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4 Pin Configuration and Functions

I I I I I I
I S S S N N
I
| o
VIN Wﬁﬁﬁﬁsﬁﬁﬁﬁj | 7 |soor
i 6 sw
,,,,,,,,,,,,,,,,,,,,, }
PGND 9 |
,,,,,,,,,,,,,,,,,,,,, I
— A
MoDE| 10 | 5 |ss
P12 131 (4]
z ‘ m [a) ‘ (O]
w L z o
(O]
<

B 4-1. RPA Package, 10-Pin VQFN-HR (Top View)

# 4-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NAME NO.
EN 1 | Enable input control. Driving EN high or leaving this pin floating enables the converter. A resistor
divider between this pin, VIN and AGND can be used to implement an external UVLO.
FB 2 | Output feedback. Connect FB to the output voltage with a feedback resistor divider.
AGND 3 G Ground of internal analog circuitry. Connect AGND to PGND plane at a single point.
PG 4 o Open drain power-good indicator, this pin is asserted low if output voltage is out of PG threshold due to
overvoltage, undervoltage, thermal shutdown, EN shutdown, or during soft start.
Soft-start time selection pin. Connecting an external capacitor to AGND to set the soft-start time and if
SS 5 (6] o T
no external capacitor is connected, the soft-start time is 1.8ms by default.
SW 6 (0] Switching node terminal. Connect the output inductor to this pin with wide and short tracks.
BOOT 7 | Supply input for the gate drive voltage of the high-side MOSFET. Connect a 0.1uF bootstrap capacitor
between BOOT and SW.
VIN 8 p Input voltage supply pin. Drain terminal of high-side MOSFET. Connect the input decoupling capacitors
between VIN and PGND.
PGND 9 G Power GND terminal. Source terminal of low-side MOSFET.
MODE 10 | Connect this pin with a 52.3K resistor to AGND.
(1) 1 =Input, P = Power, G = Ground, O = Output.
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5 Specifications
5.1 Absolute Maximum Ratings

Over the recommended operating junction temperature range of —40°C to +150°C (unless otherwise noted)(")

MIN MAX UNIT
Vin -0.3 32 \Y
BOOT -0.3 SW +6 \
Input voltage BOOT-SW -0.3 6 %
EN, FB, MODE -0.3 6 \%
PGND, AGND -0.3 0.3 \Y
SwW -2 32 \Y
Output voltage SW (<10ns transient) -5 35 \Y
PG, SS -0.3 6 \Y
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings

VALUE UNIT
Veso E'Iectrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 v
discharge Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) 1500
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
Over the recommended operating junction temperature range of —40°C to 150°C (unless otherwise noted).(")
MIN NOM MAX UNIT
Vin 45 28 \
BOOT -0.1 SW+55
Input voltage BOOT-SW -0.1 55 \Y
EN, FB, SS, MODE -0.1 55 \Y
PGND, AGND -0.1 0.1 \Y
Output voltage SW - 28 v
PG -0.1 55 \
Operating junction temperature, T, —40 150 °C
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5.4 Thermal Information

TPS56A37
THERMAL METRIC(") QFN HotRod UNIT
10 PINS
Roua Junction-to-ambient thermal resistance (JEDEC)@) 68.1 °C/W
Effective junction-to-ambient thermal resistance (4-layer o
Eff Rgya e (4-lay 30 cw
ReJcitop) Junction-to-case (top) thermal resistance 40.4 °C/W
Reus Junction-to-board thermal resistance 17.6 °C/W
Wyr Junction-to-top characterization parameter 1.4 °C/W
Y Junction-to-board characterization parameter 17.2 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
(2) This junction-to-ambient thermal resistance (JEDEC) is based on JEDEC standard EVM without GND thermal vias.

5.5 Electrical Characteristics

The electrical ratings specified in this section apply to all specifications in this document unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the parametric or functional specifications of the device for
the life of the product containing it. Typical values correspond to T; = 25°C, V|y = 24V. Minimum and maximum limits are
based on T; = —40°C to +150°C, V|y = 4.5V to 28V (unless otherwise noted).

