il compensation network is usually adequate as shown in Figure 5.

The load pole is situated at a value calculated using Equation 13
1
f =
oP
21 X Royt X Coyr

13)
and the ESR zero is situated at a value calculated using Equafion 14.
1
f =
ESRZ
21 X Reggr X Coyr (14)

To achieve the desired bandwidth the error amplifier has to compensate for modulator gain loss at the crossover
frequency. A zero placed at the load pole frequency facilitates that. The ESR zero alters the modulator -1 slope
at higher frequencies. To compensate for the ESR zero, a pole in the error amplifier transfer function should be
placed at the ESR zero frequency.
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TPS40130DBT

Modulator

MM Vout
— X Court

= UDG-04029

Figure 5. Compensation Components

The following expressions help in choosing components of the EA compensation network. It is recommended to
fix value of the resistor R1 first as it further simplifies adjustments of the output voltage without altering the
compensation network.

R1
R2 = — D=
AMOD(f) (15)
AMOD = YN
0.4 (16)

where AMOD is the modulator gain at DC
f
AMOD(f) = AMOD x 2P

fc 17)
where AMOD(f) is the modulator gain at the crossover frequency
Cl = 1
(2 x fop x R2) (18)
c2 = 1

(27 X fegrz X R2) (19)
Introduction of output voltage droop as a measure to reduce amount of filter capacitors changes the transfer
function of the modulator as it is shown in Figure § and Figure 7. The droop function introduces another zero in
the modulator gain function.

16 bubmit Documentation FeedbacH


http://focus.ti.com/docs/prod/folders/print/tps40130.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS602B&partnum=TPS40130

b TEXAS
INSTRUMENTS TPSA0130

www.ti.com
SLUS602B —JUNE 2004—REVISED SEPTEMBER 2005
GAIN AND PHASE GAIN AND PHASE
Vs Vs
FREQUENCY WITHOUT DROOP FREQUENCY WITH DROOP
80 TTTTT [T TTTTIT I 80 TTTTTT T T TTTTIT T
Converter Overall \\\Converter Overall
60 \\\
60
\
\\
N
\ \‘n
40 |- T ype | g '\ o 40
e | T THOTN ’
: Modul ™ \\ £
£ 20} ator D & 20
¢ NI '
™ O]
o N, ™
o N N MM 0
LN Y N\
Load Pole N N\
N N
‘ ‘ N N\
-20 i B ans -20
ESR Zero
40 L L] 40
200 ‘ ‘ ‘ ‘ 200
150 Phase T [T 150
pr( \\ EA At
1% \ e 1T, . //
o o 0 0 AT NG 100 e g i
aze=c] i\ T T
= \ ° Converter Overall o
? Converter Overall \\.\ 3 ! %"
g 50 N @ 50 '-
& i /
/
0 = 0 =y p
Modulator R ’ Modulator ™
ol /
\\ " \\~.--n/
N\ /|
-50 / -50
N /
P
-100 -100
10 100 1k 10k 100 k 1M 10 100 1k 10k 100 k 1M
f — Frequency — Hz f — Frequency — Hz
Figure 6. Figure 7.

The droop function, as well as the the output capacitor ESR, introduce a zero on some frequency left from the

crossover point. See
1

foroopz =

\Y/
DROOP
2  DROP ) C o
OUT(max) (20)

To compensate for this zero, pole on the same frequency should be added to the error amplifier transfer
function. With Type |l compensation network a new value for the capacitor C2 is required compared to the case
without droop.
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co = Cc1
21 X R2 X C1 X (foroopz — 1) 21)

When attempting closing the feedback loop at frequency that is close to the theoretical limit, use the above
considerations as a first approximation and perform on bench measurements of closed loop parameters as
effects of switching frequency proximity and finite bandwidth of voltage and current amplifiers may substantially
alter them as it is shown in Figure g.
GAIN AND PHASE
VS

FREQUENCY
60 80
|- ﬂ/ Phase
™\ -
N\
50 [l {f Yan
™ \ \ _,\ L so
40 AN
N\ \

20

G - Gain-dB
w
o
=
-
/‘
/
T
»
o

Phase —

N[
-10 \

VIN =12V \\

VOUT =15V

_20 | Lol L LIl _20
100 1k 10k 100 k 1M

f — Frequency — Hz

Figure 8.

