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5 Pin Configuration and Functions

ki [T {10 ST Tim
RTC T ]2 P15 1T 1N
BPS [ |3 14 [T 1 BoosT
SYNC |:|: 4 Thermal Pad 13 :I:l HDRV
SGND [ [ |5 P12 T 1sw
ssisD [T |6 C11 T 18P0
VFB [T |7 \10::|LDRV
comp [T |8 © 9T penD

A.  For more information on the PWP package, refer to the PowerPAD™ Thermally Enhanced Package application report.
B. A PowerPAD heat slug must be connected to SGND (pin 5) or electrically isolated from all other pins.

K 5-1. 16-Pin PWP HTSSOP Package (Top View)

Z 5-1. Pin Functions

PIN
110 DESCRIPTION
NAME NO.

BOOST | 14 | O Gate drive voltage for the high side N-channel MOSFET. The BOOST voltage is 9 V greater than the SW voltage.
Connect a 0.1-uF ceramic capacitor from this pin to the drain of the lower MOSFET.

BP5 3 o 5-V reference. Bypass this pin to ground with a 0.1-uF ceramic capacitor. This pin can be used with an external DC
load of 1 mA or less.
10-V reference used for gate drive of the N-channel synchronous rectifier. Bypass this pin with a 1-uF ceramic

BP10 11 (0] . o -
capacitor. This pin can be used with an external DC load of 1 mA or less.
Output of the error amplifier and input to the PWM comparator. A feedback network is connected from this pin to the

COMP 8 O | VFB pin to compensate the overall loop. The COMP pin is internally clamped above the peak of the ramp to improve
large signal transient response.
Floating gate drive for the high-side N-channel MOSFET. This pin switches from BOOST (MOSFET on) to SW

HDRV 13 | O
(MOSFET off).
Current limit pin. Used to set the overcurrent threshold. An internal current sink from this pin to ground sets a voltage

ILIM 16 | |drop across an external resistor connected from this pin to VCC. The voltage on this pin is compared to the voltage
drop (VIN - SW) across the high-side MOSFET during conduction.

KFE 1 | A resistor is connected from this pin to VIN to program the amount of voltage feedforward and UVLO level. The
current fed into this pin is internally divided and used to control the slope of the PWM ramp.

LDRV 10 o Gate drive for the N-channel synchronous rectifier. This pin switches from BP10 (MOSFET on) to ground (MOSFET
off).

PGND 9 Power ground reference for the device. There should be a low-impedance path from this pin to the source or sources
of the lower MOSFET or MOSFETs.

RT I | Aresistor is connected from this pin to ground to set the internal oscillator and switching frequency.

SGND — | Signal ground reference for the device
Soft-start programming and shutdown pin. A capacitor connected from this pin to ground programs the soft-start time.
The capacitor is charged with an internal current source of 2.3 pA. The resulting voltage ramp on the SS/SD pin is
used as a second non-inverting input to the error amplifier. The output voltage begins to rise when Vgg/gp is

SS/SD 6 | |approximately 0.85 V. The output continues to rise and reaches regulation when Vgg,sp is approximately 1.55 V. The
controller is considered shut down when Vggsp is 125 mV or less. The internal circuitry is enabled when Vgg/sp is
210 mV or greater. When Vgg/sp is less than approximately 0.85 V, the outputs cease switching and the output
voltage (Vo) decays while the internal circuitry remains active.

SW 12 | This pin is connected to the switched node of the converter and used for overcurrent sensing. The TPS40054 also
uses this pin for zero current sensing.
Synchronization input for the device. This pin can be used to synchronize the oscillator to an external controller

SYNC 4 | e e
frequency. If synchronization is not used, connect this pin to SGND.

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

VIN 15 | |Supply voltage for the device
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range unless otherwise noted(")
MIN MAX UNIT
VFB, SS/SD, SYNC -0.3 6
VIN, SW -0.3 45
ViN  Input voltage SW, transient < 50 ns -25 \%
SW, transient < 50 ns, Vyy < 14 V -5
KFF, with liymax) = = 5 mA -0.3 1
Vo Outputvoltage COMP, RT, SS/SD -0.3 6 A
KFF 5
lo Output current |RT 200 uA
T,  Maximum junction temperature®) 150 s
T, Operating junction temperature -40 125 c
Tstg Storage temperature range -55 150 °C

@)

Stresses beyond those listed under 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 is not implied. Exposure to absolute-maximum-
rated conditions for extended periods may affect device reliability.

Device may shut down at junction temperatures below 150°C.

6.2 Recommended Operating Conditions

MIN MAX UNIT

VN Input voltage 8 40 \

Ta Operating free-air temperature -40 85 °C

6.3 Thermal Information
TPS4005x
THERMAL METRIC(") HTSSOP UNIT
16 PINS

Roa Junction-to-ambient thermal resistance 38.3 °C/W
Royctop Junction-to-case (top) thermal resistance 28 °C/W
Ry Junction-to-board thermal resistance 9 °C/W
L Junction-to-top characterization parameter 0.4 °C/W
LT Junction-to-board characterization parameter 8.9 °C/W
Ry ychot Junction-to-case (bottom) thermal resistance 2.9 °C/W

M

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.4 Electrical Characteristics