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY CURRENT
| Quiescent current, | Ty=25°C, Vgy =5V, 45 A
Q Operating (1) Vgg = 0.65V, non-switching H
Shutdown supply _ ogo -
ISHDNN current T,=25°C, Vgn = OV 3 WA
uvLo
Wake up V) voltage 4.0 4.2 4.4 \%
UVLO Vin undervoltage gy iown vy voltage 35 3.65 3.8 v
lockout
Hysteresis V|\ voltage 550 mV
ENABLE(EN PIN)
IEN_PULLUP EN pU”Up current VEN =1.1V 1 |JA
IEN_HYS Hysteresis current VEN =1.3V 3 [JA
VEN ON EN rising 1.18 1.26 \Y
= Enable threshold
VEN_OFF EN faIIing 1 1.07 \%
FEEDBACK VOLTAGE
\=/02U5T°; 5V, continuous mode operation, T 0594 06 0.606 v
Veg Feedback voltage v v 0 5 on T
out = 5V, continuous mode operation, T
= _40°C to 150°C 0.591 0.6 0.609 \%
MOSFET
High-side MOSFET o
Rdson_HS on?resistance TJ =25 C, VBST - VSW =5V 19.4 mQ
Low-side MOSFET _ npo
Rason_Ls on-resistance Ty=25C 8.5 mQ
CURRENT LIMIT
Low-side MOSFET
ls_oct valley current limit 10 12 138 A
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5.5 Electrical Characteristics (¥tX)

The electrical ratings specified in this section apply to all specifications in this document unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the parametric or functional specifications of the device for
the life of the product containing it. Typical values correspond to T; = 25°C, V|5 = 24V. Minimum and maximum limits are
based on T; = —40°C to +150°C, V|y = 4.5V to 28V (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
High-side MOSFET
Ins_oct peak current limit 1275 15 17.25 A
Low-side MOSFET
InocL negative current limit 25 A
DUTY CYCLE and FREQUENCY CONTROL
Fsw Switching frequency |V|y = 24V, Voyrt = 5V, continuous mode 500 kHz
operation
tonminy Minimum on time(® 50 ns
tOFF(MIN) Minimum off time(® T,=25°C 150 ns
SOFT START
tss Internal soft-start 18 ms
time ’
Iss Soft-start charging 6 uA
current
POWER GOOD
PQ lower threshold - % of Veg 85%
falling
PG lower threshold - % of Veg 90%
v rising
PGTH
PQ upper threshold - % of Veg 110%
falling
PG upper threshold - % of Veg 115%
rising
IPGSINK PG sink current Veg = 0.5V, VpG =04V 10 mA
PG from low-to-high 64 us
th DLY PG delay ;
- PG from high-to-low 32 us
Output OVP o
Vovp threshold OVP detect 125%
OVP propagation — opo
tOVP_DEG deglitch T,=25°C 32 us
Output UVP . o
Vuyve threshold Hiccup detect 65%
UV protection hiccup
tuve_warr wait time 256 us
UV protection hiccup
tuve_Hiccup time before recovery 105 xtss s
THERMAL SHUTDOWN
Temperature Rising 150 165 °C
Thermal shutdown threshold(®)
Hysteresis 30 °C
SW DISCHARGE RESISTANCE
Vour discharge resistance Ven =0, Vg = 0.5V, Ty =25°C 200 Q

(1)  Not representative of the total input current of the system when in regulation. Specified by design and characterization test.
(2) Not production tested. Specified by design.
(3) Not production tested. Specified by design and engineering sample correlation.
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5.6 Typical Characteristics

VN = 24V (unless otherwise noted).
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5.6 Typical Characteristics (continued)

V|n = 24V (unless otherwise noted).
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5.6 Typical Characteristics (continued)

V|n = 24V (unless otherwise noted).
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6 Detailed Description
6.1 Overview

The TPS56A37 is an 10A synchronous buck converter operating from 4.5V to 28V input voltage (Vin). The
device output voltage ranges from 0.6V to 13V (Vout) and supports 10A continuous output current with fixed
500kHz switching frequency. The proprietary D-CAP3 control mode enables low external component count, ease
of design, optimization of the power design for power, size and efficiency. The device employs D-CAP3 control
mode that provides fast transient response with no external compensation components and an accurate
feedback voltage. The control topology provides seamless transition between CCM operating mode at higher
load condition and DCM operation at lighter load condition. Eco-mode allows the TPS56A37 to maintain high
efficiency at light load. The TPS56A37 is able to adapt both low equivalent series resistance (ESR) output
capacitors such as POSCAP or SP-CAP, and ultra-low ESR ceramic capacitors.