Setting the Output Voltage Droop

In many applications the output voltage of the converter intentionally allowed to droop as load current increases.
This approach also called active load line programming and allows for better use of regulation window and
reduces the amount of the output capacitors required to handle a load current step. A resistor from the VREF pin

to the DROOP pin sets the desired value of the output voltage droop. See Equation 22.
R _ 5000 X Vproop Rpias
PROOP lour X Res R1+ Rgas 22)
where

*  Vproor is the value of droop at maximum load current (I oap)
* Rcsis a value of the current sense resistor used or the DCR value of the output inductor
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Figure 9. Implementing the Droop Function, Resistor Between DROOP and VREF.
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Figure 10. Output Voltage Droop Characteristic as Output Current Varies.
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Inductor DCR Current Sense

Inductor DCR current sensing is a known lossless technique to retrieve current proportional signal. Referring to
Figure 11].

At any given frequency the DCR voltage can be calculated using Equation 23 and Equation 24].

= - _ DCR
Vier = (Vin = Vour) % DCR + o X L 23)
1
Ve = (VIN - VOUT) X 1
o X C X (RCSJrer) (24)
Voltage across the capacitor is equal to voltage drop across the inductor DCR, V-=Vpcr When time constant of
the inductor and the time constant of the RC network are equal, see Equafion 29. Setting the value of the
capacitor to 0.1 pF or 0.01 pF provides for reasonable resistor values.
_ 1 _ DCR . L _ . _
Ve = 1 | DCR+wxL' DCR _ Res*C TocrL = TR
0w X C X |Rpe +
CS " wxC (25)
The output signal generated by the network shown in is temperature dependent due to positive

thermal coefficient of copper specific resistance K;=1+0.0039 x(T-25). The temperature variation of the inductor
coil can easily exceed 100°C in a practical application leading to approximately 40% variation in the output
signal and, in turn, respectively moving the overcurrent threshold and the load line.

VDCR VDCR
¥ oor Y
L
Switch ,_m o [ bCR
—4 AVAVAY, Vourt Switch —> Vour
Node Node
c R R
Rcs 0.1% 0.1%
AMA— I Res c
q
Ve
l \/ v
Ccs CSRT § N © N
UDG-03142 0.1% cs CSRT 0-1%

= UDG-05079

Figure 11. Inductor Current Sense Configuration Figure 12. Inductor Current Sense Configuration
for 1.2-V Output for 5-V Output

Inductor DCR Current Sensing with 5-V Outputs

Due to the current sense operational amplifier input common mode voltage range, it is necessary to divide the
current sense information before connecting to the TPS40130 current sense pins (CS1, CSRT1, CS2 and
CSRT2). shows how this is achieved. Reg and C are selected as normal using the method described
in Equation 24 and Equafion 23. The divider resistors (R) are chosen to be much smaller than Rsg They are
typically 100 times smaller. However, if these resitors are too small, they may dissipate too much power. In that
case, choose a smaller capacitance value, and select a new Rqg. The resistors used in the divider should be
precision resistors each having the same value.
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APPLICATION INFORMATION

Applications Circuit
shows a typical applications circuit providing 1.5 Vg1 at 40 A.