Ta= -40°C 10 85°C, V|ny = 24 V4e, RT =90.9 kKQ, Ikpr = 150 pA, fsw = 500 kHz, all parameters at zero power dissipation
(unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MK TYP  MAX| UNIT
INPUT SUPPLY
VN Input voltage range, VIN ‘ ‘ 8 40 ‘ \%
OPERATING CURRENT
oo Quiescent current Sutput drivers not switching, Vgg = 0.75 15 3l mA
BP5
Vgps Output voltage lo<1mA 4.7 5 5.2 \%
OSCILLATOR/RAMP GENERATOR
fosc Accuracy 8VEVys<40V 470 520 570| kHz
Vramp PWM ramp voltage(") Vpeak ~ VvaL 2 v
Viy High-level input voltage, SYNC 2
Vi Low-level input voltage, SYNC 0.8 \%
Isyne Input current, SYNC 5 10 MA
Pulse width, SYNC 50 ns
VRT RT voltage 2.38 25 2.58 \Y
Vg =0V, fsyw < 500 kHz 85% 94%
Dmax ~ Maximum duty cycle
Veg =0V, 500 kHz < fgyy < 1 MHz(") 80%
Minimum duty cycle Vgg = 0.75V 0%
Vker Feed-forward voltage 3.35 3.48 3.65 \%
IkeF Feedforward current operating range(") (2 20 1100 pA
SOFT START
Iss)isp Soft-start source current 1.65 2.35 295 pA
Vssisp  Soft-start clamp voltage 3.7 \%
toscH  Discharge time Css/sp = 220 pF 1.6 2.2 2.8
tssisp  Soft-start time Cssisp =220 pF, 0V < Vggisp < 1.6V 115 150 215 he
BP10
Vgp1g  Output voltage lo<1mA 9 9.6 10.3 \%
ERROR AMPLIFIER
8V=<VN<40V,Ty=25C 0.698 0.7 0.704
Veg Feedback input voltage BV<Vy<40V,0°C < Tp <85C 0.693 0.7 0.707 \%
8V =<VN<40V,-40°C< Tp < 85°C 0.693 0.7 0.715
Ggw Gain bandwidth(") 3 5 MHz
AvoL Open loop gain 60 80 dB
lon High-level output source current 4 A
loL Low-level output sink current 4
VoH High-level output voltage Isource = 500 pA 3.2 3.5 v
VoL Low-level output voltage Isink = 500 pA 0.2 0.35
Igias Input bias current Veg=0.7V 100 200 nA
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Ta= -40°C to 85°C, V|y = 24 Vg, Ry =90.9 kKQ, Ikgr = 150 pA, fsw = 500 kHz, all parameters at zero power dissipation
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
CURRENT LIMIT
IsINK Current limit sink current 8.5 10 115 uA
. V|L|M =237 V, VSW = (VILIM - 05 V) 300
Propagation delay to output
Vium = 23.7 V, Vew = (Vi ~ 2V) 200 ns
ton Switch leading-edge blanking pulse time(") 100
torr Off time during a fault (soft-start cycle time) 7 cycles
Ta=25°C -90 -70 - 50
Vos Offset voltage SW versus ILIM Vium =23.6V,0°C < Tp < 85°C -120 -38 mV
Vium =236V, -40°C < Tp < 85°C -120 -20
OUTPUT DRIVER
tirise  Low-side driver rise time 48 96
. . . CLOAD =2200 pF
tiraL  Low-side driver fall time 24 48
ns
thrise  High-side driver rise time 48 96
- B ) - CLoap = 2200 pF (HDRV - SW)
turaLL  High-side driver fall time 36 72
Vou  High-level output voltage, HDRV liory = - 0.1 A (HDRV - SW) YBfgs\; VB??S\;
VoL Low-level ouput voltage, HDRV luprv = 0.1 A (HDRV - SW) 0.75 v
Voy  High-level ouput voltage, LDRV llpry = -~ 0.1 A _\1/35’1\‘} YB;’ 1\‘}
VoL Low-level output voltage, LDRV llpry = 0.1 A 0.5
Minimum controllable pulse width 100 150 ns
SS/SD SHUTDOWN
Vsp Shutdown threshold voltage Outputs off 90 125 160 v
m
VEN Device active threshold voltage 190 210 245
BOOST REGULATOR
Vaoost Output voltage ‘V|N= 24V ‘ 31.2 322 335 ‘ Vv
RECTIFIER ZERO CURRENT COMPARATOR (TPS40054 ONLY)
Vow  Switch voltage \ LDRV output OFF \ - 10 -5 0 \ mv
SW NODE
lleak  Leakage current() (out of pin) ‘ ‘ 25 ‘ pA
THERMAL SHUTDOWN
Shutdown temperature(!) 165 i
Tsp — c
Hysteresis(1) 20
uvLO
Vuvio KFF programmable threshold voltage Rkrr = 28.7 kQ 6.95 7.5 7.95
Vbp UVLO, fixed 7.2 75 7.9 \
Vpp UVLO, hysteresis 0.46

(1) Specified by design. Not production tested.
(2) Ikpr increases with SYNC frequency, maximum duty cycle decreases with Ixgg.
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6.5 Typical Characteristics
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/&l 6-1. Switching Frequency vs Timing Resistance K| 6-2. Feed-Forward Impedance vs Switching
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7 Detailed Description
7.1 Overview

The TPS4005x family of synchronous buck controllers are designed to operate over a wide range of input
voltages (8 V to 40 V). These devices offer a variety of user programmable functions such as the following:

* Operating frequency

* Soft start

* Voltage feedforward

* High-side current limit

* External loop compensation

7.2 Functional Block Diagram

ILIM
[161
i
VIN |15 141 BP10 . [11] sP10
7 CLK : 3 ) ;
RT CLK : i
Oscillator : :
SYNC | 4 i : i
L : : 4{ 1{] BOOST
i 10V Regulator i
Ramp Generator LI 1V5REF CcL
- ?\Z;/RREE: 3-bit up/down N-channel
AN Reference [~ — Ml Fault Counter Driver 1?] HDRV
L | Voltages  |3VSREF oy ‘ ‘
3; Restart  Fault
BP5 o
Sw
07VREF L12:]
BP10
VFB - i
Soft Start a
SS/SD i — N-channel ‘ 5,
e Q Driver ) L“z] LDRV
tsTaRT
Restart SW
CLK =S Q
Hg PGND
COMP _
—R Q
Zero Current Detector
s (TPS40054 Only)
SGND UDG-08118

7.3 Feature Description
7.3.1 Setting the Switching Frequency (Programming the Clock Oscillator)
The TPS4005x has independent clock oscillator and ramp generator circuits. The clock oscillator serves as the

controller clock to the ramp generator circuit. The switching frequency, fsyy in kHz, of the clock oscillator is set by

a single resistor (Rt) to ground. The clock frequency is related to Ry, in kQ by J7#5 1 and the relationship is
charted in & 6-1.

R, = 1 —— 17 | ke
fow X 17.82 x 10

7.3.2 Programming The Ramp Generator Circuit

(1

The ramp generator circuit provides the actual ramp used by the PWM comparator. The ramp generator provides
voltage feedforward control by varying the PWM ramp slope with line voltage, while maintaining a constant ramp
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magnitude. Varying the PWM ramp directly with line voltage provides excellent response to line variations
because the PWM does not have to wait for loop delays before changing the duty cycle (see [¥ 7-1).
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K 7-1. Voltage Feedforward Effect on PWM Duty Cycle

The PWM ramp must be faster than the controller clock frequency or the PWM is prevented from starting. The
PWM ramp time is programmed through a single resistor (Rkgg) pulled up to VIN. Rggf is related to Ry, and the
minimum input voltage, Vymin), through the following:

Rier = (Vingmin) — Virr Jx (58.14 xRy +1340) © "

where

* ViN(min) is the ensured minimum start-up voltage (the actual start-up voltage is nominally about 10% lower at
25°C). Vinmin) must be programmed equal to or greater than 8 V to ensure start-up and shutdown through the
programmed UVLO through the KFF pin.

* Ryis the timing resistance in kQ.

*  Vker is the voltage at the KFF pin (typical value is 3.48 V).

The curve showing the Rggr required for a given switching frequency, fsyw, and Vyyo is shown in ¥ 6-2.

For low-input voltage and high duty-cycle applications, the voltage feedforward can limit the duty cycle
prematurely, but does not occur for most applications. The voltage control loop controls the duty cycle and
regulates the output voltage. For more information on large duty cycle operation, refer to the Effect of
Programmable UVLO on Maximum Duty Cycle application note.