The EN pin has an internal pullup current that can be used to adjust the input voltage undervoltage lockout
(UVLO) with two external resistors. In addition, the EN pin can be floating for the device to operate with the
internal pullup current. Soft-start time can be set by connecting a capacitor to the SS pin. Leaving the SS pin
floating is set to default 1.8ms soft-start time. The TPS56A37 has the PG pin to indicate output status and has a
built-in discharge function by using an integrated MOSFET with 200Q Rps(on). The device is protected from
output short, undervoltage, overvoltage, and overtemperature conditions.

6.2 Functional Block Diagram

PG rising threshold
PG
B PG J
UV threshold—| T, uv Logic ﬂ
+ﬂ oV PG falling threshold
OV threshold —] @7—[] VIN
0.6V uVLO — VREGS
Y v £ 4.2V
> 13.65V
ol |
Sw Ripple Injection
| ss Control Logic [] BOOT
ss
ss © * On and Off time
E o Min On and Off time ::
« Eco-mode [
e 4
IGND One Shot * Soft-start
= « Power Good
. TSD o Large Duty [ sw
165°C/ b «OCL for HSD and LSD N L]
30°C « UVP and OVP
«TSD VREG5
« Output discharge [
[
lh J —
+——| |PGND
N[ + =
Enable 7E > OC: — i
Threshold _
Fixed Switching - +
MODE[ Frequency Setting "{
<
NocL
g - -
e [ Jaenp
!
o8
Discharge Control =
10 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS56A37
English Data Sheet: SLVSHC9


https://www.ti.com/product/ja-jp/tps56a37?qgpn=tps56a37
https://www.ti.com/ja-jp/lit/pdf/JAJSQB9
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQB9&partnum=TPS56A37
https://www.ti.com/product/ja-jp/tps56a37?qgpn=tps56a37
https://www.ti.com/lit/pdf/SLVSHC9

I3 TEXAS
INSTRUMENTS TPS56A37
www.ti.com/ja-jp JAJSQBY — JANUARY 2024

6.3 Feature Description
6.3.1 The Adaptive On-Time Control and PWM Operation

The main control loop of the TPS56A37 is an adaptive on-time pulse width modulation (PWM) controller that
supports a proprietary D-CAP3 control mode. The D-CAP3 control mode combines adaptive on-time control with
an internal compensation circuit for quasi-fixed frequency and low external component count configuration with
both low-ESR and ceramic output capacitors. The D-CAP3 control mode is stable even with virtually no ripple at
the output. The TPS56A37 also includes an error amplifier that makes the output voltage very accurate. No
external current sense network or loop compensation is required for D-CAP3 control mode topology.

At the beginning of each cycle, the high-side MOSFET is turned on. This MOSFET is turned off after an internal
one-shot timer expires. This one-shot duration is set proportional to the output voltage Vgyr, and is inversely
proportional to the converter input voltage V,y, to maintain a pseudo-fixed frequency over the input voltage
range, hence called adaptive on-time control. When the feedback voltage falls below the reference voltage, the
one-shot timer is reset and the high-side MOSFET is turned on again. An internal ripple generation circuit is
added to reference voltage for emulating the output ripple, and this enables the use of very low-ESR output
capacitors such as multi-layered ceramic caps (MLCC).

6.3.2 Power Up Sequence

6-1 shows the typical start-up sequence of the device after the enable signal triggers the EN turn-on
threshold. After the voltage of internal VCC crosses the UVLO rising threshold, the MODE setting is read. After
this process, the MODE is latched and does not change until VIN or EN toggles to restart-up this device. Then
after a delay, the internal soft-start function begins to ramp up and Vout ramps up smoothly. When Vout is up to
the reference voltage, PGOOD turns to high after a delay.

The MODE pin of TPS56A37 is the internal fixed switching frequency setting pin which Tl recommends to
connect a 1% 52.3k resistor to AGND.

