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Improve power density and simpli&,

design complexity with new 28 V, .
6-10 A DC-DC buck family =
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Product marketing engineer



Agenda

In this session, you will learn how new the DC/DC buck family of converters and modules can enable

you to scale power density needs across your product stack while saving board space, design time,
and BoM.

* Quick introduction to Tl switching regulators

« TPS56x3x overview
» Design benefits and application examples

« Buck converters vs buck modules advantages/disadvantages
* Buck module board space and BoM comparison

- Q&A
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TI's step-down DC/DC converter portfolio

SR-WVB
A Low Io, best in class EMI, power density devices
100 « Automotive load-dump; 24/28/48V rails
75 SR-MVB
High full-load efficiency & power density
Broad portfolio of 12V/24V converters for all markets
B m—
SR-WVB: SRLVE
Zviemll Featuring simple switcher® products *  Smallest solution & lowest |, — Battery power
Lower current 3.3/5V rails
3() m—
Vin

SR-MVB:
Featuring SWIFT™ converters (TPS54xxx),
Low I ( TPS62xxx ) . cost-optimized TPS56xxx converters

SR-LVB:
X amll  Featuring industry-lowest noise and I,

|
1 2 3 6 10 20 30 40 lgemax (A)
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CaSSIOpeIa famlly OverVIeW Released “<\ In development

IC/ Mode FSW (Hz) Vout lout | Package Notes
Module range

TPS56837 500k/800k/1200k 0.6-13V Light load efficiency for general applications

TPS56836 OOA 500k/800k/1200k 0.6-13V 8 RPA VQFN 10pins Out of audio noise support with OOA™
3mm x 3mm

TPS56838 FCCM 500k/800k/1200k 0.6-13V 8 . Low output ripple support during light load

Share P2P footprint,
including TPS56637

TPS56837H PSM 500k 4-22V 8 Higher Vout & USB-C PD support
TPS56A37 PSM 500k 0.6-13V 10 Continuous current output up to 10A
TPSM86838 FCCM  800k/1200k 0.6-5.5Vv 8 Module integrated inductor & passive up to 8A
TPSM86638}\ FCCM 800k/1200K 0.6-13V 6 Module m_tegrated inductor & passive 6A
RCG B3QFN 19pins support higher output up to 13V

N 5mm x 5.5mm x 4mm
TPSM86837 PSM 800k/1200k 0.6-5.5Vv 8 Light load efficiency for general applications
TPSM86637’\ PSM 800k/1200k 0.6-13V 6 Light load efficiency for general applications
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TPS56837/836/838/A37

4.5-V to 28-V input, 8A/10A synchronous buck converter

* 4.5-V to 28-V wide input voltage range » High efficiency at heavy loading
+ 0.6-V to 13-V wide output voltage range » Improved light-load efficiency
* 8-A maximum continuous output current » OOA operation to avoid audio noise (TPS56836)
» Integrated 20.4-mQ and 9.5-mQ MOSFETs + Adjustable switching frequency
* 500KHz/800KHz/1.2MHz adjustable switching frequency + D-CAP3 control with fast transient response
» D-CAP3™ control mode for fast transient response * 98% large duty support
* Eco-mode/OOA mode (TPS56836)/ FCCM (TPS56838) » Lowest external component count
» Internal 1.8-ms soft start and external adjustable + Small footprint to save PCB area
* 0.6-V 1% reference voltage » Cost effective
 Built-in output discharge function
» Power good indicator, OVP/UVP/OTP protection (FPA Paciage
»  HotRod™ 3x3 package (P2P 6A, 8A, 10A family) v i
W
+ Enterprise systems: multifunction printers, storage P8 |sw
« Industrial applications: IPC, EPOS, factory automation and control pano| 8
+ Personal electronics: Monitors, DTV, speakers, PC & NB, portable MODE 10 7777777777777777 5| ss
electronics ? EIREY 4
* General purposes for 12-V,19-V, 24-V power-bus supply 8 & g 2
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TPS56837 advantages

Features

* 4.5-Vto 28-V wide input, 0.6-V to 13-V wide output
 8-A continuous output current
500KHz/800KHz/1200KHz Adj. Fsw