7.3.3 UVLO Operation

The TPS4005x uses variable (user-programmable) UVLO protection. See the Programming the Ramp Generator
section for more information on setting the UVLO voltage. The UVLO circuit holds the soft start low until the input
voltage exceeds the user-programmable undervoltage threshold.

The TPS4005x uses the feedforward pin, KFF, as a user-programmable low-line UVLO detection. This variable
low-line UVLO threshold compares the PWM ramp duration to the oscillator clock period. An undervoltage
condition exists if the TPS4005x receives a clock pulse before the ramp has reached 90% of its full amplitude.
The ramp duration is a function of the ramp slope, which is directly related to the current into the KFF pin. The
KFF current is a function of the input voltage and the resistance from KFF to the input voltage. The KFF resistor
can be referenced to the oscillator frequency as described in /5 f£= 2.

The programmable UVLO function uses a 3-bit counter to prevent spurious shutdowns or turn-ons due to spikes
or fast line transients. When the counter reaches a total of seven counts in which the ramp duration is shorter
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than the clock cycle, a power-good signal is asserted and a soft start initiated, and the upper and lower
MOSFETS are turned off.

Once the soft start is initiated, the UVLO circuit must see a total count of seven cycles in which the ramp
duration is longer than the clock cycle before an undervoltage condition is declared (see |¥| 7-2).

UVLO Threshold

VIN

Clock JLWMMHJUMW

e _ VAV VAN NN
‘1‘2‘3‘4‘5‘6‘7‘ 12 1(2/3(4|5|6 |7
PowerGood

UDG-02132

& 7-2. Undervoltage Lockout Operation

The tolerance on the UVLO set point also affects the maximum duty cycle achievable. If the UVLO starts the
device at 10% below the nominal start-up voltage, the maximum duty cycle is reduced approximately 10% at the
nominal start-up voltage.

The impedance of the input voltage can cause the input voltage, at the controller, to sag when the converter
starts to operate and draw current from the input source. Therefore, there is voltage hysteresis that prevents
nuisance shutdowns at the UVLO point. With Rt chosen to select the operating frequency and Rggr chosen to
select the start-up voltage, the approximate amount of hysteresis voltage is shown in ¥ 6-3.

Some applications can require an additional circuit to prevent false restarts at the UVLO voltage level. This
applies to applications that have high impedance on the input voltage line or that have excessive ringing on the
V|n line. The input voltage impedance can cause the input voltage to sag enough at start-up to cause a UVLO
shutdown and subsequent restart. Excessive ringing can also affect the voltage seen by the device and cause a
UVLO shutdown and restart. A simple external circuit provides a selectable amount of hysteresis to prevent the
nuisance UVLO shutdown.

Assuming a hysteresis current of 10% Ixrr, and the peak detector charges to 8 V and Viymin) = 10 V, the value
of Ry is calculated by 7723 3 using a Rggr = 71.5 kQ.

Rqrr < (8-348) 495kQ = 499kQ

R = -
0.1x (\4N(min)—3.48)

©)

Ca is chosen to maintain the peak voltage between switching cycles to keep the capacitor charge from drooping
0.1V (from 8V to 7.9 V).

(8-3.48)

Ca= (Ra x7-9x gy )

(4)

The value of Cp can calculate to less than 10 pF, but some standard value up to 47 pF works adequately. The
diode can be a small-signal switching diode or Schottky rated for more then 20 V. 7-3 shows a typical
implementation using a small switching diode.

The tolerance on the UVLO set point also affects the maximum duty cycle achievable. If the UVLO starts the
device at 10% below the nominal start-up voltage, the maximum duty cycle is reduced approximately 10% at the
nominal start-up voltage.
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& 7-3. Hysteresis for Programmable UVLO

7.3.4 BP5 and BP10 Internal Voltage Regulators

Start-up characteristics of the BP5 and BP10 regulators over different temperature ranges are shown in 4| 6-4
and & 6-5. Slight variations in the BP5 occurs dependent upon the switching frequency. Variation in the BP10
regulation characteristics is also based on the load presented by switching the external MOSFETSs.

7.3.5 Programming Soft Start

The TPS4005x uses a closed-loop soft-start system to ensure a controlled ramp of the output during start-up.
The reference voltage used for the start-up is derived in the following manner. A capacitor (Csg/sp) is connected
to the SS/SD pin. There is a ramped voltage generated at this pin by charging Csg/sp with a current source. A
value of 0.85 V is subtracted from the voltage at the SS/SSD pin and is applied to a non-inverting input of the
error amplifier. This is the effective soft-start ramp voltage, Vssrmp. The error amplifier also has the 0.7-V
reference (Vgg) voltage applied to a non-inverting input. The structure of the error amplifier input stage is such
that the lower of Vig or Vgsryvp becomes the dominant voltage that the error amplifier uses to regulate the FB
pin. This provides a clean, closed-loop start-up while Vgsryp is lower than Veg and a precision reference
regulated supply as Vssrmp climbs above Veg. To ensure a controlled ramp-up of the output voltage, the soft-
start time must be greater than the L-Cg time constant as described in /7 #£5 5.

toraRT = 27 X m (seconds) (5)

where

* ts7arT IS the start-up ramp time in s.

There is a direct correlation between tstart and the input current required during start-up. The faster tstarT, the
higher the input current required during start-up. This relationship is described in more detail in the Programming
the Current Limit section. The soft-start capacitance, Csg/sp, is described in /5 f£x{ 6.

For applications in which the V| supply ramps up slowly (typically between 50 ms and 100 ms), it can be
necessary to increase the soft-start time to between approximately 2 ms and 5 ms to prevent nuisance UVLO
tripping. The soft-start time must be longer than the time that the V,\ supply transitions between 6 V and 7 V.

|
Css/sp = [ S\S/;:D JX tstarT (F)
(6)
where

* lsg/sp is the soft-start charge current (typical value is 2.35 n A).
* Vgg is the feedback reference voltage (typical value is 0.7 V).
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7.3.6 Programming Current Limit

The TPS4005x uses a two-tier approach for overcurrent protection. The first tier is a pulse-by-pulse protection
scheme. Current limit is implemented on the high-side MOSFET by sensing the voltage drop across the
MOSFET when the gate is driven high. The MOSFET voltage is compared to the voltage dropped across a
resistor connected from VIN pin 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.

The second tier consists of a fault counter. The fault counter is incremented on an overcurrent pulse and
decremented on a clock cycle without an overcurrent pulse. When the counter reaches seven, a restart is issued
and seven soft-start cycles are initiated. Both the upper and lower MOSFETs are turned off during this period.
The counter is decremented on each soft-start cycle. When the counter is decremented to zero, the PWM is re-
enabled. 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. See 7-4 for typical overcurrent
protection waveforms.