EN Threshold |
1.18V -
EN 3 |
VCC l.:JVLOl
42v /S
Internal ‘
vee 3 )
MODE |
Detection)
P [
MODE T T |
3 3 3 ‘ P ‘ Internal VCC
140us! (64ps| | Tss Vsssza%ong\f}‘v §S-end
| (40100us Vss = 600mV
Ss — T vss=40mv || | |
Vout 3 3 3 L NIV
| | | Pl T=Tss |} |64u
| | | B Pl T=043XTss
PGOOD ‘ ‘ ‘ — —_

>

6-1. Power-Up Sequence

6.3.3 Eco-mode Control Scheme

TPS56A37 is set to Eco-mode control scheme to maintain high light load efficiency. As the output current
decreases from heavy load condition, the inductor current is also reduced and eventually comes to a point that
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the rippled valley touches zero level, which is the boundary between continuous conduction and discontinuous
conduction modes. The rectifying MOSFET is turned off when the zero inductor current is detected. As the load
current further decreases, the converter runs into discontinuous conduction mode. The on-time is kept almost
the same as in the continuous conduction mode so that longer time is needed to discharge the output capacitor
with smaller load current to the level of the reference voltage. This process makes the switching frequency lower,
proportional to the load current, and keeps the light load efficiency high. =\ 1 calculates the transition point to the
light load operation loyT(LL) current.

I _ (Vin — VouT) X VouT )
OUT(LL) = ZX L x Fsw VIN

6.3.4 Soft Start and Prebiased Soft Start

The TPS56A37 has an adjustable soft-start time that can be set by connecting a capacitor between SS and
AGND. Leaving the SS pin floating is set to default internal soft start time 1.8ms. When the EN pin becomes
high, the soft-start charge current (Isg) begins charging the external capacitor (Csg) connected between SS and
AGND. The device tracks the lower of the internal soft-start voltage or the external soft-start voltage as the
reference. The equation for the soft-start time (Tgg) is shown in =X 2.

C \
_ Yss X VREF @)

TSS ISS

If the external capacitor (Cgg) has pre-stored voltage at start-up, the device initially discharge the external
capacitor voltage to lower voltage then charge again to prevent inrush start-up.

If the output capacitor is prebiased at start-up, the device initiates switching and starts ramping up only after the
internal reference voltage becomes greater than the feedback voltage Vgg. This scheme makes sure that the
converters ramp up smoothly into regulation point.

6.3.5 Enable and Adjusting Undervoltage Lockout

The EN pin provides electrical on and off control of the device. When the EN pin voltage exceeds the threshold
voltage, the device begins operating. If the EN pin voltage is pulled below the threshold voltage, the regulator
stops switching and enters the standby operation.

The EN pin has an internal pullup current source which allows the user to float the EN pin to enable the device. If
an application requires control of the EN pin, open-drain or open-collector output logic can be used to interface
with the pin.

The TPS56A37 implements internal undervoltage lockout (UVLO) circuitry on the Vg pin. The device is disabled
when the VIN pin voltage falls below the internal V|y UVLO threshold. The internal V,y UVLO threshold has a
hysteresis of 500mV.

If an application requires a higher UVLO threshold on the VIN pin, then the EN pin can be configured as shown
in [X| 6-2. When using the external UVLO function, Tl recommends setting the hysteresis at a value greater than
500mV.

The EN pin has a small pullup current, |,, which sets the default state of the pin to enable when no external
components are connected. The pullup current is also used to control the voltage hysteresis for the UVLO
function because the pullup current increases by I, when the EN pin crosses the enable threshold. Use =\ 3 and
3 4 to calculate the values of R1 and R2 for a specified UVLO threshold. After R1, R2 settle down, the Vgy
voltage can be calculated by =\ 5, which must be lower than 5.5V with maximum Vgy.
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VIN Device

EN
R2

B 6-2. Adjustable VIN Undervoltage Lockout

VENfallin
VSTART X Wisingg — Vstop
Ry = 3
1 VENfalling ®
lp X|1-— Vinoo
ENrising
_ R1 X VENfalling
Ry = 4)
VSTOP — VENfalling + R1 X (Ip + In)
R2XV]N+R1XR2X(IP+Ih)
VEN = R{ TRy ©
Where
+ lp=1uA
. Ih = 3”A

* VeNfaling = 1.07V
* VEnrising = 1.18V

6.3.6 Output Overcurrent Limit and Undervoltage Protection

The output overcurrent protection (OCP) is implemented using a cycle-by-cycle low-side MOSFET valley current
detection and high-side MOSFET peak current detection. The switching current is monitored by measuring the
MOSFET drain to source voltage. This voltage is proportional to the switching current. To improve accuracy, the
voltage sensing is temperature compensated.

