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5 Pin Configuration and Functions

16-Pin HTSSOP with PowerPAD
PWP PACKAGE""

(TOP VIEW)

KFF CI] 10 16 [T ILIM
RTCI]2 I 1513 vDD
LVBP (T3 | | 14 7T BOOST
PGD T4 ! Thermal : 13 11 HDRV

SGNDCT]5 | Pad |12 T3sw
ssCi]e | | 11|12 DBP
FBCT {7 i______ 110 TJLDRV

COMP T8 9T PGND

P0047-01

(1) For more information on the PWP package, see the PowerPAD Thermally Enhanced Package technical brief
(SLMAQ002).

Pin Functions

PIN
NO. NAME

1/10 DESCRIPTION

A resistor connected from this pin to VIN programs the amount of feed-forward voltage. The current fed
1 KFF | into this pin is internally divided by 25 and used to control the slope of the PWM ramp and program
UVLO. Nominal voltage at this pin is maintained at 400 mV.

2 RT | A resistor is connected from this pin to ground to set the internal oscillator and switching frequency.

4.2-V reference used for internal device logic only. This pin should be bypassed by a 0.1-uF ceramic

3 LvBP o capacitor. External loads that are less than 1 mA and electrically quiet may be applied.

4 PGD o This is an open-drain output that pulls to ground when soft start is active, or when the FB pin is outside
a +10% band around VREF.

Signal ground reference for the device. Low-level quiet circuitry around the IC should connect to this pin.
This pin should be connected to the thermal pad under the IC, and that thermal pad should connect to
the PGND pin. Do not allow power currents to flow in the thermal pad or in the SGND part of the ground
for best results.

5 SGND —

Soft-start programming pin. A capacitor connected from this pin to GND programs the soft-start time.
The capacitor is charged with an internal current source of 12 pA. The resulting voltage ramp on the SS
pin is used as a second noninverting input to the error amplifier. The voltage at this error amplifier input
is approximately 1 V less than that on the SS pin. Output voltage regulation is controlled by the SS

6 SS | voltage ramp until the voltage on the SS pin reaches the internal offset voltage of 1 V plus the internal
reference voltage of 700 mV. If SS is pulled below 225 mV, the device goes into a shutdown state
where the power FETSs are turned off and the prebias circuitry is reset. If the programmed UVLO
voltage is below 6 V, connect a 330-kQ resistor in parallel with the SS capacitor. Also provides timing for
fault recovery attempts.

7 FB | Inverting input to the error amplifier. In normal operation, the voltage on this pin is equal to the internal
reference voltage, 0.7 V.

Output of the error amplifier, input to the PWM comparator. A feedback network is connected from this

8 COMP o pin to the FB pin to compensate the overall loop. The COMP pin is internally clamped to 3.4 V.

Power ground reference for the device. There should be a low-impedance path from this pin to the
source(s) of the lower MOSFET(S).

Gate drive for the N-channel synchronous rectifier. This pin switches from DBP (MOSFET on) to ground
10 LDRV (0] (MOSFET off). For proper operation, the total gate charge of the MOSFET connected to LDRV should
be less than 50 nC.

8-V reference used for the gate drive of the N-channel synchronous rectifier. This pin should be
bypassed to ground with a 1-pF ceramic capacitor.

9 PGND —

11 DBP O

This pin is connected to the switched node of the converter. It is used for short-circuit sensing and gate-
12 SW | drive timing information and is the return for the high-side driver. A 1.5-Q resistor is required in series
with this pin for protection against substrate current issues.

Floating gate drive for the high-side N-channel MOSFET. This pin switches from BOOST (MOSFET on)
to SW (MOSFET off).

13 HDRV (0]

Copyright © 2007-2019, Texas Instruments Incorporated 3
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Pin Functions (continued)

PIN

NO.

NAME

1/0

DESCRIPTION

14

B

OO0ST

The peak voltage on BOOST is equal to the SW node voltage plus the voltage present at DBP less the
bootstrap diode drop. This drop can be 1.4 V for the internal bootstrap diode or 300 mV for an external
Schottky diode. The voltage differential between this pin and SW is the available drive voltage for the
high-side FET.

15

VDD

Supply voltage for the device.

16

ILIM

Short-circuit-protection programming pin. This pin is used to set the short circuit detection threshold. An
internal current sink from this pin to ground sets a voltage drop across an external resistor connected
from this pin to VDD. The voltage on this pin is compared to the voltage drop (Vypp — Vsw) across the
high side N-channel MOSFET during conduction. Just prior to the beginning of a switching cycle, this pin
is pulled to approximately VDD/2 and released when SW is within 2 V of Vpp or after a timeout (the
precondition time), whichever occurs first. Placing a capacitor across the resistor from ILIM to VDD
allows the ILIM threshold to decrease during the switch-on time, effectively programming the ILIM
blanking time. See Application Information.

Copyright © 2007-2019, 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, ILIM 30
COMP, FB, KFF, PGD, LVBP -0.3 6
Input voltage, Vypp SW o3 0 \%
SW, transient (<50 ns) -2.5
COMP, KFF, RT, SS -0.3 6
Output voltage, Vour VBOOST >0 \%
DBP 10.5
LVBP 6
Output current source, lgyt (LDRV, HDRV) 15 A
. LDRV, HDRV 2
Output current sink, loyt KFF 0 A
Output current RT ! mA
LVBP 1.5
Lead temperature, 1.6 mm (1/16 inch) from case (10 s) 260 °C
Operating junction temperature, T, -40 125 °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

6.2 ESD 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.

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
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
Vpp Input voltage 4.5 28 \%
Ta Operating free-air temperature -40 85 °C
Copyright © 2007-2019, Texas Instruments Incorporated 5
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6.4 Electrical Characteristics

T =-40°C to 85°C, V| = 12 Vg, Ry =90.9 kQ, Ixer = 300 pA, fsw = 500 kHz, and all parameters at zero power dissipation

(unless otherwise noted).

PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
Vvob Input voltage range, VIN 45 28 Vv
lvop Quiescent current Output drivers not switching 2.5 35| mA
VL vep Output voltage To=T;=25°C 3.9 4.2 4.5 \%
OSCILLATOR/RAMP GENERATOR
fosc Accuracy 450 500 550 | kHz
VRAMP PWM ramp voltage Vpeak — VWAL 2 \Y
Vit RT voltage 2.23 2.4 2.58 \%
ton Minimum output pulse time® Chpry = 0 NF 150| ns
. Veg =0V, 100 kHz < fgy < 500 kHz 84% 93%
Maximum duty cycle
Veg =0V, fsw =1 MHz 76% 93%
Ve Feed-forward voltage 0.35 0.4 0.45 \%
Iker Feed-forward current operating range ® 20 1100| pA
SOFT START
Iss Charge current 7 12 17| pA
tbscH Discharge time Css=3.9nF 25 75| s
tes Soft-start time Ces = 3.9 F, Vss rising from 0.7 V to 210 290  500| us
Turnon threshold 310 365 420
Vsssp my
Shutdown threshold 225 275 325
VssspH Shutdown threshold hysteresis 35 150 mV
Vpp > 10 V 7 9
Vpgep Output voltage \%
Vpp = 4.5V, loyt =25 mA 4 43
ERROR AMPLIFIER
T;=25°C 0.698 0.7 0.704
Veg Feedback regulation voltage total variation 0°C<T;<85°C 0.69 0.7 0.707 \%
—40°C <T;<85°C 0.69 0.7 0.715
Vss Soft-start offset from VSS® Offset from Vgg to error amplifier 1 Vv
Gew Gain bandwidth® 5 10 MHz
AvoL Open-loop gain 50 dB
Iskrc Output source current 2.5 4.5 mA
Isink Output sink current 25 mA
Igias Input bias current Veg = 0.7V -250 0| nA
SHORT-CIRCUIT CURRENT PROTECTION
lium Current sink into current limit 80 105 125 pA
ViLiM(ofst) Current limit offset voltage (Vsw — ViLiwm) Vium =115V, Vypp =12 V -75 -50 -30| mV
thsc Minimum HDRYV pulse duration During short circuit 135 225| ns
Propagation delay to output® 50 ns
taL ANK Blanking time® 50 ns
torr Off time during a fault (SS cycle times) 7 Cycles
Vew (S\/V:I,I;(;hT?/ Slt\il\;%l)to end precondition 2 vV
tpc Precondition time®) 100| ns
ViLm Current limit precondition voltage threshold ® 6.8 \Y

(1) Ensured by design. Not production tested.