The minimum current limit setpoint (1, ) is calculated in J5 £ 7.

Ch xV,
him = [too] +loap (A)
START (7)
where

* I oap is the load current at start-up.

o

11 |l croex

--RF--9-F-11- -+ Vium
L] VunVsw

I/W’/_ -

7 CURRENT LIMIT TRIPS
(HDRV CYCLE TERMINATED BY CURRENT LIMIT TRIP)
7 SOFT-START CYCLES UDG-02136

7-4. Typical Current Limit Protection Waveforms

The current limit programming resistor (R ) is calculated using 75 f£5{ 8. Care must be taken in choosing the
values used for Vg and Igink in the equation. To ensure the output current at the overcurrent level, the minimum
value of Ignk and the maximum value of Vog must be used. The main purpose is hard fault protection of the
power switches.

loc *Rps(onYmax] + Vos 42.86x1073
RiLm = o) max] + (@)

1.12xIg)nk IsiNk ®)

where

Isink is the current into the ILIM pin and is 8.5 1 A, minimum.
loc is the overcurrent setpoint, which is the DC output current plus one-half of the peak inductor current.
Vs is the overcurrent comparator offset and is - 20 mV maximum.
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7.3.7 Synchronizing to an External Supply

The TPS4005x can be synchronized to an external clock through the SYNC pin. Synchronization occurs on the
falling edge of the SYNC signal. The synchronization frequency must be in the range of 20% to 30% higher than
its programmed free-run frequency. The clock frequency at the SYNC pin replaces the controller clock generated
by the oscillator circuit. Pulling the SYNC pin low programs the TPS4005x to freely run at the frequency
programmed by Ry.

The higher synchronization must be factored in when programming the PWM ramp generator circuit. If the PWM
ramp is interrupted by the SYNC pulse, a UVLO condition is declared and the PWM becomes disabled. Typically,
this is of concern under low-line conditions only. In any case, Rkgr needs to be adjusted for the higher switching
frequency. In order to specify the correct value for Rkgr at the synchronizing frequency, calculate a dummy value
for Rt that would cause the oscillator to run at the synchronizing frequency. Do not use this value of RT in the
design.

1
R - 17 | (ke
T(@ummy) [fSYNCX17.82><106 ]( )

C)
where

* fsync is the synchronizing frequency in kHz.

Use the value of Rygummy) to calculate the value for Rxr.

Rirr = (VIN(min) - VKFF)< (’58-14 *Rr(dummy) 1 340)Q (10)

where

° RT(dummy) isinkQ.

This value of Rggr ensures that UVLO is not engaged when operating at the synchronization frequency.
7.3.8 Loop Compensation

Voltage-mode buck-type converters are typically compensated using Type Il networks. Since the TPS4005x
uses voltage feedforward control, the gain of the PWM modulator with voltage feedforward circuit must be
included. The generic modulator gain is described in ¥ 7-5. Duty cycle, D, varies from 0 to 1 as the control
voltage, V¢, varies from the minimum ramp voltage to the maximum ramp voltage, Vs. Also, for a synchronous
buck converter, D = Vg / V|y. To get the control voltage to output voltage modulator gain in terms of the input
voltage and ramp voltage:

Vo _ V¢ Vo _ Vin

D=—~==—*~ o —=
Vin._ Vs Ve Vs (1)

With the voltage feedforward function, the ramp slope is proportional to the input voltage. Therefore, the
moderator DC gain is independent to the change of input voltage.

For the TPS4005x, with Vy(miny being the minimum input voltage required to cause the ramp excursion to reach
the maximum ramp amplitude of Vgame, the modulator DC gain is shown in 722 12.

VIN(min)J

VramP

VIN(min)

VramP

Aviop :[ J or AMOD(dB) =20x Iog[

(12)

For a buck converter using voltage mode control, there is a double pole due to the output L-Co. The double pole
is located at the frequency calculated in /7 F£z{ 13.
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1 (Hertz)

flc = ——F——=
2n x /L X Cq (13)

There is also a zero created by the output capacitance, Cq, and its associated ESR. The ESR zero is located at
the frequency calculated in 725X 14.

_ 1
fZ_2n><ESF{><CO

(Hertz)
(14)

Calculate the value of Rgjas to set the output voltage, V.

0.7xR1

R AL AL
BIAS =0 0.7

(15)

The maximum crossover frequency (0 dB loop gain) is set by J5f#x{ 16.

_ SwW
fo = 4 (Hertz) (16)

Typically, fc is selected to be close to the midpoint between the L-Co double pole and the ESR zero. At this
frequency, the control to output gain has a - 2 slope ( - 40 dB/decade), while the Type Il topology has a +1

slope (20 dB/decade), resulting in an overall closed loop - 1 slope (- 20 dB/decade). & 7-6 shows the
modulator gain, L-C filter, output capacitor ESR zero, and the resulting response to be compensated.

1]
ESR Zero, +1 , !
]
— B4
o
Vs \:' f \
Ve | 3 —Amob = ViN(miny/VRAMP \
& VvV VvV g
t_; \ Resultant, —1[
- 3 N
D=Vc/Vs = L-C Filter, =2 ,,}\ \\4{
M n \ K
»
100 1k 10k 100 k
Switching Frequency (Hz)
I 7-5. PWM Modulator Relationships i 7-6. Modulator Gain vs Switching Frequency

A Type lll topology, shown in 7-7, has two zero-pole pairs in addition to a pole at the origin. The gain and
phase boost of a Type lll topology is shown in 7-8. The two zeros are used to compensate the L-Co double
pole and provide phase boost. The double pole is used to compensate for the ESR zero and provide controlled
gain roll-off. In many cases, the second pole can be eliminated and the gain roll-off of the amplifier is used to roll-
off the overall gain at higher frequencies.
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B 7-7. Type lll Compensation Configuration K] 7-8. Type lll Compensation Gain and Phase

The poles and zeros for a Type |l network are described in 722 17 through 5 #2{ 20.

1

fpg=— (H
21~ 3Rraxct (2 (17)
fp=——— (Hz)
22~ 2nxR1xC3 (18)
fp1 = ; (HZ)

2nxR2xC2 (19)
fP2 = ; (HZ)

2nxR3xC3 (20)

The value of R1 is somewhat arbitrary, but influences other component values. A value between 50 kQ and
100 kQ usually yields reasonable values.

The unity gain frequency is described in J7f£3{ 21.

_ 1
fc=sixRixcaxg (Her2) (21)

where
* G is the reciprocal of the modulator gain at f¢.

The modulator gain as a function of frequency at f; is described in /525 22.