Vour

1 Tes | 4

v R N A l 12v

R2

L1

|
-
N

R

12V
T—< ~Cl A
o1 01 uF o1 c13 | c21 c12 | c20
BAT54A . Cc2 c17 |cis
= 0.1 pF
D2 'Ir M Q2 | &
Q3
£

A}

AY
/

et

AN [1]iorRvi  PGND

TPS40130DBT

1.0Q Q5,

LDRV2 |29 AN Q6
PGND L
sw2 |28
DIFFO PGND
5V
HDRV2 |27
12V
R13 BOOT2
10 KO C7 2200 pF
sS @7 R22 R6
10Q
R14 UVLO |24
10 kQ
BP5 , R7
AGND
Vour
T cs2 |21
R10 CSRT2 |20
LOAD 10 kQ VREF
q
L 3 RT
= PGOOD R17
co ILIM |17
0.1 pF R16 10 kQ -
EN/SYNC  A\NAA— 5V
FB «€—=

—— > EN/SYNC

UDG-04018

Figure 13. Typical Application Circuit
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APPLICATION INFORMATION (continued)
Additional Application Circuits

shows a VRM10.x compliant solution where the output voltage is controlled by the VID code of the
TPS40120. The six-bit controller provides outputs from 0.8375 V to 1.600 V in 12.5 mV steps for VRM 10.x or
provides five-bit control for other Intel processors. When the TPS40120 receives a VID of x11111, indicating the

no CPU state, output NCPU1# pulls the soft-start (SS) pin low insuring the output voltage soft-starts with a valid
VID code.

Vour
R2 cs l ca R1
% |—< C19 0—|<
L1 L2
12V rv'v\q — r\mﬁq
v L L L L 12v
Q1 L \ 1
TNC1 C13 | c21 C12 | c20 AT~C2
0.1 pF D1 . ¢
BAT54A L 0.1 pF
D2 = 02 c17 |ci5
+ e < |
03 TPS40130DBT
o4 1.00Q
E AN 1|LDRV1  PGND|30] =
= 100 | Q5,
PGND VINS  LDRV2[29 AN RQG
3] sw1 sw2(28 -
DIFFO oy PGND
4| HDRV1 HDRV2[27
12V
R22
R13 BOOT1 BOOT2|26] Ra2
0 k0 C7 2200 pF
6 | OVSET ss
R14 R2151 Q R6
10kQ | | Vour VOUT  UVLO|24
TPS40120 BEE sps[23 R7
BP5
9 | DIFFO
AGND
10| cs1
csz2(21
ss 11] csrT1
cs CSRT2[20
% COMP R5 90.9 kQ VREF
RT
\[C10
/1 PGOOD
. 13| VREF R8 10 kQ R17
R1210 0 ILIM([17
C9 4| DROOP R16 10 kQ
io.l uF EN/SYNC — \\\N—>» 5V R18
q FB
\ L » EN/SYNC

FB UDG-04088

Figure 14. Application Circuit with VID Control

shows the configuration with the TPS40130 processing power from two different input power sources,
12 V and 5 V is shown. This is useful when there is not sufficient power from a single input source to provide the

required output power. The inductor currents are not equal and the difference in the peak currents are
approximately:

22
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APPLICATION INFORMATION (continued)

(D1 — D2)

AIPEAK = OOG?WX’H

(26)
where

e D1 is the duty cycle for V\;

e D2 is the duty cycle for V\»

« DCR is the resistance of the output inductor

« n is the efficiency of the converter

Vour
R2 c5 J_ c4 R1
% Ic19 ! e
L1 » L B L2
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L s L 1 L 1T i 5V
1 R
Q 7TNCL A Dch13Tc21 TC12/|\020 c2
0.1pF R 0.1 uF
BAT54A 1 :
- = c17 |cis
+—pr Q2
4»*—4 |
03 TPS40130DBT
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E AN 1 |LDRV1 PGND =
= = 1.0Q | Q5,
VIN5 LDRV2| 29 Q6
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Figure 15. Application Circuit with Input Voltage Power Sharing from Two Separate Voltage Sources
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APPLICATION INFORMATION (continued)

shows the required 5-V input being generated with an external linear regulator. The regulator shown is

the TL431 shunt regulator which is a very cost effective solution. Depending on the required current to the
MOSFET gates, the 115 Q resistor may need to be a ¥4 W or Y2 W resistor.