Copyright © 2007-2019, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Ta =—-40°C to 85°C, V|y = 12 Vg, Ry = 90.9 kQ, Ixer = 300 pA, fgyw = 500 kHz, and all parameters at zero power dissipation
(unless otherwise noted).

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
OUTPUT DRIVERS
tHFALL High-side driver fall time (HDRV — SW)®) 36 ns
— — Chprv = 2200 pF
tiriSE High-side driver rise time (HDRV — SW)® 48 ns
thrALL High-side driver fall time (HDRV — SW)® Chry = 2200 pF, Vypp = 4.5 V, 72 ns
turiSE High-side driver rise time (HDRV — SW)® 02VsVgs=4V 96 ns
tLFALL Low-side driver fall time® 24 ns
- — Ciprv = 2200 pF
tLRISE Low-side driver rise time® 48 ns
tLraLL Low-side driver fall time® Clory = 2200 pF, Vipp = 4.5V, 48 ns
tLRISE Low-side driver rise time® 02V<sVgss4V 96 ns
Vo High-level output voltage, HDRV Ihpry = —0.01 A 0.7 1 v
(VBoosT — VHDRV) lnory = —0.1 A 0.95 1.3
VoL Low-level output voltage, HDRV (Vypry — Vsw) oy = 0.014 0.06 0.1 \Y
lhory = 0.1 A 0.65 1
Vo High-level output voltage, LDRV lLpry=—0.01A 0.65 1 v
(Vpep — Viprv) lpry = —0.1 A 0.875 1.2
ILory = 0.01 A 0.03 0.5
VoL Low-level output voltage, LDRV \Y
ILory = 0.1 A 03 05
VBoosT Output voltage Vpp =12V 15.2 17 \%
UVvVLO
Vuvio Programmable UVLO threshold voltage Rkee = 90.9 kQ, turn-on, Vypp rising 6.2 7.2 8.2 \%
Programmable UVLO hysteresis Rkre = 90.9 kQ 1.1 1.55 2 \%
Fixed UVLO threshold voltage Turn-on, Vypp rising 4.15 4.3 4.45 \%
Fixed UVLO hysteresis 275 365 mV
POWER GOOD
Vpg Power-good voltage Ipg =1 mA 370 500| mVv
Vou High-level output voltage, FB 770 mV
VoL Low-level output voltage, FB 630 mV
THERMAL SHUTDOWN
Shutdown temperature threshold® 165 °C
Hysteresis® 15 °C
Copyright © 2007-2019, Texas Instruments Incorporated 7
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6.5 Typical Characteristics
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Figure 1. LVBP Voltage vs Junction Temperature
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Figure 2. DBP Voltage vs Junction Temperature
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Figure 13. Error Amplifier Input Bias Current
vs Junction Temperature
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TPS40077 allows the user to construct synchronous voltage-mode buck converters with inputs ranging from
4.5 V to 28 V and outputs as low as 700 mV. Predictive Gate Drive circuitry optimizes switching delays for
increased efficiency and improved converter output-power capability. Voltage feed forward is employed to ease
loop compensation for wide-input-range designs and provide better line transient response.

The TPS40077 incorporates circuitry to allow start-up into a preexisting output voltage without sinking current
from the source of the preexisting output voltage. This avoids damaging sensitive loads at start-up. An integrated
power-good indicator is available for logic (open-drain) output of the condition of the output of the converter.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Minimum Pulse Duration

The TPS40077 devices have limitations on the minimum pulse duration that can be used to design a converter.
Reliable operation is assured for nominal pulse durations of 150 ns and above. This places some restrictions on
the conversion ratio that can be achieved at a given switching frequency. Figure 14 shows minimum output
voltage for a given input voltage and frequency.

7.3.2 Slew Rate Limit On VDD

The regulator that supplies power for the drivers on the TPS40077 requires a limited rising slew rate on VDD for
proper operation if the input voltage is above 10 V. If the slew rate is too great, this regulator can overshoot and
damage to the part can occur. To ensure that the part operates properly, limit the slew rate to no more than
0.12 V/us as the voltage at VDD crosses 8 V. If necessary, an R-C filter can be used on the VDD pin of the
device. Connect the resistor from the VDD pin to the input supply of the converter. Connect the capacitor from
the VDD pin to PGND. There should not be excessive (more than a 200-mV) voltage drop across the resistor in
normal operation. This places some constraints on the R-C values that can be used. Figure 22 is a schematic
fragment that shows the connection of the R-C slew rate limit circuit. Equation 1 and Equation 2 give values for R
and C that limit the slew rate in the worst-case condition.

R TPS40077

ILIM | 16]
VIN 15| vDD — |

<+ c HDRV |13

SW (12

9| PGND |'—T
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Figure 22. Limiting the Slew Rate

-
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R x SR @
R < 0.2V

fsw < Qqgrom *+ lpp

where
e Vyp is the final value of the input voltage ramp
e fswis the switching frequency
*  Qqqom is the combined total gate charge for both upper and lower MOSFETs (from MOSFET data sheet)
e lpp is the TPS40077 input current (3.5 mA maximum)
+ SR is the maximum allowed slew rate [12 x10%] (V/s) 2
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Feature Description (continued)
7.3.3 Setting The Switching Frequency (Programming The Clock Oscillator)

The TPS40077 has independent clock oscillator and PWM ramp generator circuits. The clock oscillator serves as
the master clock to the ramp generator circuit. Connecting a single resistor from RT to ground sets the switching
frequency of the clock oscillator. The clock frequency is related to Ry with Equation 3.

1 - 23) kQ

R, =
T (fSW(kHz) x 17.82 x 106

©)

7.3.4 Loop Compensation

Voltage-mode, buck-type converters are typically compensated using Type Il networks. Because the TPS40077
uses voltage feed-forward control, the gain of the voltage feed-forward circuit must be included in the PWM gain.
The gain of the voltage feed-forward circuit, combined with the PWM circuit and power stage for the TPS40077 is
Equation 4.

Kpwm = VuvLo(on) 4)

The remainder of the loop compensation is performed as in a normal buck converter. Note that the voltage feed-
forward circuitry removes the input voltage term from the expression for PWM gain. PWM gain is strictly a
function of the programmed start-up voltage.

7.3.5 Shutdown and Sequencing

The TPS40077 can be shut down by pulling the SS pin below 250 mV. In this state, both of the output drivers are
in the low-output state, turning off both of the power FETs. This places the output of the converter in a high-
impedance state. When shutting down the converter, a crisp pulldown of the SS pin is preferred to a slow
pulldown. A slow pulldown could allow the output to be pulled low, possibly sinking current from the load. As a
general rule of thumb, the fall time of SS when shutting down the converter should be no more than 1/10th of the
control loop crossover frequency. An example of a shutdown interface is shown in Figure 23.

TPS40077

Shutdown

$0204-01

Figure 23. TPS40077 Shutdown

In a similar manner, power supplies based on the TPS40077 can be sequenced by connecting the PGD pin of
the first supply to come up to the SS pin of the second supply as shown in Figure 24.
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Feature Description (continued)
TPS40077 TPS40077
6 | SS PGD | 4 6 | SS PGD | 4 ———— » To System Power Good

$0205-01

Figure 24. TPS40077 Sequencing

7.3.6 Boost and LVBP Bypass Capacitance

The BOOST capacitance provides a local, low-impedance flying source for the high-side driver. The BOOST
capacitor should be a good-quality, high-frequency capacitor. A capacitor with a minimum value of 100-nF is
suggested.

The LVBP pin must provide energy for both the synchronous MOSFET and the high-side MOSFET (via the
BOOST capacitor). The suggested value for this capacitor is 1-uF ceramic, minimum.