2
fi
Awmon(r) = Amob * []I:CJ and G= %
C MOD(f) (22)
Care must be taken not to load down the output of the error amplifier with the feedback resistor, R2, that is too
small. The error amplifier has a finite output source and sink current, which must be considered when sizing R2.
A value that is too small does not allow the output to swing over its full range.
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Vomay _ 35V
RZ(MIN) = | = 2‘ A = 1750 Q
SOURCE (min) m (23)

7.4 Device Functional Modes

The TPS40057 is safe for prebiased outputs, not turning on the synchronous rectifier until the high-side FET has
already started switching. The TPS40054 operates in one quadrant and sources output current only, allowing for
paralleling of converters and ensures that one converter does not sink current from another converter. This
controller also emulates a non-synchronous buck converter at light loads where the inductor current goes
discontinuous. At continuous output inductor currents, the controller operates as a synchronous buck converter
to optimize efficiency. The TPS40055 operates in two quadrants, sourcing and sinking output current.
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8 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

8.1 Application Information

The TPS4005x family of synchronous buck controllers are designed to operate over a wide range of input
voltages (8 V to 40 V). These devices are used to convert a higher DC input voltage to a lower DC output
voltage for a variety of applications. Use the following design procedure to select key component values for this
family of devices.

8.1.1 Selecting the Inductor Value

The inductor value determines the magnitude of ripple current in the output capacitors as well as the load current
at which the converter enters discontinuous mode. Too large an inductance results in lower ripple current but is
physically larger for the same load current. An inductance that is too small results in larger ripple currents and a
greater number of (or more expensive output capacitors for) the same output ripple voltage requirement. A good
compromise is to select the inductance value such that the converter does not enter discontinuous mode until
the load approximated somewhere between 10% and 30% of the rated output. The inductance value is
described in T2 24.

_ (Vin = Vo) X Vo

(Henries)
Vi X Al X gy (24)

where

* Vy is the output voltage.
* Alis the peak-to-peak inductor current.

8.1.2 Calculating the Output Capacitance

The output capacitance depends on the output ripple voltage requirement, output ripple current, as well as any
output voltage deviation requirement during a load transient.

The output ripple voltage is a function of both the output capacitance and capacitor ESR. The worst-case output
ripple is described in /7 f£2 25.

AV = Alx ESR+(1J
8><CO XfSW (25)

where

* Cqis the output capacitance.
* ESRis the equivalent series resistance of the output capacitance.

The output ripple voltage is typically between 90% and 95% due to the ESR component.

The output capacitance requirement typically increases in the presence of a load transient requirement. During a
step load, the output capacitance must provide energy to the load (light to heavy load step) or absorb excess
inductor energy (heavy to light load step) while maintaining the output voltage within acceptable limits. The
amount of capacitance depends on the magnitude of the load step, the speed of the loop, and the size of the
inductor.
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Stepping the load from a heavy load to a light load results in an output overshoot. Excess energy stored in the
inductor must be absorbed by the output capacitance. The energy stored in the inductor is described in 77 f£
26.

1 2
E .= 5 X L x 1= (Joules) 26)
where
2 2 2
12 — [(IOH) — (IOL) ] ((Amperes) )
(27)
* lpn is the output current under heavy load conditions.
* lp. is the output current under light load conditions.
Energy in the capacitor is described in J7f£= 28.
Ep =1 x C x V2 (Joules)
cC~ 5o (28)
where
2 2
ve = ()" ()] (vors?
(29)
where

* Viis the final peak capacitor voltage.
* V;is the initial capacitor voltage.

Substituting 723X 27 into 723X 26, then substituting /7 F£5X 29 into /7 #£3X 28, then setting /523 28 equal to
J7#2£3% 26, and then solving for Cg yields the capacitance described in 523 30.

Co = ; (Farads)

(30)
8.1.3 Calculating the Boost and BP10 Bypass Capacitor

The BOOST capacitance provides a local, low impedance source for the high-side driver. The BOOST capacitor
must be a good quality, high-frequency capacitor. The size of the bypass capacitor depends on the total gate
charge of the MOSFET and the amount of droop allowed on the bypass capacitor. The BOOST capacitance is
described in 77 £ 31.

Qq
CgoosT = AV (Farads) (31)

The 10-V reference pin, BP10V provides energy for both the synchronous MOSFET and the high-side MOSFET
through the BOOST capacitor. Neglecting any efficiency penalty, the BP10V capacitance is described in /5 £5{
32.

(Q +Q )
_ gHS gSR
Cgpio = AV (Farads) (32)
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8.1.4 DV-DT Induced Turn-On

MOSFETs are susceptible to dv/dt turn-on particularly in high-voltage (Vpg) applications. The turn-on is caused
by the capacitor divider that is formed by Cgp and Cgs. High dv/dt conditions and drain-to-source voltage on the
MOSFET causes current flow through Cgp and causes the gate-to-source voltage to rise. If the gate-to-source
voltage rises above the MOSFET threshold voltage, the MOSFET turns on, resulting in large shoot-through
currents. Therefore, the SR MOSFET should be chosen so that the Qgp charge is smaller than the Qgg charge.

8.1.5 High-Side MOSFET Power Dissipation

The power dissipated in the external high-side MOSFET is comprised of conduction and switching losses. The
conduction losses are a function of the Irys current through the MOSFET and the Rpg(on) of the MOSFET. The
high-side MOSFET conduction losses are defined by /722 33.

2

Pconp = (Iams) % Rps(on) % (1 + TCg X [TJ - 25OCD (Watts) (33)
where

* TCris the temperature coefficient of the MOSFET Rpg(on)-

The TCg varies depending on MOSFET technology and manufacturer, but typically ranges between 3500
ppm/°C and 7000 ppm/°C.

The Igps current for the high-side MOSFET is described in J5 25 34.

laws = lout X Vd  (Agus) (34)

The switching losses for the high-side MOSFET are described in 525 35.

Pswisw) = (Vin X lout X tow) X fgw (Watts) (35)

where

* lgpis the DC output current.
* tsw is the switching rise time, typically < 20 ns.
« fgw is the switching frequency.

Typical switching waveforms are shown in & 8-1.
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| 8-1. Inductor Current and SW Node Waveforms
The maximum allowable power dissipation in the MOSFET is determined by J5 £\ 36.
(T~ Ta)
Pr=-—57—— (Watts)
0,a (36)

where

Pt =Pconp + Psw(fsw) (w)-
* 0 4 is the package thermal impedance.

8.1.6 Synchronous Rectifier MOSFET Power Dissipation

The power dissipated in the synchronous rectifier MOSFET is comprised of three components: Rpson)
conduction losses, body diode conduction losses, and reverse recovery losses. Rpg(on) conduction losses can be
defined using 723 31 and the RMS current through the synchronous rectifier MOSFET is described in /52,
37.

lams = lo X V1 —d  (Amperesgys) (37)

The body-diode conduction losses are due to forward conduction of the body diode during the anti-cross
conduction delay time. The body diode conduction losses are described by J7 £z 38.