L1
12V = _T_Jij- o |_T |_T P’Wﬂ _T_ _T_ =VOUT
—|7015 Qﬂ’:} ﬂ’:} —Flz c13 = R
§ 1150 - - L2 S
o n el s
c17 Ly
' :l: Q2 QSJ’,:} Qﬂ’:} Tecis]c20
10kQ L
T N
loko |TL431 __0-(1th § e § BAIEI)'254A__O.§:iF
3| T 1
R14 § R
0k L

§ 5V 12V
o | Vour ReLS5LO C7 2200 pF
}?7 R22 R6
10Q
R13 TPS40130RHB
10 kQ
R7

E EN/SYNC

§ R10
10 kQ R5 R18
c19 90.9 kQ
0.1 pF
R11
+—]
5V
C10 R19

——» EN/SYNC

—| l— E / UDG-05080

Figure 16. Application Circuit with an External Linear Regulator Providing VIN5
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APPLICATION INFORMATION (continued)

shows the configuration for efficiently operating at high frequencies. With the power stages input at 5
V, the switching losses in the upper MOSFET are significantly reduced. The upper MOSFET should be selected
for lower Rpgn) because the conduction losses are somewhat higher at the higher duty cycle.

Vour
R2 c5 i c4 R1
»% l—o C19 0—| %4
L1 — L2
5V m
L 1 1 1 ) 5V
5V
Ql 1 N
~T~Cc1 A c13 | ca1 c12 | c20 c2
0.1 pF D1 0.1 pF
BATS4A = ' c17 |cis
@ ~
03, TPS40130DBT
4 [
E Q PGND =
— 1.0Q Q5,
PGND LDRV2 | 29 A, Q6
SW2 | 28
DIFFO PGND
5V
HDRV2 | 27
5V
BOOT2 R22
R13 C7 2200 pF 10Q
10 kQ
B0
R2151 Q R6
R14 UVLO | 24
10kQ
BP5 b R7
AGND
Vout
cs2 |21
CSRT2 |20
LOAD R5 33.2 kQ VREF
RT
= PGOOD R17
J— ILIM| 17
AT~ C9
0.1 uF R16 10 kQ
EN/SYNC — AAAN— 5V R18
L » EN/SYNC

UDG-04091

Figure 17. Application Circuit For High-Frequency Operation With Input Voltage of 5V
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APPLICATION INFORMATION (continued)

shows how to configure for a 5-V output. The resistor dividers on the CSx and CSRTx inputs are
necessary to reduce the common mode voltage into the current sense amplifiers. The differential amplifier is not
used because with a 5-V output, remote sensing is not generally necessary. If the differential Amplifier is

necessary, a voltage divider of 2/3 should be used and the magnitude of the resistors should be about 500 Q
and 1 kQ.

Vour
L1 L2

12V
MM ! MM
1 11 1 1 12v
Q1 ) 5V C13 |C21 |C19 |[cC12 |cC20
O A Gl il

Cc2
— D1 BATS54A 0.1 pF

0.1pF ﬂ | |
| Q2
Q3, Q4 | Cc17

D2 TPS40130DBT
§ R32 100

0.1% : BATS54A

1 |LDRV1 PGND

L 100 |

1 +—

Vour

R13 BOOTL BOOT2

10 kQ C7 2200 pF PGND

R22
10kQ

R33
§ 0.1% R2

§ (Fj‘fl% | 8|GsNs BP5(23

10kQ cs CSRT2|20
_| COMP . R5 90.9 kQ

R8 10 kQ \/

R16 10kQ
—VV\V—= 5V R18

» EN/SYNC

UDG-04092

Figure 18. Application Circuit for Providing 5-V Output
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TYPICAL CHARACTERISTRICS