7.3.7 Internal Regulators

The internal regulators are linear regulators that provide controlled voltages from which the drivers and the
internal circuitry operate. The DBP pin is connected to a nominal 8-V regulator that provides power for the driver
circuits. This regulator has two modes of operation. At Vpp voltages below 8.5 V, the regulator is in a low-dropout
mode of operation and tries to provide as little impedance as possible from VDD to DBP. Above 10 V at Vpp, the
regulator regulates DBP to 8 V. Between these two voltages, the regulator remains in the state it was in when
Vpp entered this region (see Figure 20). Small amounts of current can be drawn from this pin for other circuit
functions, as long as power dissipation in the controller device remains at acceptable levels and junction
temperature does not exceed 125°C.

The LVBP pin is connected to another internal regulator that provides 4.2 V (nom) for the operation of low-
voltage circuitry in the controller. This pin can be used for other circuit purposes, but extreme care must be taken
to ensure that no extra noise is coupled onto this pin; otherwise, controller performance suffers. Current draw is
not to exceed 1 mA. See Figure 21 for typical output voltage at this pin.

7.3.8 Power Dissipation

The power dissipation in the TPS40077 is largely dependent on the MOSFET driver currents and the input
voltage. The driver current is proportional to the total gate charge, Qg, of the external MOSFETSs. Driver power
(neglecting external gate resistance) can be calculated with Equation 5.

Pp=Qgx Vpr xfswy  (Watts/driver)
where
Vpr is the driver output voltage )

The total power dissipation in the TPS40077, assuming the same MOSFET is selected for both the high-side and
synchronous rectifier, is described in Equation 6 or Equation 7.

2 x Pp
P = +lg ) X V) (Watts)

Vor (6)
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Feature Description (continued)
or
Pr=(2x Qg x fgy +Ig) x Vjy (Watts)
where |g is the quiescent operating current (neglecting drivers) (7

The maximum power capability of the TPS40077 PowerPAD package is dependent on the layout as well as air
flow. The thermal impedance from junction to air, assuming 2-0z. copper trace and thermal pad with solder and
no air flow, is 37°C/W. See the application report titted PowerPAD Thermally Enhanced Package (SLMAO002) for
detailed information on PowerPAD package mounting and usage.

The maximum allowable package power dissipation is related to ambient temperature by Equation 8. For 0,5, see
Table 1.

T, -T
Pr = A (Watts)

95a 8)
Table 1. Package Dissipation Ratings
JLTJHE?%?\IET'L\)"_ZEJ’QEEE(D Ta = 25°C POWER RATING Ta = 85°C POWER RATING
Natural convection 37°C/W 2.7TW 1.08 W
150 LFM airflow 30°C/W 3.33W 1.33W
250 LFM airflow 28°C/W 357 W 1.42 W
500 LFM airflow 26°C/W 3.84 W 1.52 W

(1) For more information on the board and the methods used to determine ratings, see the PowerPAD Thermally Enhanced Package
application report (SLMAQ002).

Substituting Equation 8 into Equation 7 and solving for fgy yields the maximum operating frequency for the
TPS40077. The result is described in Equation 9.

(Ty=Ta) | _ |
(04a%Vpp) @

fsw = (2 x Q)

(Hz)
©

7.3.9 Boost Diode

The TPS40077 series has internal diodes to charge the boost capacitor connected from SW to BOOST. The drop
across these diodes is rather large, 1.4 V nominal, at room temperature. If this drop is too large for a particular
application, an external diode may be connected from DBP (anode) to BOOST (cathode). This provides
significantly improved gate drive for the high-side FET, especially at lower input voltages.

7.3.10 Synchronous Rectifier Control

Table 2 describes the state of the rectifier MOSFET control under various operating conditions.

Table 2. Synchronous Rectifier MOSFET States

SYNCHRONOUS RECTIFIER OPERATION DURING

FAULT
SOFT-START NORMAL (FAULT RECOVERY IS SAME AS OVERVOLTAGE
SOFT-START)

Turns OFF only at start of next cycle

Off until first high-side pulse is Turns off at the start of a new cycle. only if the pulse width modulator dut
detected, then on when high-side Turns on when the high-side OFF cyc)lle is grgater than zero Otherwisey
MOSFET is off MOSFET is turned off ’ ’

stays ON
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For proper operation, the total gate charge of the MOSFET connected to LDRV must be less than 50 nC.
7.4 Programming

7.4.1 Programming The Ramp Generator Circuit and UVLO

The ramp generator circuit provides the actual ramp used by the PWM comparator. The ramp generator provides
voltage feed-forward control by varying the PWM ramp slope with line voltage, while maintaining a constant ramp
magnitude. Varying the PWM ramp directly with line voltage provides excellent response to line variations,
because the PWM is not required to wait for loop delays before changing the duty cycle. (See Figure 25).

The PWM ramp must reach approximately 1 V in amplitude during a clock cycle, or the PWM is not allowed to
start. The PWM ramp time is programmed via a single resistor (Rxee) connected from KFF VDD. Rgeg, VsTarT
and Ry are related by (approximately) Equation 10.

Rirr = 0.131 X Ry X Vijyioon = 161 X 1073 X Vi o ? +1.886 x Vo — 1:363 — 0.02 x Ry — 4.87 x 1075 x R2

on)

where
e Ryand Rgge are in kQ
d VUVLO(on) iS inV (10)

This yields typical numbers for the programmed start-up voltage. The minimum and maximum values may vary
up to +15% from this number. Figure 16 through Figure 18 show the typical relationship of Vyyiown) Vuviof
and Rggr at three common frequencies.

The programmable UVLO circuit incorporates 20% hysteresis from the start voltage to the shutdown voltage. For
example, if the start-up voltage is programmed to be 10 V, the controller starts when Vpp reaches 10 V and shuts
down when Vpp falls below 8 V. The maximum duty cycle begins to decrease as the input voltage rises to twice
the start-up voltage. Below this point, the maximum duty cycle is as specified in the Electrical Characteristics.
Note that with this scheme, the theoretical maximum output voltage that the converter can produce is
approximately two times the programmed start-up voltage. For design, set the programmed start-up voltage
equal to or greater than the desired output voltage divided by maximum duty cycle (85% for frequencies 500 kHz
and below). For example, a 5-V output converter should not have a programmed start-up voltage below 5.9 V.
Figure 25 shows the theoretical maximum duty cycle (typical) for various programmed start-up voltages.

i ; VIN
i i
| |

VIN ; ;
. |
|
! _ _ _ _ _
|
|
|
|
|
|
|

SwW L. SW

VPEAK RAMP

COomMP - COMP
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tont > ton2 and dq > do
VDG-03172

Figure 25. Voltage Feed-Forward and PWM Duty Cycle Waveforms
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Programming (continued)
7.4.2 Programming Soft Start

TPS40077 uses a closed-loop approach to ensure a controlled ramp on the output during start-up. Soft start is
programmed by connecting an external capacitor (Cgs) from the SS pin to GND. This capacitor is charged by a
fixed current, generating a ramp signal. The voltage on SS is level-shifted down approximately 1 V and fed into a
separate noninverting input to the error amplifier. The loop is closed on the lower of the level-shifted SS voltage
or the 700-mV internal reference voltage. Once the level-shifted SS voltage rises above the internal reference
voltage, output-voltage regulation is based on the internal reference. To ensure a controlled ramp-up of the
output voltage, the soft-start time should be greater than the L-Cgt time constant or Equation 11.

tstapt = 21 X /L X Coyr (1)

Note that there is a direct correlation between tsrarr @and the input current required during start-up. The lower
tstarT IS, the higher the input current required during start-up, because the output capacitance must be charged
faster. For a desired soft-start time, the soft-start capacitance, Cgs, can be found from Equation 12.

lss

Ces =155 Xy
FB (12)

7.4.3 Programming Short-Circuit Protection

The TPS40077 uses a two-tier approach for short-circuit protection. The first tier is a pulse-by-pulse protection
scheme. Short-circuit protection is implemented on the high-side MOSFET by sensing the voltage drop across
the MOSFET when its gate is driven high. The MOSFET voltage is compared to the voltage dropped across a
resistor (R m) connected from Vypp to the ILIM pin when driven by a constant-current sink. If the voltage drop
across the MOSFET exceeds the voltage drop across the ILIM resistor, the switching pulse is immediately
terminated. The MOSFET remains off until the next switching cycle is initiated. This is illustrated in Figure 26.