Ppc = 2 X Ig X Vg X tpg ay X fgy (Watts) (38)

where

* Vg is the body diode forward voltage.
* ipeLay is the delay time just before the SW node rises.

The 2-multiplier is used because the body diode conducts twice during each cycle (once on the rising edge and
once on the falling edge). The reverse recovery losses are due to the time it takes for the body diode to recover
from a forward bias to a reverse blocking state. The reverse recovery losses are described in /5 #£5{ 39.

Prr = 0.5 X Qg X V|y X fgyy (Watts) (39)
where
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* QgRr is the reverse recovery charge of the body diode.
The QRgr is not always described in a MOSFET data sheet, but can be obtained from the MOSFET vendor. The
total synchronous rectifier MOSFET power dissipation is described in 72\ 40.

Psr = Poc + PrRr * Pconp  (Watts) (40)

8.1.7 TPS4005x Power Dissipation

The power dissipation in the TPS4005x 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 MOSFETs. Driver power
(neglecting external gate resistance (refer to the PowerPAD Thermally Enhanced Package application note) can
be calculated from 722 41.

And the total power dissipation in the TPS4005x, assuming the same MOSFET is selected for both the high-side
and synchronous rectifier, is described in J5 &1 42.

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

Vor (42)

or

Pr=(2x Qg x fgy + Ig) x Vjy (Watts) 43)

where
* lqis the quiescent operating current (neglecting drivers).

The maximum power capability of the PowerPAD package is dependent on the layout as well as air flow. The
thermal impedance from junction to air, assuming 2-oz. copper trace and thermal pad with solder and no air flow:

0,5 = 36.515°C/W (44)
The maximum allowable package power dissipation is related to ambient temperature by 523 45.
T, -T
=4 A (Watts)
A 45)

Substituting 77 #£ 30 38 into J7 £ 3 43 and solving for fgy yields the maximum operating frequency for the
TPS4005x. The result is described in H £ 46.

(T-Ta)|_,
OaxVin | O
fsw = T 2xag (Hz)

(46)
8.2 Typical Application

Kl 8-2 shows component selection for the 10-V to 24-V to 3.3-V at 8 A DC-to-DC converter specified in the
design example. For an 8-V input application, it can be necessary to add a Schottky diode from BP10 to BOOST
to get sufficient gate drive for the upper MOSFET. As seen in ¥ 6-4, the BP10 output is about 6 V with the input
at 8 V, so the upper MOSFET gate drive can be less than 5 V.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 21
Product Folder Links: TPS40054 TPS40055 TPS40057


https://www.ti.com/lit/pdf/SLMA002
https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps40054?qgpn=tps40054
https://www.ti.com.cn/product/cn/tps40055?qgpn=tps40055
https://www.ti.com.cn/product/cn/tps40057?qgpn=tps40057
https://www.ti.com.cn/cn/lit/pdf/ZHCSAK8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSAK8J&partnum=TPS40054
https://www.ti.com.cn/product/cn/tps40054?qgpn=tps40054
https://www.ti.com.cn/product/cn/tps40055?qgpn=tps40055
https://www.ti.com.cn/product/cn/tps40057?qgpn=tps40057

13 TEXAS

TPS40054, TPS40055, TPS40057 INSTRUMENTS
ZHCSAK8J - DECEMBER 2003 - REVISED JUNE 2022 www.ti.com.cn

A Schottky diode is shown connected across the synchronous rectifier MOSFET as an optional device that can
be required if the layout causes excessive negative SW node voltage, greater than or equal to 2 V.

+

330 uF
Vin f— — 71.5 kQ
TPS4005xPWP 00 oF
KFF ILIM
RT VIN [15
Ry s
169 kQ 1.0pF Izz uF ]_22 uF

L
TiEr

2.9 uH

Si7860 . m

. ! 5 | SGND SW |12
R3
6.49 kQ
180 uF  |180 uF

*optional §R1 —_ -

= 100 kQ
Si7860 |Hq Vo
—

\
+

I
I
O
w

C1
330 pF  97.6 kQ

I AN 8 |coMP  PGND
1 1o 9]

= Rgias

26.7 kQ
< 1 1

Copyright © 2017, Texas Instruments Incorporated

& 8-2. 24-V to 3.3-V at 8-A DC-DC Converter Design Example

8.2.1 Design Requirements

* Input voltage: 10 Vp¢ to 24 Vpc

* Output voltage: 3.3 V +2% (3.234 < Vg < 3.366)

*  Output current: 8 A (maximum, steady state), 10 A (surge, 10-ms duration, 10% duty cycle maximum)
* Output ripple: 33 mVpp at 8 A

* Output load response: 0.3 V = 10% to 90% step load change, from 1 Ato 7 A

* Operating temperature: - 40°C to 85°C

* fgw =300 kHz

8.2.2 Detailed Design Procedure
8.2.2.1 Calculate Maximum and Minimum Duty Cycles

VO(max) _3.366
VIN(min) 10

Voo
O(min 3.234
IN(max)

=0.337

(47)

8.2.2.2 Select Switching Frequency

The switching frequency is based on the minimum duty cycle ratio and the propagation delay of the current limit
comparator. In order to maintain current limit capability, the on time of the upper MOSFET, tgn, must be greater
than 300 ns (see the Electrical Characteristics). Therefore:
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[ VO(min) J
( VO(min) J: [ ton ] or 1 VIN(max)
t

Vinmax) ) \tsw sw ~lew = ton
(48)

Using 400 ns to provide margin,

fow = fd)?’:’s = 337 kHz (49)
Since the oscillator can vary by 10%, decrease fsy, by 10%

fsw = 0.9 x 337 kHz = 303 kHz (50)
and, therefore, choose a frequency of 300 kHz.
8.2.2.3 Select Al
In this case Al is chosen so that the converter enters discontinuous mode at 20% of nominal load.

Al =15 x2X02=8x2x02=32A (51)

8.2.2.4 Calculate the High-Side MOSFET Power Losses

Power losses in the high-side MOSFET (Si7860DP) at 24-V,y where switching losses dominate can be
calculated from J5 23 52.

laws = lo X Vd = 8 x /0.135 = 2.93 A (52)

Substituting 7 #£3X 34 into 723X 33 yields

Pconp = 2.932 x 0.008 x (1 + 0.007 x (150 — 25)) = 0.129 W (53)

and from 7723 35, the switching losses can be determined.

Pawiew = (Vin X lo X ts) X fay = 24V x 8 A x 20 ns x 300 kHz = 1.152 W (54)

The MOSFET junction temperature can be found by substituting /5 #£3{ 53 and /52 54 into /5 £z 36:

Ty = (Poonp + Psw) X 04a + Ta = (0.129 + 1.152) x 40 + 85 = 136°C (55)

8.2.2.5 Calculate Synchronous Rectifier Losses

The synchronous rectifier MOSFET has two loss components, conduction, and diode reverse recovery losses.
The conduction losses are due to Igys losses as well as body diode conduction losses during the dead time
associated with the anti-cross conduction delay.