There are some important considerations for this type of overcurrent limit. When the load current is higher than
the I s ocL added by one half of the peak-to-peak inductor ripple current, or higher than lys ocL subtracted by
one half of the peak-to-peak inductor ripple current, the OCP is triggered and the current is being limited. Output
voltage tends to drop because the load demand is higher than what the converter can support. When the output
voltage falls below 65% of the target voltage, the UVP comparator detects the fall and shuts down the device
after a deglitch wait time of 256us and then re-start after the hiccup time of 10.5 cycles of soft-start time. When
the overcurrent condition is removed, the output recovers.

6.3.7 Overvoltage Protection

The TPS56A37 has the overvoltage protection feature. When the output voltage becomes higher than 125% of
the target voltage, the OVP is triggered. The output discharges after a deglitch time of 32us and both the high-
side MOSFET driver and the low-side MOSFET driver turn off. When the overvoltage condition is removed, the
output voltage recovers.

6.3.8 UVLO Protection

Undervoltage Lockout protection(UVLO) monitors the internal regulator voltage. When the voltage is lower than
UVLO threshold voltage, the device is shut down. This protection is non-latched.
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6.3.9 Thermal Shutdown

The junction temperature (T,) of the device is monitored by an internal temperature sensor. If T; exceeds 165°C
(typical), the device goes into thermal shutdown. Both the high-side and low-side power FETs are turned off and
the discharge path is turned on. When T decreases below the hysteresis amount, the converter resumes normal
operation, beginning with soft start. To avoid unstable conditions, a hysteresis of typically 30°C is implemented
on the thermal shutdown temperature.

6.3.10 Output Voltage Discharge

The TPS56A37 has a built in discharge function by using an integrated MOSFET with 200Q Rps(on), which is
connected to the output terminal SW. The discharge is slow due to the lower current capability of the MOSFET.
The discharge path turns on when the device is turned off due to UV, OV, OT, and EN shutdown conditions.

6.3.11 Power Good

The TPS56A37 has a built in power-good (PG) function to indicate whether the output voltage has reached the
appropriate level or not. The PG signal can be used for start-up sequencing of multiple rails. The PG pin is an
open-drain output that requires a pullup resistor (to any voltage below 5.5V). Tl recommends a pullup resistor of
100kQ to pull up to 5V voltage. It can sink 10mA of current and maintain the specified logic low level. After the
FB pin voltage is between 90% and 110% of the internal reference voltage (Vrer) and after a deglitch time of
64us, the PG turns to high impedance status. The PG pin is pulled low after a deglitch time of 32us when FB pin
voltage is lower than 85% of the internal reference voltage or greater than 115% of the internal reference
voltage, or in events of EN shutdown, UVLO conditions, and thermal shutdown. V| must remain present for the

PG pin to stay low as shown in 3% 6-1.
£ 6-1. Power-Good Pin Logic Table

. PG Logic Status
Device State
High Impedance Low
90% * VRer =< Vg <= 110% x V| v

Enable (EN=High) C_REFTTFB o TREF

Veg < 85% % VRer Or Vg > 115% % VRer \
Shutdown (EN=Low) \
UvLO 2V <Vin <Vuvio v
Thermal shutdown T,>Tsp N
Power supply removal ViN <2V ~

6.3.12 Large Duty Operation

The TPS56A37 can support large duty operations by smoothly dropping down the switching frequency. The
switching frequency is allowed to smoothly drop when duty cycle is higher than 62% to make Ty extended to
implement the large duty operation and also improve the performance of the load transient. The TPS56A37 can
support up to 98% duty cycle operation.

6.4 Device Functional Modes

6.4.1 Standby Operation

The TPS56A37 can be placed in standby mode by pulling the EN pin low. The device operates with a shutdown
current of 3uA (typical) when in standby condition.

6.4.2 Light Load Operation

TPS56A37 is set to Eco-mode control scheme. The device enters pulse skip mode after the valley of the inductor
ripple current crosses zero. The Eco-mode control scheme maintains higher efficiency at light load with a lower
switching frequency.
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7 Application and Implementation

b2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

The schematic of [X| 7-1 shows a typical application for TPS56A37. This design converts an input voltage range
of 5.5V to 28V down to 5V with a maximum output current of 10A.