ILIM
_¢_—ILIM Threshold
-
*
(A) ‘\
Overcurrent
VIN - 2V
Sw
T2
ILIM ILIM Threshold
l N >‘_“ VIN - 2V l
/ f
(B)
Sw
T1» |¢
l—T3 UDG-03173

Figure 26. Switching and Current-Limit Waveforms and Timing Relationship

18 Copyright © 2007-2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps40077?qgpn=tps40077
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS40077

www.ti.com.cn ZHCSJU9E —JANUARY 2007 —-REVISED JUNE 2019

Programming (continued)

In addition, just prior to the high-side MOSFET turning on, the ILIM pin is pulled down to approximately half of
Vypp- The ILIM pin is allowed to return to its nominal value after one of two events occurs. If the SW node rises
to within approximately 2 V of Vypp, the device allows ILIM to go back to its nominal value. This is illustrated in
Figure 26(A). T1 is the delay time from the internal PWM signal being asserted and the rise of SW. This includes
a driver delay of 50 ns, typical. T2 is the reaction time of the sensing circuit that allows ILIM to start to return to
its nominal value, typically 20 ns. The second event that can cause ILIM to return to its nominal value is for an
internal timeout to expire. This is illustrated in Figure 26(B) as T3. Here SW never rises to Vypp — 2 V, for
whatever reason, and the internal timer times out, releasing the ILIM pin.

Prior to ILIM starting back to its nominal value, overcurrent sensing is not enabled. In normal operation, this
ensures that the SW node is at a higher voltage than ILIM when overcurrent sensing starts, avoiding false trips
while allowing for a quicker blanking delay than would ordinarily be possible. Placing a capacitor across Ry
sets an exponential approach to the normal voltage at the ILIM pin. This exponential decay of the overcurrent
threshold can be used to compensate for ringing on the SW node after its rising edge and to help compensate
for slower-turnon FETs. Choosing the proper capacitance requires care. If the capacitance is too large, the
voltage at ILIM does not approach the desired overcurrent level quickly enough, resulting in an apparent shift in
overcurrent threshold as pulse duration changes. As a general rule, it is best to make the time constant of the R-
C at the ILIM pin 0.2 times or less of the nominal pulse duration of the converter as shown in Equation 17.

Also, the comparator that uses ILIM and SW to determine if an overcurrent condition exists has a clamp on its
SW input. This clamp makes the SW node never appear to fall more than 1.4 V (approximately, could be as
much as 2 V at —40°C) below V,pp. When ILIM is more than 1.4 V below V,pp, the overcurrent circuit is
effectively disabled.

The second-tier protection incorporates a fault counter. The fault counter is incremented on each cycle with an
overcurrent pulse and decremented on a clock cycle without an overcurrent pulse. When the counter reaches
seven (7), a fault condition is declared by the controller. When this happens, the outputs are placed in a state
defined in Table 2. Seven soft-start cycles are initiated (without activity on the HDRV and LDRV outputs) and the
PWM is disabled during this period. The counter is decremented on each soft-start cycle. When the counter is
decremented to zero, the PWM is re-enabled and the controller attempts to restart. If the fault has been
removed, the output starts up normally. If the output is still present, the counter counts seven overcurrent pulses
and re-enters the second-tier fault mode. Refer to Figure 27 for typical fault-protection waveforms.

In Equation 13, the minimum short-circuit limit setpoint (Iscpmin)) depends on tsrart, Couts Vour fipple current in
the inductor (Ig;ppLg), and the load current at turnon (I, pap)-

C x V I
out X Vour RIPPLE
lscp(min) > ( ) +loap * ( 5 )

t
START (13)
The short-circuit limit programming resistor (R, ;) is calculated from Equation 14.
lscp X RDS(onMAX) + Viim (offset)
Rium = Q
I
ILIM
where
e I is the current into the ILIM pin (110 pA, typical)
*  Viumefser) IS the offset voltage of the ILIM comparator (=50 mV, typical)
* lgcp is the short-circuit protection current (14)
To find the range of the overcurrent values, use Equation 15 and Equation 16.
1.09 x IILIM(maX) X Ryym — 0.09 X Rypp X IRVDD —0.045V + 75 mV
lscp(max) = R _ (A)
DS(ON)min (15)
I _ 1.09 x IlLlM(min) X Ryym — 0.09 X Rypp X |RVDD —0.045V + 30 mV A
SCP(min) R
DS(ON)max (16)
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Programming (continued)

The TPS40077 provides short-circuit protection only. Therefore, it is recommended that the minimum short-circuit
protection level be placed at least 20% above the maximum output current required from the converter. The
maximum output of the converter should be the steady state maximum output plus any transient specification
that may exist.

The ILIM capacitor maximum value can be found from Equation 17.

c Vourx02 Lo
= arads
LMmaX) Vg X Ry % fow 17

Note that this is a recommended maximum value. If a smaller value can be used, it should be. For most
applications, consider using half the maximum value above.
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Figure 27. Typical Fault Protection Waveforms
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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 TPS40077 allows the user to construct synchronous voltage-mode buck converters with inputs ranging from
4.5 V to 28 V and outputs as low as 700 mV. Predictive Gate Drive circuitry optimizes switching delays for
increased efficiency and improved converter output-power capability. Voltage feed-forward is employed to ease
loop compensation for wide-input-range designs and provide better line transient response.

The TPS40077 incorporates circuitry to allow startup into a preexisting output voltage without sinking current
from the source of the preexisting output voltage. This avoids damaging sensitive loads at start-up. An integrated
power-good indicator is available for logic (open-drain) output of the condition of the output of the converter.

8.2 Typical Applications

8.2.1 Buck Regulator 8-V to 16-V Input, 1.8-V Output at 10 A

Vi, -~ o -~ o
R
ELCO KFF CDELAY RLIM
Ry —
U1
C'VV\' TPS40077PWP asw
BP5
1 16 -
Vour = 1.8V
0—“— ) KFF ILIM 15 ) Lout ouT
Recp RT VDD CooosT 1 : lour Up to 10 A
3lgps  BoosT 2 I . Vour
4 ped HDRV H2 Cyvop
21 SGND sw 2 cN L
6 11 MLCC
] ss DBP
Css 7 10 R4 +
p FB LDRV 0Q =N COUT e c_out
R10 8lcomp  PanD |2 QsR ELCO MLCC
330 kQ PWP
c13
] T Coee 2.2nF
Rezo  C,,
Cpy
‘
o o . . I Y,
A »
RZ1
 — I AW
Reer Cpz1 Re+ Cc11
“' 0.1 uF

$0239-01

Figure 28. Schematic Diagram

8.2.1.1 Design Requirements

Table 3 lists the design specifications and Table 4 lists the bill of materials for this buck regulator application
example.
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Typical Applications (continued)
Table 3. Characteristics
PARAMETER \ NOTES AND CONDITIONS MIN NOM MAX UNITS
INPUT CHARACTERSTICS
VN Input voltage 8 12 16 \%
N Input current Vin = NOM, lgyt = MAX 1.8 2 A
No-load input current ViN = NOM, loyr=0A 62.6 3.6 mA
ViN_uvio Input UVLO louT = MIN to MAX 5.4 6 6.6 \Y
ViN_ony Input ONV louT = MIN to MAX 6.3 7 7.7 \Y
OUTPUT CHARACTERSTICS
Vourt Output voltage Vin = NOM, Igyt = NOM 1.75 1.8 1.85 \%
Line regulation® Vin = MIN to MAX, Iyt = NOM 0.5%
Load regulation® Vin = NOM, Iout = MIN to MAX 0.5%
Vour ripple ~ Output voltage ripple Vin = NOM, gyt = MAX 100 mVpp
lout Output current Vin = MIN to MAX 0 5 10 A
loce Output overcurrent Vin = NOM, Vour = Vour — 5% 12.25 19.4 34| A

inception point
Vovp Output OVP lout = MIN to MAX NA NA NA
Transient response

Al Load step lout Max 10 0.2 X loyt _Max 8 A
Load slew rate 10 Alus
Overshoot 200 mV
Settling time 1 ms

SYSTEM CHARACTERSTICS

fsw Switching frequency 240 300 360 kHz

Npk Peak efficiency VN = NOM, oyt = MIN to MAX 90%

n Full-load efficiency Vin = NOM, oyt = MAX 90%

Top g‘;‘;‘re‘a‘ti”g temperature Vi = MIN to MAX, lour = MIN to MAX —40 25 85 °C

MECHANICAL CHARACTERSTICS

) 2 Inches
L Width
5.08 cm
3 Inches
W Length
7.62 cm
) 0.41 Inch
h Component height
1.04 cm

(1) Voltage accuracy is dependent on resistor tolerance and reference accuracy. Line and load regulation are calculated with respect to the
actual set point voltage.