IRk

f Vswz (10 v / d|v)

VoiFFouT -
- (50 mv/div)
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ln HH < GAdy
H IHH H‘H
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E_vswz(lowdiv)

t - Time — 20 ps/div

t—Time - 4 us/div

Figure 19. Load Transient Figure 20. Load Transient Rising Edge
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/ ||_2 5 A/dIV)
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- : : : 1 | evidy
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Figure 21. Load Transient Falling Edge

t—Time - 4 ps/div

t—Time - 40 ps/dlv

Figure 22. Start-Up with EN/SYNC and Showing

Soft-Wait Time
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TYPICAL CHARACTERISTRICS (continued)

DIFFOUT
......................... (500 mV/div)
.................................. . S Vewde
i : v i T . (5Vvidiv)
527 (500 mV / div) H(lOH\??\(/iliv)"""""""""
.1 Viprv2 e )
4 - @oVidy) >
t=Time - 400 ps/div t — Time — 400 ns/div
Figure 23. Start-Up with EN/SYNC Figure 24. External Clock on EN/SYNC

VENISYNC
(5 Vidiv)

~ Vss
(500 mV / div)

Viprvi -
L GVidy)

VHDRv_é
(10 Vv /div)

" (@ V/div)

Vovser

Figure 25. External Clock on EN/SYN and Delay to HDRV

t — Time — 40 ns/div

t = Time — 4 ms/div

Figure 26. Overvoltage, Latch and Re-Start

28

bubmit Documentation Feedback


http://focus.ti.com/docs/prod/folders/print/tps40130.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS602B&partnum=TPS40130

I{’ TEXAS
NSTRUMENTS )
TRUMER TPS40130

SLUS602B —JUNE 2004—-REVISED SEPTEMBER 2005

TYPICAL CHARACTERISTRICS (continued)

N : — T v
: Veg — . : : ; ; : : 5 ) : : :
. (200 mv / dIV) P e N TP ..... - . _. ______ P Ce Ce . - / B A | g SRR - - - - - - - s e e e

: : : : : : : : ) Vre T ) ) : :
Vss (1 Vidiv) - : : : : (20QmV/d!v)............ T

PR

I2, IL2

T QOA/d) b
VFB 0. 588V i :
t=Time — 4 ms/div t - Time - 40 ps/div
Figure 27. Overcurrent, Hiccup Mode Figure 28. Overcurrent

LAYOUT CONSIDERATIONS

Introduction

Any pin number references are for the DBT, TSSOP package. There are two general classes of signals to
consider for proper layout, high-current switching and low-level analog. Refer to for references to
components. A printed wiring board (PWB) with a minimum of four layers should be used.

Two Ground Planes

A basic requirement is two separate ground planes that ultimately get connected together at a point where no
switching currents are present, the power ground (PGND) and the analog ground (AGND). They should be
implemented as split planes on the top and bottom layers. The PGND is used for all high-current signals
including LDRV1, LDRV2, lower MOSFETs and input and output decoupling capacitors. PGND should be used
on the top layer around the high current components and on the bottom layer as a minimum. The AGND is used
for low level signals such as: soft-start, Ry, VREF, FB, BP5 decoupling to AGND. AGND should be used on the
top layer around the device and low level components and on the bottom layer as a minimum. The signals which
connect to the two different ground planes are shown in using different symbols for each ground.

Low-Level Signal Connections and Routing

Current Sense Signals

Using inductor current sense has advantages over using a low-value, high-power current-sense resistor, but
attention must be paid to how the current sense signals are generated and routed.