7.2 Typical Application

The application schematic in [X] 7-1 shows the TPS58637 5.5V to 28V input, 5V output converter design meeting
the requirements for 10A output. This circuit is available as the evaluation module (EVM). The following sections

provide the design procedure.
Ul

VIN s

VOouT

VIN BOOT J2

DNP | DNP DNP 2
c5 C6 c7 cs8 c9 1

RS
49.9 220F 22u|=1 22u|:l 22uF | 22uF

EN
SW

. a

ss EB R6 PgND

73.2k
PGND

MODE AGND 2

36.1k R3 TPS56A37RPAR
523k
AGND — AGND
AGND PGND

K 7-1. TPS56A37 5V, 10A Reference Design

7.2.1 Design Requirements

% 7-1 shows the design parameters for this application.
# 7-1. Design Parameters

PARAMETER EXAMPLE VALUE
Input voltage range 24V nominal, 5.5V to 28V
Output voltage 5V

Transient response, 10A load step

AVoyt = 5%

Output ripple voltage

<50mV at CCM

Output current rating

10A

Operating frequency

500kHz
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7.2.2 Detailed Design Procedure
7.2.2.1 Output Voltage Resistors Selection

The output voltage is set with a resistor divider from the output node to the VFB pin. Tl recommends to use 1%

tolerance or better divider resistors. Start by using ={ 6 to calculate VOUT R5 is optional and can be used to
measure the control loop frequency response.

To improve efficiency at very light loads, consider using larger value resistors. If the resistance is too high, the
device is more susceptible to noise and voltage errors from the VFB input current is more noticeable. Please
note that Tl does not recommend dynamically adjusting output voltage.

Vour = 0.6 x (1+ 1) (6)
7.2.2.2 Output Filter Selection
The LC filter used as the output filter has double pole at:

_ 1
o = 2 yLout % Cout

()

At low frequencies, the overall loop gain is set by the output set-point resistor divider network and the internal
gain of the device. The low frequency phase is 180 degrees. At the output filter pole frequency, the gain rolls off
at a —40dB per decade rate and the phase drops rapidly. D-CAP3 control mode introduces a high frequency zero
that reduces the gain roll off to —20dB per decade and increases the phase to 90 degrees one decade above the
zero frequency. The inductor and capacitor for the output filter must be selected so that the double pole of = 7 is
located below the high frequency zero but close enough that the phase boost provided be the high frequency
zero provides adequate phase margin for a stable circuit. To meet this requirement, use the values
recommended in # 7-2.

# 7-2. Recommended Component Values

Switching Cout @
Frequency |, OutPut ol A C10 “)(pF)
(KHz) Voltage") (V) | (kQ) | (kQ) | (MH) | Minimum | Typical | Maximum
1.05 7.5 10 1 22uF x 1 | 22uF x 3 | 22uF % 10
1.8 20 10 15 22uF x 1 | 22uF x 3 | 22uF % 10
100-200
3.3 45.3 10 2.2 22uF x 1 | 22uF x 3 | 22uF % 10 (150
typical)
100-200
500 5 73.2 10 | 3.3 | 22uF x1 | 22uF x 2 | 22uF x 10 (150
typical)
50-150
9 140 10 4.7 22uF x 1 | 22uF x 2 | 22uF x 10 (100
typical)
30-100 (30
12 383 20 5.6 22uF x 1 | 22uF x 2 | 22uF x 10 . (
typical)

(1) Please use the recommended L1 and Coyt combination of the higher and closest output rail for
unlisted output rails.

(2) R6=0Q for Voyt =0.6V.

(3) Cour in this data sheet is using Murata GRM32ER71E226KE15L 25VDC capacitor. Recommend to
use the same effective output capacitance. The effective capacitance is defined as the actual
capacitance under DC bias and temperature, not the rated or nameplate values. All high value
ceramic capacitors have a large voltage coefficient in addition to normal tolerances and
temperature effects. A careful study of bias and temperature variation of any capacitor bank must
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be made to make sure that the minimum value of effective capacitance is provided. Refer to the
information of DC bias and temperature characteristics from manufacturers of ceramic capacitors.
Higher than Cout_max capacitance is allowed by careful tuning the feedforward compensation.

(4) R8and C10 can be used to improve the load transient response or improve the loop-phase margin.
The Optimizing Transient Response of Internally Compensated DCDC Converters with Feed-
forward Capacitor application report is helpful when experimenting with a feed-forward capacitor.