Table 4. Bill of Materials

REFDES COUNT VALUE DESCRIPTION SIZE PART NUMBER MFR
C1 1 470 puF Capacitor, aluminum, 470-uF, 25-V, |0.457 x 0.406 EEVFK1E471P Panasonic
20%
C2, C10 2 0.1 pF Capacitor, ceramic, 25-V, X7R, 20% | 0603 Std Vishay
C3 1 15 nF Capacitor, ceramic, 25-V, X7R 20% | 0603 Std Vishay
C4 1 47 pF Capacitor, ceramic, 25-V, X7R, 20% | 0603 Std Vishay
C5 1 1.8 nF Capacitor, ceramic, 25-V, X7R 20% | 0603 Std Vishay
C6 1 680 pF Capacitor, ceramic, 25-V, X7R 20% | 0603 Std Vishay
Cc7 1 51 pF Capacitor, ceramic, 25-V, COG 20% | 0603 Std Vishay
C8, Cl11 2 0.1 uF Capacitor, ceramic, 25-V, X7R, 20% | 0603 Std Vishay
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Table 4. Bill of Materials (continued)

REFDES COUNT VALUE DESCRIPTION SIZE PART NUMBER MFR
C9 1 1uF Capacitor, ceramic, 25-V, X7R, 20% | 0805 Std Vishay
C12, C14, 3 22 uF Capacitor, ceramic, 22-uF, 16-V, 1812 C4532X5R1C226MT TDK
C15 X5R, 20%

C13 2.2nF Capacitor, ceramic, 25-V, X7R, 20% | 0603 Std Vishay

C16 470 uF Capacitor, aluminum, SM, 6.3-V, 8 x 10 Std Panasonic
300-mQ (FC series)

C17 1 47 pF Capacitor, ceramic, 47-uF, 6.3-V, 1812 C4532X5R0J476MT TDK
X5R, 20%

D1 BAT54 Diode, Schottky, 200-mA, 30-V SOT23 BAT54 Vishay

J1, J2 2 ED1609-ND Terminal block, 2-pin, 15-A, 5,2-mm | 0.40 x 0.35 ED1609 OST

J3 PTC36SAAN Header, 2-pin, 100-mil spacing, (36- | 0.100 x 2 PTC36SAAN Sullins
pin strip)

L1 1 2.5 uH In?)uctor, SMT, 2.5 pH, 16.5-A, 3.4- 0.515 x 0.516 MLC1550-252ML Coilcraft
m

Q1 1 Si7860DP MOSFET, N-channel, 30-V, 18-A, PWRPAK S0-8 Si7860DP Vishay
8.0-mQ

Q2 1 Si7336ADP MSSFET, N-channel, 30-V, 18-A, 40- | PWRPAK S0-8 Si7886ADP Vishay
m

Q3 1 FDV301N M(())SFET, N-channel, 25-V, 220-mA, | SOT23 FDV301N Fairchild
5-

R1 1 10 kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R2, R6 2 165 kQ Resistor, Chip, 1/16-W, 20% 0603 Std Std

R3 1 32.4kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R4, R11 2 0Q Resistor, chip, 1/16-W, 20% 0603 Std Std

R5 1 21.5kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R7 1 51 kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R8 1 3.3kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R9 1 1.8 kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R10 1 330 kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

R12 1 510 Resistor, chip, 1/16-W, 20% 0603 Std Std

R13 1 1kQ Resistor, chip, 1/16-W, 20% 0603 Std Std

ul 1 TPS40077PWP | IC, Texas Instruments PWP16 TPS40077PWP TI

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Power Train Components

8.2.1.2.1.1 Output Inductor, LOUT

The output inductor is one of the most important components to select. It stores the energy necessary to keep
the output regulated when the switch FET is turned off. The value of the output inductor dictates the peak and
RMS currents in the converter. These currents are important when selecting other components. Equation 18 can
be used to calculate a value for LOUT for this module which operates at a switching frequency (f) of 300 kHz.
VIN(max) - VOUT

fs X IpippLE

Vour
Ving

LOUT =
max) (18)
IrippLE IS the allowable ripple in the inductor. Select Izpp e to be between 20% and 30% of maximum Igyr. For
this design, Irppe Of 2.5 A was selected. Calculated LOUT is 2.13 pH. A standard inductor with value of 2.5 uH
was chosen. This will reduce Ig;pp g by about 17% to 2.07 A.

This Izipp e Value can be used calculate the rms and peak current flowing in LOUT with Equation 19. Note that
this peak current is also seen by the switching FET and synchronous rectifier.
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| 2
_ 2 RIPPLE _
lout RWs =/ lour + 75— = 10.02A 19)

The power loss from the selected inductor DCR is 357 mW. The ac core loss for this Coilcraft inductor may be
found from the Coilcraft Web site, where there is a loss calculator. The loss is 179 mW calculated with
Equation 20.

I
- RIPPLE _
The inductor is selected with a saturation current higher than this current plus the current that is developed
charging the output capacitance during the soft-start interval.

8.2.1.2.1.2 Output Capacitor, COUT, ELCO and MLCC

Several parameters must be considered when selecting the output capacitor. The capacitance value should be
selected based on the output overshoot, Voyer, and undershoot, Vynper, during a transient load, Istgp, On the
converter. The equivalent series resistance (ESR) is chosen to allow the converter to meet the output ripple
specification, Vgpp g- The voltage rating must be greater than the maximum output voltage. Another parameter
to consider is equivalent series inductance, which is important in fast-transient load situations. Also, size and
technology can be factors when choosing the output capacitor. In this design, a large-capacitance electrolytic
type capacitor, COUT ELCO, is used to meet the overshoot and undershoot specifications. Its ESR is chosen to
meet the output ripple specification. Smaller multiple-layer ceramic capacitors, COUT MLCC, are used to filter
high-frequency noise.

The minimum required capacitance and maximum ESR can be calculated using Equation 21, Equation 22, and
Equation 23.

coUT LOUT X lgrep”
2 X Vynper X Dmax X (Viy = Vour) 1)
cout - OUT x J—
2% Vover X Vour (22)
ESR — VRIPPLE
lRiPPLE 23)

The capacitance for COUT should be greater than 444 uF, and its ESR should be less than 12 mQ. The 470-
uF/6.3-V capacitor from Panasonic's FC series was chosen. Its ESR is 160 mQ. MLCCs of 47 pF and 22 pF/16 V
are also added in parallel to achieve the required ESR and to reduce high-frequency noise.

8.2.1.2.1.3 Input Capacitor, CIN ELCO and MLCC

The input capacitor is selected to handle the ripple current of the buck stage. Also, a relatively large capacitance
is used to keep the ripple voltage on the supply line low. This is especially important where the supply line has
high impedance. It is recommended however, that the supply-line impedance be kept as low as possible.

The input-capacitor ripple current can be calculated using Equation 24.

2

I
RIPPLE 2
(IOUT - lIN(AVG)) + =45 [ *D+lInave *(1-D)

lcapRMS)
(24)

Iinave) IS the average input current. This is calculated simply by multiplying the output dc current by the duty
cycle. The ripple current in the input capacitor is 3.3 A. An 1812 MLCC using X5R material has a typical
dissipation factor of 5%. For a 22-uF capacitor at 300 kHz, the ESR is approximately 4 mQ. Two capacitors are
used in parallel, so the power dissipation in each capacitor is less than 11 mW.