The Igus current through the synchronous rectifier from /572 37:

The synchronous MOSFET conduction loss from J5f£3{ 33 is:
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Pconp = 7.44% x0.008x (1+0.007 x (150 — 25))= 0.83 W

(57)

The body diode conduction loss from /722 38 is:

Poc =2 X g X Vg X tpgay X fogw =2 X 8.0A x 0.8V x 100 ns x 300 kHz = 0.384 (58)
The body diode reverse recovery loss from 772 39 is:

Prr = 0.5 X Qrg X Vy X fgy = 0.5 X 30 nC x 24 V x 300 kHz = 0.108 W (59)
The total power dissipated in the synchronous rectifier MOSFET from J5 2z 40 is:

Psg = Par + Pconp + Ppg = 0.108 + 0.83 + 0.384 = 1.322 W (60)
The junction temperature of the synchronous rectifier at 85°C is:

T, = Pgg % Bp + Tp = (1.322) x 40 + 85 = 139°C 1)

In typical applications, paralleling the synchronous rectifier MOSFET with a Schottky rectifier increases the
overall converter efficiency by approximately 2% due to the lower power dissipation during the body diode
conduction and reverse recovery periods.

8.2.2.6 Calculate the Inductor Value

The inductor value is calculated from 5 £z 24.

L

_ (24-33V)x33V
=24V x32A x 300kHz _ >0 uH 62)

A 2.9-uyH Coev DXM1306-2R9 or 2.6-uH Panasonic ETQ-P6F2R9LFA can be used.
8.2.2.7 Set the Switching Frequency

The clock frequency is set with a resistor (Rt) from the RT pin to ground. The value of Rt can be found from Jj
e 1, with fSW in kHz.

’
R =( —17)k£2=170k£2 - use 169 kQ
T 6

fow X 17.82 x 10 (63)

8.2.2.8 Program the Ramp Generator Circuit

The PWM ramp is programmed through a resistor (Rgxgg) from the KFF pin to V. The ramp generator also
controls the input UVLO voltage. For an undervoltage level of 10 V, Rxgr can be calculated from J5#£5 2:

Rirr = (Vinminy —3:48 < (58.14 xRy +1340) = 72.8kQ . use71.5kQ
(64)
8.2.2.9 Calculate the Output Capacitance (Cp)

In this example the output capacitance is determined by the load response requirement of AV = 0.3 V for a 1-A
to 8-A step load. Cq can be calculated using /5 £\ 30:
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29u x ((8 A2 - (1 A)z)

Co = ((33)2_ (30)2) = 97 uF
' ' (65)
Using i #£3{ 25 calculate the ESR required to meet the output ripple requirements.
33mV =3.2A| ESR + L
8 x 97 uF x 300kHz
(66)
ESR=10.3mQ-4.3mQ =6.0mQ
(67)
For this design example two Panasonic SP EEFUEOJ1B1R capacitors, (6.3 V, 180 uF, 12 mQ) are used.
8.2.2.10 Calculate the Soft-Start Capacitor (Css/sp)
This design requires a soft-start time (tstart) of 1 ms. Cgg/sp can be calculated using 5 23X 6:
2.35pA
C =———x1ms =3.36nF = 3300pF
$S/SD = 57y p (68)

8.2.2.11 Calculate the Current Limit Resistor (R )

The current limit set point depends on tgtarT, Vo,Co and I oap at start-up as shown in /723 7. For this design,

360uFx3.3V g oA -9.2A

I >
ILIM 1ms (69)

For this design, add I (9.2 A) to one-half the ripple current (1.6 A) and increase this value by 30% to allow for
tolerances. This yields a overcurrent setpoint (Ioc) of 14 A. Rpgon) is increased 30% (1.3 x 0.008) to allow for
MOSFET heating. Using /5 #£3{ 8 to calculate Ry .

_ -3
14x0.0104-0.020 42.86x10° 0o\ o 1o o
1.12x8.5x107° 8.5x1078 (70)

Rium =

8.2.2.12 Calculate Loop Compensation Values

Calculate the DC modulator gain (Ayop) from 7723 12:

10
Avop = 5 = 5.0 AMOD(dB) =20 X log (5) = 14 dB (71)

Calculate the output filter L-Cq poles and Cq ESR zeros from /52 13 and /7 £\ 14:

1 1
flg = = = 4.93kHz
2n \/L x Co  2m,/2.9 uH x 360 uF (72)
and
_ 1 _ 1 -
fz= 21 X ESR x Cy  2n x 0.006 x 360 uF 737 ki (73)

Select the close-loop 0 dB crossover frequency, fc. For this example fg = 20 kHz.

Select the double zero location for the Type Ill compensation network at the output filter double pole at 4.93 kHz.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 25
Product Folder Links: TPS40054 TPS40055 TPS40057


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps40054?qgpn=tps40054
https://www.ti.com.cn/product/cn/tps40055?qgpn=tps40055
https://www.ti.com.cn/product/cn/tps40057?qgpn=tps40057
https://www.ti.com.cn/cn/lit/pdf/ZHCSAK8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSAK8J&partnum=TPS40054
https://www.ti.com.cn/product/cn/tps40054?qgpn=tps40054
https://www.ti.com.cn/product/cn/tps40055?qgpn=tps40055
https://www.ti.com.cn/product/cn/tps40057?qgpn=tps40057

13 TEXAS
TPS40054, TPS40055, TPS40057 INSTRUMENTS
ZHCSAK8J - DECEMBER 2003 - REVISED JUNE 2022 www.ti.com.cn

Select the double pole location for the Type Il compensation network at the output capacitor ESR zero at 73.7
kHz.

The amplifier gain at the crossover frequency of 20 kHz is determined by the reciprocal of the modulator gain
AMOD at the crossover frequency from 752\ 22:

2

f 4.93 kHz\’
A =A x(LC) =5><(-7>=o.304
MOD(f MOD
(0 fo 20 kHz 7
And also from J5 23 22:
1 1
G = = = 3.29
Avopy  0-304 75
Choose R1 = 100 kQ
The poles and zeros for a type Ill network are described in 77 #£5{ 17 through 77 f£x( 21.
= —1 . — 1 —
2= orxRixC3 ~ © = 2xx 100kQ x 493 kHz ~ 225 PF, choose 330 pF (76)
_ 1 . _ 1 _
2= 50 x R3Ix 03 ~ ° = 27 x 330 pF x 73.3kHz _ 020 K% choose 6.49 ka2 77
_ 1 . _ 1 _
e = orxRixCaxG " %%~ 2y x 100kQ x 3.29 x 20 kHz ~ 2+2 PF, choose 22 pF (78)
= —1 * = 1 =
o1 = s xRz xC2 P2 = 2w 22 pF X 735 kHz = 982K, choose 976 ko 9
—_ —1 . — 1 —
21 = orxmexci ~ ' T oax97.6kQ x 493 kHz ~ oo P, choose 330 pF (80)
Calculate the value of Rgjag from 7523 15 with R1 = 100 kQ.
_ 0.7V xR1 _ 0.7V x 100kQ _
Reias = Vo — 07V~ 33V-07V 26.9 kQ2, choose 26.7 k<2 &1