The inductor peak-to-peak ripple current, peak current and RMS current are calculated using = 8, =X 9, and =X
10. The inductor saturation current rating must be greater than the calculated peak current and the RMS or
heating current rating must be greater than the calculated RMS current.

Use 500kHz for fgyy. Make sure the chosen inductor is rated for the peak current of = 9 and the RMS current of
= 10.

1 _ _Vour VIN(MAX) — VouT @
P=P " VIN(MAX) Loyt X Fsw
1, _
llpgak =Io + pz L (9)
2, 1 2
ILo(RMS) =\/lo + 1z xlp—p (10)

For this design example, the calculated peak current is 11.25A and the calculated RMS current is 10.03A. The
inductor used is Wurth 744325330 with saturation current 15A and rating current 9.7A.

The capacitor value and ESR determines the amount of output voltage ripple. The TPS56A37 is intended for use
with ceramic or other low ESR capacitors. Use 7\ 11 to determine the required RMS current rating for the output
capacitor.

. _ _Vour * (Vin — Vour) (1)
CO(RMS) V12 x VIN X Loyt X Fsw

For this design, two MuRata GRM32ER71E226KE15L 22uF output capacitors are used so that the effective
capacitance is 35uF at DC biased voltage of 5V. The calculated RMS current is 0.69A and each output capacitor
is rated for 5A.

7.2.2.3 Input Capacitor Selection

The TPS56A37 requires an input decoupling capacitor and a bulk capacitor is needed depending on the
application. Tl recommends a ceramic capacitor over 10uF for the decoupling capacitor. TI recommends an
additional 0.1yF capacitor (C3) from VIN to PGND pin to provide additional high frequency filtering. The
capacitor voltage rating must be greater than the maximum input voltage. The input voltage ripple can be
calculated using = 12.

_ loytmax % 0.25
AViy = CiN X Fsw (12)

The capacitor must also have a ripple current rating greater than the maximum input current ripple of the
application. The input ripple current is calculated by =X 13:

_ Vour VIN(MIN) — VouT
Icin(rMS) = louT X \/VIN(MIN) VIN(MIN) (13)

7.2.2.4 Bootstrap Capacitor Selection

A 0.1uyF ceramic capacitor (C4) must be connected between the BOOT to SW pin for proper operation. Tl
recommends to use a ceramic capacitor with X5R or better grade dielectric. The capacitor must have a 10V or
higher voltage rating.
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7.2.3 Application Curves

100% ‘ 5
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5% = i [ ThA / 7 \ 4.996 — xm z 15&
009 A T TT11] L] — VIN =24V
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7-4. Line Regulation 7.5. Bode Plot
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Vout'= 50mV/div

Vout = 50mV/div
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IZI 7-8 Steady State Waveforms, IOUT 5A

Eq 7-9. Steady State Waveforms, Igyt = 10A
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- lout=5A/div : : d
@F . M .

40pus/div

| D

. \ . .
ot SA)diV B EE - R R +

40Pus/div

7-10. Transient Response 0A to 5A

B 7-11. Transient Response 0A to 10A

Vout:= 200mV/div

Vout=200mV/div

3 : : ‘ : ] lout = 5A/div. [ : P
lout = 5A/div 4 [ —————— :
40Dus/div 40Pus/div
Bq 7-12. Transient Response 1A to 9A BJ 7-13. Transient Response 5A to 10A
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[

PG = 5 V/div : : ]
2 msy/div : : ) : . 2mg/div

Vin = 20 V/div

Vin = 20 V/div
Vout =5 V/div

Vout =5 V/div

SW =20 V/div

PG =5 V/div -

Ed 7-14. Start-Up Relative to V|y 7-15. Shutdown Relative to Vg

EN = 5 V/div 4
s 15 y ' Y
I . T e | e o
s Vout = 5 V/div : . : : Vout =5 V/div
PR o T B . . . L N TR R T A I A ST

| Rl _\—
T 3 R

EN = 5 V/div

SW =20 V/div
PG =5 V/div PG =5 V/div . b . .
: . - . v ol
2 msfdiv ) ) : v ZO(}'us/div : v :
& 7-16. Enable Relative to EN B 7-17. Disable Relative to EN

7.3 Power Supply Recommendations

The TPS56A37 is designed to operate from input supply voltage in the range of 4.5V to 28V. Buck converters
require the input voltage to be higher than the output voltage for proper operation. Input supply current must be
appropriate for the desired output current. If the input voltage supply is located far from the TPS56A37 circuit, TI
recommends some additional input bulk capacitance.