A 470-uF/16-V electrolytic is added to maintain the voltage on the input rail.
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8.2.1.2.1.4 Switching MOSFET, QSW

The following key parameters must be met by the selected MOSFET.

» Drain source voltage, V45, must be able to withstand the input voltage plus spikes that may be on the
switching node. For this design a Vs rating of 30 volts is recommended.

« Drain current, Ip, at 25°C, must be greater than that calculated using Equation 25.

2

V |

ouT 2 RIPPLE

= — x| | +
VIN(MIN) OUT(MAX) 12

IQSW(RMS)
(25)
+ With the parameters specified, the calculation of loswrms) Should be greater than 5 A.
» Gate source voltage, V,s, must be able to withstand the gate voltage from the control IC. For the TPS40077,
this is 11 V.

Once the above boundary parameters are defined, the next step in selecting the switching MOSFET is to select
the key performance parameters. Efficiency is the performance characteristic which drives the other selection
criteria. Target efficiency for this design is 90%. Based on 1.8-V output and 10 A, this equates to a power loss in
the converter of 1.8 W. Based on this figure, a target of 0.6 W dissipated in the switching FET was chosen.

gs:

Equation 26 through Equation 29 can be used to calculate the power loss, Pgsw, in the switching MOSFET.
Pasw = Pcon + Psw *+ Paate (26)

2

_ 2 _ Vour 2, lmippLE
Pcon = Rosion) X laswrms) = Roson) X Vi X low + — 15

(27)

|
RIPPLE
(IOUT t ) X (Qgs1 + di)

lg

Qossisw) T Qoss(sr)

PSW:VINfox P

(28)
Peate = Qqerom) X Vg X faw 29)

where
Pcon = conduction losses
Psw = switching losses
Pcate = gate-drive losses
Qga = drain-source charge or Miller charge
Qgs1 = gate-source post-threshold charge
ly = gate-drive current
Qoss(sw) = switching MOSFET output charge
Qoss(sr) = synchronous MOSFET output charge
Qq(ro) = total gate charge from zero volts to the gate voltage
Vy = gate voltage
If the total estimated loss is split evenly between conduction and switching losses, Equation 27 and Equation 28

yield preliminary values for Rpg(on) and (Qgs1 + Qgq). Note output losses due to Qoss and gate losses have been
ignored here. Once a MOSFET is selected, these parameters can be added.

The switching MOSFET for this design should have an Rpgsn Of less than 8 mQ. The sum of Qqq and Qs should
be approximately 4 nC.
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It may not always be possible to get a MOSFET which meets both these criteria, so a compromise may be
necessary. Also, by selecting different MOSFETSs close to these criteria and calculating power loss, the final
selection can be made. It was found that the Si7860DP MOSFET from Vishay semiconductor gave reasonable
results. This device has an Rpgn of 8 mQ and a (Qgsl + Qqq) of 5 nC. The estimated conduction losses are
0.115 W and the switching losses are 0.276 W. This gives a total estimated power loss of 0.391 W versus 0.6 W
for our initial boundary condition. Note this does not include gate losses of approximately 71 mW and output
losses of 20 mW.

8.2.1.2.1.5 Rectifier MOSFET, QSR

Similar criteria to the foregoing can be used for the rectifier MOSFET. There is one significant difference: due to
the body diode conducting, the rectifier MOSFET switches with zero voltage across its drain and source, so
effectively with zero switching losses. However, there are some losses in the body diode. These are minimized
by reducing the delay time between the transition from the switching MOSFET turnoff to rectifier MOSFET turnon
and vice-versa. The TPS40077 incorporates Tl's proprietary Predictive Gate Drive circuitry (PGD), which helps
reduce these delays to around 10 ns.

To calculate the losses in the rectifier MOSFET, use Equation 30 through Equation 33.
Pasr = Pcon + Pep + Paare (30)
Vour 2 IRIPPLE2
Pcon = Rbs(on) X l1 TV (ty +tp) x fs] lot + =75 -

(31)

Pap = Vi X lour X [ty + tp) X fg (32)
Peate = Qqerotay X Vg X X fg
where

e Pgp = body diode losses

* t, = body diode conduction prior to turnon of channel = 12 ns for PGD

* t, = body diode conduction after turnoff of channel = 12 ns for PGD

e V= body diode forward voltage (33)

Estimating the body diode losses based on a forward voltage of 1 V gives 0.072 W. The gate losses are
unknown at this time, so assume 0.1-W gate losses. This leaves 0.428 W for conduction losses. Using this
figure, a target Rpg(on) Of 5 mQ was calculated.

The Si7336ADP from Vishay was chosen. Using the parameters from its data sheet, the actual expected power
losses are calculated. Conduction loss is 0.317 W, body diode loss is 0.072 W, and the gate loss is 0.136W. This
totals 0.525 W associated with the rectifier MOSFET.

Two other criteria should be verified before finalizing on the rectifier MOSFET. One is the requirement to ensure
that predictive gate drive functions correctly. The turnoff delay of the Si7336ADP is 97 ns. The minimum turnoff
delay of the Si7860DP is 25 ns. Together these devices meet the 130-ns requirement.

Secondly, the ratio between Cys and Cgyy should be greater than 1. The Si7336ADP easily meets this criterion.
This helps reduce the risk of dv/dt-induced turnon of the rectifier MOSFET. If this is likely to be a problem, a
small resistor may be added in series with the boost capacitor, CBOOST.

8.2.1.2.1.6 Timing Resistor, Ry

The timing resistor is calculated using Equation 34.

’
Ry = - 23
T fgx17.82x 1076

(34)
This gives a resistor value of 165 kQ. The nominal frequency using this resistor is 300 kHz.

8.2.1.2.1.7 Feed-Forward and UVLO Resistor, Ryge

A resistor connected to the KFF pin of the IC feeds into the ramp generator. This resistor provides current into
the ramp generator proportional to the input voltage. The ramp is then adjusted to compensate for different input
voltages. This provides the voltage feed-forward feature of the TPS40077.
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The same resistor also sets the undervoltage lockout point. The input start voltage should be used to calculate a
value for Rgge. For this module, the minimum input voltage is 8 V; however, due to tolerances in the IC, a start
voltage of 10% less than the minimum input voltage is selected. The start voltage for Rxge calculation is 7.2 V.
Using Equation 35, Rkre can be selected.

- 2
Ryrr = 0131 X Ry X Viyyiopon = 161 X 1073 X Vi 00n” + 1.886 X Vi 0 — 1.363 — 0.02 x Ry

on)
~ 487 x 1075 x R,

where
*  Rgrr and Ry are in kQ (35)

Equation 35 gives an Rggr value of 156 kQ. The closest lower standard value of 154 kQ should be selected. This
gives a minimum start voltage of 7.1 V.

8.2.1.2.1.8 Soft-Start Capacitor, CSS

It is good practice to limit the rise time of the output voltage. This helps prevent output overshoot and possible
damage to the load. The selection of the soft-start time is arbitrary. It must meet one condition: it should be
greater than the time constant of the output filter, LOUT and COUT. This time is given by Equation 36.

tstapT = 21 X VLOUT x COUT (36)

The soft-start time must be greater than 0.23 ms. A time of 0.75 ms was chosen. This time also helps limit the
initial input current during start-up so that the peak current plus the capacitor start-up current is less than the
minimum short-circuit current. The value of CSS can be calculated using Equation 37.
I
_ 'Ss
Css =y X tsTaRT
FB (37)

A standard 15-nF MLCC capacitor was chosen. The calculated start time using this capacitor is 0.875 ms.

8.2.1.2.1.9 Short-Circuit Protection, Ry and C,u

Short-circuit protection is programmed using the Ry resistor. Selection of this resistor depends on the Rpggn) Of
the switching MOSFET selected and the required short-circuit current trip point, Iscp. The minimum lgcp is limited
by the inductor peak current, the output voltage, the output capacitor, and the soft-start time. Their relationship is
given by Equation 38. A short-circuit current trip point greater than that calculated by Equation 38 should be
used.