Connection

Resistor R2 and capacitor C5 generate the current sense signal for phase 1 and resister R1 and capacitor C4
generate the current sense signal for phase 2. The R2-C5 and R1-C4 components must be connected directly to
the pads for L1 and L2, respectively.
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LAYOUT CONSIDERATIONS (continued)

Routing

The traces that connect to C5 and C4 should be made directly at the capacitor(s) and routed on an internal
signal plane to CS1, CSRT1 and CS2, CSRT2, respectively. In addition, a small value of R-C filter may be used
on the CSx and CSRTx lines, with these components placed close to the device. A 5.1-Q resistor in series with
the CSx and CSRTx lines and a 100-pF capacitor between the CSx and CSRTx lines, provides additional
filtering, a prudent measure since the level of switching noise in a given layout is not fully known until the board
is being tested for the first time.

Differential Amplifier Signals

The differential amplifier provides optimum regulation at the load point.

Connection

The signal connections for VOUT and GSNS should be made across the closest capacitor to the load point. This
ensures the most accurate DC sensing and most noise free connection also.

Routing

Since the load point may be physically several inches, or more, from the device, it is very likely that the VOUT
and GSNS inputs to the differential amplifier are corrupted by switching noise. The signals should be routed on
an internal layer, and the R-C filter approach recommended for the CSx and CSRTx lines is applicable for these
lines as well.

High-Current Connections and Routing

Device Decoupling for VIN5 and BP5

The 1.0-yF decoupling capacitor for VIN5S should be placed close to pins 1 and 30 of the device. The decoupling
capacitor for BP5 should be placed close to pins 22 and 23 of the device.

Symmetry

Symmetry is especially important in the power processing components when considering the device placement
between the two phases. Input ceramic decoupling capacitors should be placed close to the upper MOSFETs
and the current path from the upper MOSFET drain to the lower MOSFET source should be on the PGND with
maximum copper area. Output capacitors should be placed symmetrically between the output inductor and lower
MOSFET for each phase.

SW Node

The SW node consists of the source of the upper MOSFET, the drain of the lower MOSFET,and the output
inductor. These components should be placed to minimize the area of the SW node. The area of the SW node
determines the amount of stray capacitance and inductance that causes ringing during switching transitions.

Lower MOSFET Gate Drive, LDRV1 and LDRV2

A resistor, with a value of between approximately 1.0 Q and 2.2 Q should be placed between LDRVx and the
gate of the respective MOSFET. The resistors are necessary if the falling SW node pulls the gate voltage below
GND. This can occur if the MOSFET Qg is larger than Qgs. The traces for LDRVx should be wide, (0.05 to 0.1
inches) and routed on the top layer if possible. If routing must go to another layer, use multiple vias for
interconnect. The return signal from the MOSFET drain to PGND on the device should be as wide as the return
for LDRVx.

Upper MOSFET Gate Drive, HDRV1 and HDRV2

The traces for HDRVx and SWx should be wide, (0.05 to 0.linches), and routed on the top layer if possible. If
routing must go to another layer, use multiple vias for interconnect.
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6-Feb-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS40130DBT NRND TSSOP DBT 30 60 Green (RoHS NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS40130
& no Sh/Br)
TPS40130DBTR NRND TSSOP DBT 30 2000  Green (RoHS NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS40130
& no Sh/Br)
TPS40130RHBR NRND VQFN RHB 32 3000 Green (RoHS NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 40130
TPS40130RHBT NRND VQFN RHB 32 250 Green (RoHS NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 40130

@ 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

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

® 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
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6-Feb-2020

continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
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)
TPS40130DBTR TSSOP DBT 30 2000 330.0 16.4 6.95 | 83 1.6 8.0 16.0 Q1
TPS40130RHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
TPS40130RHBT VQFN RHB 32 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40130DBTR TSSOP DBT 30 2000 367.0 367.0 38.0
TPS40130RHBR VQFN RHB 32 3000 367.0 367.0 35.0
TPS40130RHBT VQFN RHB 32 250 210.0 185.0 35.0
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PACKAGE OUTLINE
DBTOO30A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

|
PIN 1 INDEX AREA 26x[3%]
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— | 1
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‘ 16 J (T
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\
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\\/\SEE DETAIL A O o Tﬂ J 0.75 L f