7.4 Layout

7.4.1 Layout Guidelines

1. Use a four-layer PCB with maximum ground plane partitioning possible for good thermal performance. A
76mm x 76mm, four-layer PCB with 2-1-1-20z copper is used as example.

2. Make VIN and PGND traces as wide as possible to reduce trace impedance. The wide areas are also of
advantage from the view point of heat dissipation.

3. Put at least two vias for PGND pad for better thermal performance.

4. Place the input capacitor and output capacitor as close to the device as possible to minimize trace
impedance.

5. Provide sufficient vias for the input capacitor and output capacitor.

6. Keep the SW trace as physically short and wide as practical to minimize radiated emissions.

7. Do not allow switching current to flow under the device.

8. Keep the SS trace as far as possible to SW trace to minimize coupling during soft start.

9. Connect a separate VOUT path to the upper feedback resistor.

10. Keep the voltage feedback loop away from the high-voltage switching trace, and preferably has ground
shield.

11. Make the trace of the VFB node as small as possible to avoid noise coupling. Also keep feedback resistors
and the feedforward capacitor near the IC.

12. Make the PGND trace between the output capacitor and the PGND pin as wide as possible to minimize the
trace impedance.

13. Inner layer 1 is PGND and AGND with the single point net tie.
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14. Inner layer 2 is PGND for better heat dissipation.

7.4.2 Layout Example

Top Trace/Plane [N

AGND Plane

PGND Plane |

VIA to Signal Plane O

Top

Inner PGND and AGND Plane

Inner PGND Plane

VIA to PGND Planes .
Signal traces and PGND Plane

VIA to AGND Planes O

B 7-18. TPS56A37 layout

Trace on Signal Layer
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8 Device and Documentation Support
8.1 Documentation Support
8.1.1 Related Documentation

For related documentation, see the following:

Texas Instruments, Optimizing Transient Response of Internally Compensated DCDC Converters with Feed-
forward Capacitor application report

8.2 KFa iy b OEHBHMERITMSAE
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—IPLRGEN D EEGAZEN TEXAGI T, BEFEORIEERKE LD, A OEME LIV T52L T, i T
XA AZ LN TEET,
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8.4 Trademarks

D-CAP3™, HotRod™, and 7t A- A AL A E2E™ are trademarks of Texas Instruments.

TRCOPEZEL, ENENOIAEIFBELET,

8.5 BHESNEICHT 5 EEEIE

ZD IC 1%, ESD IZho THEH T A REMENRHVE S, TR AL AV LAV T, IC BB L ISl B A o2&

A BAHERL ST, ELOROEOBEORBFIAC DRV A, 7 A ALHET 5B LRI T,
A\ ESD ICEBMHEAIE, DT DR MR T DT A AD TSR £ CHIGI D0 E T, K72 IC DG, /$TA—ZHD T
LT BT TARSNTOBHAERN DAL TTHEME B B8 | BB RAE LT <o TVET,
8.6 A&
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9 Revision History
FERE SRR ORFIIUGFT 2R L TOET, LOUGTBIEITRGEMIZEL T ET,

DATE REVISION NOTES
January 2024 * Initial Release

10 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TPS56A37RPAR ACTIVE VQFN-HR RPA 10 3000 RoHS & Green SN Level-2-260C-1 YEAR  -40 to 150 T56A37

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© Lead finish/Ball material - Orderable Devices 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.

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

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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RPA0010A

PACKAGE OUTLINE
VQFN-HR - 1 mm max height

PLASTIC QUAD FLAT-NO LEAD
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NOTES:

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

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

RPA0010A

VQFN-HR - 1 mm max height

PLASTIC QUAD FLAT-NO LEAD

o e

@.

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X

SOLDER MASK
0.07 MIN

OPENING
ALL AROUND "\ = /

@i/ METAL EDGE

~~— EXPOSED METAL

NON SOLDER MASK
DEFINED

4224047/A 01/2018

NOTES: (continued)

3.
4.

For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
RPAO0010A VQFN-HR - 1 mm max height
PLASTIC QUAD FLAT-NO LEAD

(R0.05

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD
PADS 6 and 9: 89% PRINTED COVERAGE BY
AREA
SCALE: 20X

4224047/A 01/2018

NOTES: (continued)

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