COUT x V
e
START (38)
The minimum short-circuit current trip point for this design is 12.25 A. This value is used in Equation 39 to
calculate the minimum R,y value.
lscp X RDS(on)MAX + VILIM(Max)

ILIM(Min) (39)

Rium =

R, is calculated to be 1.17 kQ, and a 1.2-kQ resistor is used to verify that the short-circuit current requirements
are met. The minimum and maximum short-circuit current can be calculated using Equation 40 and Equation 41.

Loy % Rismgving = Viumovax)

I
SCP(MIN) RDS(on)MAX (40)

Liummaxy % Biumgaxy = Viomaing

|
SCP(MAX) RDS(nMIN "~

where: Vi mmax) and Vigvyminy @re maximum and minimum voltages across the high side FET when it is turned
on, taking into account temperature variations.

The minimum Igcp is 12.25 A, and the maximum is 34 A.
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It is also recommended to add a small capacitor, C, , across R, . The value of this capacitor should be about
half the value calculated in Equation 42.

c _ Vour x 0.2
ILIM(Max) — VIN X RILIM X fS

(42)
This equation yields a maximum C, ,, as 55 pF. A smaller value of 27 pF is chosen is chosen.

8.2.1.2.1.10 Boost Voltage, CBOOST and DBOOST (Optional)

To be able to drive an N-channel MOSFET in the switch location of a buck converter, a capacitor charge pump
or boost circuit is required. The TPS40077 contains the elements for this boost circuit. The designer must only
add a capacitor, CBOOST, from the switch node of the buck power stage to the BOOST pin of the IC. Selection
of this capacitor is based on the total gate charge of the switching MOSFET and the allowable ripple on the
boost voltage, AVggost- A ripple of 0.2 V is assumed for this design. Using these two parameters and
Equation 43, the minimum value for CBOOST can be calculated.

Qqroral)
AVpoost (43)

The total gate charge of the switching MOSFET is 23 nC. A minimum CBOOST of 0.092 uF is required. A 0.1 pF
capacitor was chosen. This capacitor must be able to withstand the maximum input voltage plus the maximum
voltage on DBP. This is 13.2 V plus 9.0 V, which is 22.2 V. A 50-V capacitor is used.

To reduce losses in the TPS40077 and to increase the available gate voltage for the switching MOSFET, an
external diode can be added between the DBP pin and the BOOST pin of the IC. A small-signal Schottky diode
should be used here, such as the BAT54.

CBOOST >

8.2.1.2.1.11 Closing the Feedback Loop, Rz;, Rp1, Rpzo: Rseris Rsera: Czo, Cpo, @and Cpyq

A graphical method is used to select the compensation components. This is a standard feed-forward buck
converter. Its PWM gain is given by Equation 44.

K - Vuvio
PWM 1V (44)

The ramp voltage is 1 V at the UVLO voltage. Because of the feed-forward compensation, the programmed
UVLO voltage is the voltage that sets the PWM gain.

The gain of the output LC filter is given by Equation 45.
1+ s x ESR x COUT

Kic =
LOUT 2

1+ s x ROUT+S x LOUT x COUT (45)

The PWM and LC gain is Equation 46.

v 1+ s x ESR x COUT
Ge(s) = Kpym X K¢ X UVLO
1V LOUT P

1+sx ROUT + s x LOUT x COUT (46)

To plot this on a Bode plot, the dc gain must be expressed in dB. The dc gain is equal to KPWM. To express this
in dB, take its logarithm and multiply by 20. For this converter, the dc gain is Equation 47.

\
DCGAIN = 20 x log| -9 | = 20 x log(7) = 16.9 dB

RAMP 47)
Also, the pole and zero frequencies should be calculated. A double pole is associated with the LC and a zero is
associated with the ESR of the output capacitor. The frequencies where these occur can be calculated using
Equation 48 and Equation 49.

1

f - — 4.3 kHz

LC_Pole = 5« JLOUT x COUT 48)
_ 1 _

fesr_zero = 57 ESR = couT ~ 21 KHz (49)
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These are shown in the Bode plot of Figure 29.

30
20
SN < Double Pole
o NI
\\ < ESR Zero
0 AN
\\
3 -0 g
1 N
N
5 201 ESR=0.160 | \ ;\
© Slope = —20 dB/Decade \ AN
=30 \\
\
-40 \\
-50 \
-60

0.1 1 10 100 1k

f - Frequency - kHz
G028

Figure 29. PWM and LC Filter Gain

The next step is to establish the required compensation gain to achieve the desired overall system response.
The target response is to have the crossover frequency between 1/9 and 1/5 times the switching frequency, in
order to have a phase margin greater than 45° and a gain margin greater than 6 dB.

A type-lll compensation network, shown in Figure 30, was used for this design. This network gives the best
overall flexibility for compensating the converter.

Rp,  Crzt TPS40077

Vour —"—’\/\/\/—| |—

RZ1

RS ET

v

Figure 30. Type-lll Compensation With the TPS40077

$§0240-01

A typical Bode plot for this type of compensation network is shown in Figure 31.
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Figure 31. Type-lll Compensation Typical Bode Plot

The high-frequency gain and the break (pole and zero) frequencies are calculated using Equation 50 through

Equation 55.
R-, + R
VOUT = VREF x —£!— _SET
Rser (50)
R, + R
GAIN = Rpy, x =41 —F1
Rz1 X Rpy (51)
foy = 1
- Cpa + Czo _ 1
P2 21 X Rpzp X Cpp X Czp 21 X Rpz, X Cpy (53)
fz1 = :
fzo = 1 = :
21 X (Rpzp + Rpy) X Gz 27 X Rpza X Czp (55)

Looking at the PWM and LC bode plot, there are a few things which must be done to achieve stability.

1.
2.

3.

4.

Place two zeros close to the double pole, e.g., fz; = f;, = 4.3 kHz

Place both poles well above the crossover frequency. The crossover frequency was selected as one sixth the
switching frequency, f.,; = 50 kHz, fp; = 66 kHz

Place the second pole at three times f.,;. This ensures that the overall system gain falls off quickly to give
good gain margin, fy, = 150 kHz

The high-frequency gain should be sufficient to ensure 0 dB at the required crossover frequency, GAIN = -1
x gain of PWM and LC at the crossover frequency, GAIN = 16.9 dB

Using these values and Equation 50 through Equation 55, the Rs and Cs around the compensation network can
be calculated.

1. Set RZl =51 kQ

2. Calculate Rget using Equation 50, Rget = 32.4 kQ

3. Using Equation 54 and f,; = 4.3 kHz, Cpz; can be calculated to be 726 pF, Cpz;= 680 pF

30 Copyright © 2007-2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps40077?qgpn=tps40077
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS40077

www.ti.com.cn ZHCSJU9E —JANUARY 2007 —-REVISED JUNE 2019

4. fp1 and Equation 52 yields Rp; to be a standard value of 3.3 kQ.
5. The required gain of 16.9 dB and Equation 51 sets the value for Rpz,. Rpz, = 21.5 kQ.

6. C,, is calculated using Equation 55 and the desired frequency for the second zero, C,, = 1.7 nF, or using
standard values, 1.8 nF.

7. Finally, Cp, is calculated using the second pole frequency and Equation 53; Cp, = 47 pF.
Using these values, the simulated results are 57° of phase margin at 54 kHz.