0.50

DETAIL A
TYPICAL

4220214/A 05/2020

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.
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EXAMPLE BOARD LAYOUT
DBTOO30A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

30X (1.5) S\@/IM
1 ” /— (RO05TYP
30X (0.3 | CE:] 30
I —— | ——
1 ] ! ( ]
== ——
30X (05) — | — ' S
A S — -
== —— ==t
| ) )
" ! )
| | |
C ) | C )
s C 1 e
| |
| (5.8) |
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X
SOLDER MASK: METAL UNDER SOLDER MASK
OPENING‘\ / METAL SOLDER MASK fOPENING
(— )
EXPOSED METAL— R _}EXPOSED METAL
0.05 MAX —-I 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220214/A 05/2020

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBTOO30A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

30X (1.5) ’— SQAM
1 /—(R0.0S) TYP
3osz_To.3 ﬁ‘—]! :!:30
L — | ——
— —
C 1 [ C 1
| C 1 C 1
0X(05) ! E——
== -~
— — —J - - :__J <L
C [ C [
C o+ ] ! C o+ ]
C [ C [
C ) ! C )
C [ C [
- . ——
15 C: C: 16

(5.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220214/A 05/2020

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch 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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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
214 Fe ]
____ A
PIN 1 INDEX AREA—]
7 e

= e e el ey e P =
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2X|3.5
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9 4 | 4 16
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2X :) 33 C
2] D) | ]
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_ 1:7\ i C
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32 ‘ 25
PIN 1 ID SYMM
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SIDE WALL DETAIL
OPTIONAL METAL THICKNESS

17

EXPOSED
THERMAL PAD

SEE SIDE WALL
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ot

L 32X

24
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0.2

0.1® |C|A|B
0.050 |C

&

ﬁ (0.2) TYP

I
.
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\.‘ .‘/

[

4223442/B 08/2019

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
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

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

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

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com

	FEATURES
	APPLICATIONS
	DESCRIPTION
	SIMPLIFIED APPLICATION DIAGRAM
	ABSOLUTE MAXIMUM RATING
	RECOMMENDED OPERATING CONDITIONS
	ELECTRICAL CHARACTERISTICS
	FUNCTIONAL DESCRIPTION
	Startup Sequence
	Differential Amplifier (U7)
	Current Sensing and Balancing (U1, U9 and U18)
	PowerGood
	Soft-Start
	Overcurrent Protection
	Current Sense Fault Protection
	Overvoltage Protection
	Output Undervoltage Protection
	Programmable Input Undervoltage Lockout Protection
	Power-On Reset (POR)
	Fault Masking Operation
	Fault Conditions and MOSFET Control
	Setting the Switching Frequency
	EN/SYNC Function
	Setting Overcurrent Protection
	Resistor Divider Calculation for VOUT, ILIM, OVSET and UVLO
	Feedback Loop Compensation
	Setting the Output Voltage Droop
	Inductor DCR Current Sense
	Inductor DCR Current Sensing with 5-V Outputs

	APPLICATION INFORMATION
	Applications Circuit
	Additional Application Circuits

	TYPICAL CHARACTERISTRICS
	LAYOUT CONSIDERATIONS
	Introduction
	Two Ground Planes
	Low-Level Signal Connections and Routing
	Current Sense Signals
	Differential Amplifier Signals

	High-Current Connections and Routing
	Device Decoupling for VIN5 and BP5
	Symmetry
	SW Node
	Lower MOSFET Gate Drive, LDRV1 and LDRV2
	Upper MOSFET Gate Drive, HDRV1 and HDRV2


	Sheets and Views
	4220214-4220214_1_2
	4220214-4220214_1_3
	4220214-4220214_1_4