8.2.2.13 Calculate the Boost and BP10V Bypass Capacitance

The size of the bypass capacitor depends on the total gate charge of the MOSFET being used and the amount
of droop allowed on the bypass capacitor. The BOOST capacitance for the Si7860DP, allowing for a 0.5 voltage
droop on the BOOST pin from J7f£ = 31 is:

Qg _18nC
CeoosT = 2y = 05v ~ 26NF (82)

and the BP10V capacitance from J5#£5{ 32 is

c _Qgns * Qgsr _ 2% Qg _ 36nC _ 4y r
BP(10V) AV AV 0.5V (83)

For this application, a 0.1-yF capacitor is used for the BOOST bypass capacitor and a 1-pyF capacitor is used for
the BP10V bypass.
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8.2.3 Application Curves

The TPS40055EVM-001 application curves are shown in 4| 8-3 to 4| 8-7 for reference.

o

W

XY

f — Frequency - kHz
] 8-5. Overall Gain and Phase vs Frequency

94 7
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~ N
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90 / \\
/ ~ .
2 =
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9 |
G 86 a
o ]
: 23
TRV S
1
/ 3 2 yd
82 E /
1 /_,.—/
80 [/ -
78 0
2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
louT - Output Current — A louT - Output Current - A
K] 8-3. Efficiency vs Load K 8-4. Power Dissipation vs Load
0 TTTTTT 160 o
Phase ]
0 ~\ & 140 louT=15A
N\
0 120
SN .<// )(“ Gain o
0 >l AN i 100 G e
|~ \Y‘/ § » M o M."-M » ?"M 4
o = N TE M e ™ NN
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Nt \ \\
no \\ 40
N
N
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B30 0 t — Time - 1 ys/div
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louT 5 Aldiv

t — Time - 200 ps/div
& 8-7. Transient Response
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9 Power Supply Recommendations

These devices are designed to operate from an input voltage supply between 8 VV and 40 V. This supply must be
well regulated. Proper bypassing of input supplies and internal regulators is critical for noise performance, as is

PCB layout and grounding scheme. See the recommendations in 7 10.
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10 Layout

10.1 Layout Guidelines

The TPS4005x provides separate signal ground (SGND) and power ground (PGND) pins. It is important that
circuit grounds are properly separated. 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 (BP10), and the input capacitor must be connected to PGND plane at the input capacitor.

Sensitive nodes such as the FB resistor divider, Ry, and ILIM must be connected to the SGND plane. The SGND
plane must only make a single point connection to the PGND plane.

Component placement should ensure that bypass capacitors (BP10 and BP5) 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 HDRYV, LDRV, BOOST, and the switch node (SW).

10.2 Layout Example
The TPS40055EVM-001 layout is shown in [&] 10-1 to & 10-5 for reference.

P2 J1 TP1
L1
C14
D1 P4
Q1
Cl | R4 || R9
RZ | R6 | C7 | [ c8 | ™ ™7 c15
Cc2 1 R11 Ci12 (*‘
S C13
R1 U1 R10O = Cc16
C3 Q2 P8
— +
R3Cc4| [Co| c17 ol o
L8] cé [ToRNTe) 5
R7 €O TP5 |>| N AR
R12 D2
ci
J2
TP6
TP3
P10 | | | P9
10-1. Top-Side Component Assembly
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& 10-2. Top-Side Copper

& 10-3. Internal Layer 1 Copper
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00
oo

[-X-X-}

& 10-4. Internal Layer 2 Copper

Kl 10-5. Bottom Layer Copper

10.3 MOSFET Packaging

MOSFET package selection depends on MOSFET power dissipation and the projected operating conditions. In
general, for a surface-mount applications, the DPAK style package provides the lowest thermal impedance ( 9 jp)
and, therefore, the highest power dissipation capability. However, the effectiveness of the DPAK depends on
proper layout and thermal management. The 0 j5 specified in the MOSFET data sheet refers to a given copper
area and thickness. In most cases, a lowest thermal impedance of 40°C/W requires one square inch of 2-ounce
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copper on a G-10/FR-4 board. Lower thermal impedances can be achieved at the expense of board area.
Please refer to the selected MOSFET's data sheet for more information regarding proper mounting.
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11 Device and Documentation Support
11.1 Device Support

The following devices have characteristics similar to the TPS40054/5/7 and may be of interest.

% 11-1. Related Devices

DEVICE DESCRIPTION
TPS40055-EP Enhanced performance TPS40055.
TPS40192
4.5-V to 18-V controller with synchronization power good
TPS40193
TPS40200 Wide-input non-synchronous DC-DC controller

MAA BT M5t E N

T RATH S 5 =07 77 i B SS A RHIME R, AR S 287 it BI85 B ORAE B & AR OGN AT, ASBERY itk
7 i U 55 BB S AT AT T P S BI85 — i R BN AT

11.2 Documentation Support

11.2.1 Related Documentation

* Balogh, Laszlo, Design and Application Guide for High Speed MOSFET Gate Drive Circuits, Texas

Instruments/Unitrode Corporation, Power Supply Design Seminar, SEM-1400 Topic 2.
* Texas Instruments, PowerPAD Thermally Enhanced Package application note
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11.5 Trademarks

PowerPAD™ and TI E2E™ are trademarks of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.
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12 Mechanical, Packaging, and Orderable Information

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

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ®)
TPS40054PWP NRND Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40054
TPS40054PWPR NRND Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40054
TPS40055PWP Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40055
TPS40055PWPR Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40055
TPS40055PWPRG4 Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40055
TPS40057PWP Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40057
TPS40057PWPR Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40057
TPS40057PWPRG4 Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40057

@ 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.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TPS40055 :
¢ Enhanced Product : TPS40055-EP

NOTE: Qualified Version Definitions:

o Enhanced Product - Supports Defense, Aerospace and Medical Applications

Addendum-Page 2


http://focus.ti.com/docs/prod/folders/print/tps40055-ep.html

PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Dec-2023
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)
TPS40054PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TPS40055PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TPS40057PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TPS40054PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
TPS40055PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
TPS40057PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS40054PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40054PWPG4 PWP HTSSOP 16 90 530 10.2 3600 3.5
TPS40055PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40055PWPG4 PWP HTSSOP 16 90 530 10.2 3600 35
TPS40057PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40057PWPG4 PWP HTSSOP 16 90 530 10.2 3600 3.5
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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.

4073225-3/J
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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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