8.2.1.3 Application Curves

100 50 200
90 - 45 \ 180
80 ” | ; il \\ Phase
8V 40 f 160
/ / \
70 12V
35
® 16V \ 140
oy %0 m 30 A\ 120
& 50 9 @
S e 25 100 @
prri 40 ® <
4} h o
< 20 \ 80
& \ \
15 N Gain 60
20 \\ ,-"\\
10 . m 40
10
. 5 N ‘\ 20
0 1 2 3 4 5 6 7 8 9 10 0 \‘ \ 0
lout - Load Current - A oz 100 1k 10k 100k M
Figure 32. Module Efficiency, f- Frequency - Hz G027
8V,12V,and 16 VIn, 0 to 10 A Out Figure 33. Bode Plot Showing 57° Phase Margin
at Crossover Frequency of 54 kHz
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8.3 Additional System Examples

+ >

VDD
12V

TPS40077PWP

KFF ILIM [16]

c12
22 uF
cs

0.1 uF

= Q1

PGD HDRV |13

4, Si7840BDP
[ ]

c14
22 uF

L1
Pulse
PG0077.202
2 puH

Figure 34

SGND  SW |12
Q2
o—| ss DBP | 11] Si7856ADP + + Vour
H Ters 18V
b i 10A
FB LDRV (10 o 4.7 nF Cc15 C16 c17 c18
R5 47 uF | 470 uF | 470 uF | 0.1 uF
10 kQ 5.6 nF
o—f\/\/\,—| COMP PGND |9 _
C4 470 pF PWP " - - - - o
0—|
R7 8.66 kQ N
AV
R3 cé RS
5.49 kQ 47nF 2260
W I

$0209-01

. 300 kHz,12Vto 1.8V
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Additional System Examples (continued)

+

VDD

12V

I

TPS40077PWP c7
10 pF B
KFF ILIM B
c12 c14
22 uF | 22F
RT VDD cs y
c1o 01y | 01w
! LVBP BOOST >—||— Pl';|1se
=Hal PG0077.202
i< Si7840BDP 2 H
PGD  HDRV o [y K
BAT54 - o . +
SGND S
C9 1uF Q2
0—' SS DBP >—| |— Si7856ADP + + Vour
= Ters 18V
1 10A
EB LDRV e |4.7nF C15 Cc16 c17 c18
R5 47 uF | 470 uF | 470 uF | 0.1 uF
10 kQ 5.6 nF
-\ —] COMP PGND .
C4 470 pF PWP ¢ ® ® »
‘
R7 8.66 kQ N
%Y
R3 c6 R8
5.49 kQ 4.7 nF 226 O
||
AN I
S0210-01
See Boost Diode.
Figure 35. 300 kHz, 12 V to 1.8 V With Improved High-Side Gate Drive
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Additional System Examples (continued)
+ p
VDD
5V
R2 c12 cl4
90.1 kQ 22 4F | 22 F
AN cs8 1
C2 0.1 pF _| O1wF
— L1
) Pulse
|": gi17860DP PG0077.202
o 2pH
° . P+
C3 22nF
R4 330kQ ¢ Si7860DP + + Vour
: e, Jes N
¢ |47nF c15 |c16 |c17  |c18
R5 47 uF | 470 uF | 470 uF | 0.1 uF
10 kQ 5.6 nF
[
A 4 A 4 A 4 4 A 4 » -
C4 470 pF v
[
N

R3
12.1 kQ

N

Note: Resistor across soft start capacitor.
$0211-01

See Boost Diode.

Figure 36. 500 kHz, 5V to 1.2 V With Improved High-Side Gate Drive

9 Layout

9.1 Layout Guidelines

The TPS40077 provides separate signal ground (SGND) and power ground (PGND) pins. Take care to properly
separation of the circuit grounds. Each ground must consist of a plane to minimize its impedance, if possible.
The high-power noisy circuits such as the output, synchronous rectifier, MOSFET driver decoupling capacitor
(DBP), and the input capacitor should be connected to PGND plane.

Connect sensitive nodes such as the FB resistor divider and RT to the SGND plane. The SGND plane must only
make a single-point connection to the PGND plane. Tl recommends that the SGND pin be tied to the copper
area for the thermal pad underneath the chip. Tie the PGND to the thermal-pad copper area as well, and make
the connection to the power circuit ground from the PGND pin. Reference the output voltage divider to the SGND

pin.

Component placement must ensure that bypass capacitors (LVPB and DBP) are located as close as possible to
their respective power and ground pins. Also, sensitive circuits such as FB, RT and ILIM should not be located
near high-dv/dt nodes such as HDRV, LDRYV, BOOST, and the switch node (SW). Failure to follow careful layout
practices results in suboptimal operation. More detailed information can be found in the TPS40077EVM user's
guide (SLVU192).
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10.2 R

10.2.1  FHRICRY

B a0 AH SR SR -

+  (PowerPAD i #At s I HK D) , SLMAOO2

o (TPS40190 fi 5] %L [0 b k#5145 ) » SLUS658

o (AGERHF IR HAE 19 TPS40100 Fimdm A A #HI8%) , SLUS601
o (HAAGHJERFIIREN TPSA0075 FHimi A\ [ [ E#E#4%) , SLUS676

«  (TPS40057 #HiA A6 & IE#7#4%) , SLUS593

o (ff/] TPS40077EVM 12V %A, 1.8V %l 10A [AA 5 /E##4%) , SLVU192

10.3  FWOCRY BE HrdE N

FRWCCRS S HE A, SR Tl.com.en L=, i hA BRI EEE #HATEM, BInT& B>
e B EGEE . FRE R EAE R, BEAEE ST R EE BT T il %

10.4 #HX&EJE

The following links connect to TI community resources. Linked contents are provided "AS 1S" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see Tl'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.

10.5 Fifr

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

10.6 #FHLIHEE S

A cnEaoHRONE ESD (. RSN, A RIS EE TSI, BB MOS [T 4
‘g’\ 5.
10.7 Glossary

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

11 HUB. BERATAATIE B

CAR U A & AL BRI T IS S . 1885 Ho fia e s PF i sl 8 . Bl 248, A RATER, H
A XS BESCFATAE o U0 TG SR AE 2 10 VAR RAS 37 2 D 2 I 3 A
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PACKAGING INFORMATION

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

TPS40077PWP Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 40077
TPS40077PWP.A Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 40077
TPS40077PWPR Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40077

TPS40077PWPR.A Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 40077
TPS40077PWPRG4 Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 40077

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents TlI'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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS40077PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 23-May-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40077PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS40077PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40077PWP.A PWP HTSSOP 16 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
PWP 16 PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

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

PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

6:2 TYP SEATING PLANE
PR (5] Eole]
P — ‘ === (]
— =
— —
N w— — 2x
4.9 [4.55]
NOTE 3 —] 1
— —
— — N
8| =—3=-—1

—
9 0.30
4.5 16X 5
p — 0.19

(@ [01@ [c[A[B]
4 f\‘ \
' \ (0.15) TYP
T I
‘,\J T N
”\"/\SEE DETAIL A j
— 4X 0.166 MAX
2X 1.34 MAX NOTE 5
NOTE 5
— —
: I f THERMAL
— { PAD
P — P i
57 17 GAGE PLANE
— — r
— — ' *
; LT LI g 0“_ 8° T
— — oL
= DETAIL A
3.3 (1) TYPICAL
2.7

4214868/A 02/2017

NOTES: PowerPAD is a trademark of Texas Instruments.

1. 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.

. Reference JEDEC registration MO-153.

. Features may not be present.

[S20F N w N
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EXAMPLE BOARD LAYOUT
PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

SOLDER MASK
DEFINED PAD

/SEE DETAILS
|

16X (1.5)
AT

oxoan [

== ©)
NOTE 9
SN

14X (0.65)
T

@0.2) TYP
VIA

METAL COVERE [ S

BY SOLDER MASK

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:10X

METAL UNDER

SOLDER MASK: SOLDER MASK
OPENING \ METAL SOLDER MASK\ fOPENING
”””” =)
JL EXPOSED »j ””””””
0.05 MAX METAL 0.05 MIN

ALL AROUND ALL AROUND

SOLDER MASK

NON SOLDER MASK DEFINED

DEFINED

SOLDER MASK DETAILS
PADS 1-16
4214868/A 02/2017

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.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO0O02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

33
BASED ON

0.125 THICK
1oX(19) STENCIL (RO.05) TYP
L I T I R R

16X (0.45) j

33
BASED ON
0.125 THICK
STENCIL

|

L]
X0
—

METAL COVERED

BY SOLDER MASK SEE TABLE FOR

DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:10X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.69 X 3.69

0.125 3.3 X 3.3 (SHOWN)
0.15 3.01 X 3.01
0.175 2.79 X 2.79

4214868/A 02/2017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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