* Adj. over current limit & soft start time
D-CAP3™ PSM for TPS56837

OOA is offered by TPS56836, FCCM by TPS56837

100.00%

High efficiency

* 94.0% @24Vin-5Vout-8A

* 94.5% @24Vin-5Vout-6A

+ 87.8% @24Vin-5Vout-10mA

95.00%

90.00%

85.00%

80.00%

—@—24Vin-5Vout
—@— 19Vin-5Vout

75.00%

* 94.9% @12Vin-5Vout-8A

—@—12Vin-5Vout

70.00%

By using WE 744325330 inductor

0.001 0.01 0.1 1 10
lout (A)

Thermal Vin=24V, Vout=5V, lout=8A, 500K, 15mins

12:46:01PM

11/22/2022

Fast transient response

e« 209mv/189mV

overshoot/undershoot

« @500KHz e

Vout = 200 mV/div

» 24Vin-5Vout-0-8A transient
» L=3.3uH, Cout_eff=35uF ol

Iload = 5 A/div ] 1 ‘
s ———————— e

400 us/div

. Cff=150pF

; *simulated data
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TPS56A37 — Cassiopeia

4.5-V to 28-V input, 10-A synchronous buck converter

* 4.5-Vto 28-V wide input voltage range » High efficiency at heavy loading

+ 0.6-V to 13-V wide output voltage range » Improved light-load efficiency

+ 10-A maximum continuous output current « D-CAP3 control with fast transient response

* Integrated 19.4-mQ and 8.5-mQ MOSFETs * 98% large duty support

» 500KHz switching frequency » Lowest external component count

+ D-CAP3™ control mode for fast transient response + Small footprint to save PCB area

» Eco-mode + Cost effective

» Internal 1.8-ms soft start and external adjustable

* 0.6-V 1% reference voltage RPA Package
10-Pin VQFN-HR

 Built-in output discharge function n V":ﬂn VCIWN

» Power good indicator, OVP/UVP/OTP protection A

» HotRod™ 3x3 package ((P2P with TPS56637 & TPS56837) [

i
VIN 8 | H——
i

| 7 |Boor
Applications N
i 6 SW

» Enterprise systems: Multifunction printers, storage ~ TTTTTmooomoooeeees !

* Industrial applications: IPC, EPOS, factory automation and control ) SR |

+ Personal electronics: Monitors, DTV, speakers, PC & NB, portable MODE “’Q |5 |ss
electronics EEREFEREREEE

» General purposes for 12-V,19-V, 24-V power-bus supply g & % E
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TPS56837H -R S5
4.5-V to 28-V input, 8A synchronous buck converter j j

* 4.5-Vto 28-V wide input voltage range » High efficiency at heavy loading

- [4-Vto 22-V output voltage range | » Improved light-load efficiency

* 8-A continuous output current + D-CAP3 control with fast transient response

* Integrated 20.4-mQ and 9.5-mQ MOSFETs * 98% large duty support

+  500KHz switching frequency * Wide output voltage

+ D-CAP3™ control mode for fast transient response * Dynamic change 5V0-9V0-15V0-20Vo covers type-C application

* PSM mode for higher light load efficiency » Lowest external component count

* Adjustable soft start + Small footprint to save PCB area

* 0.6-V 1% reference voltage » Cost effective

+ Built-in output discharge function & power good indicator RPA Package

- UVP/OVP/OTP T

« HotRod™ 3x3 package (P2P with TPS56637 & TPS56837)

i 8 {7 |soor

R

» USB power supplies with PD ool Ty T !

* Industrial applications: IPC, EPOS, factory automation and control o L

» Personal electronics: Monitors, DTV, speakers, PC & NB, portable MODE'J’D":,?_: 5 45 >

electronics g &8 g ¢
» General purposes for 12-V,19-V, 24-V power-bus supply N 8
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TPS56837H advantages

Dynamic change 5Vo-9Vo-15Vo-20Vo

. 24Vin 5Vo to 20Vo @5A

592,045
—568.0Ms
A1.160ms

100MS/s
~472.000ps 1M points

[
12.2V

J

20.30V
4.900 ¥
Al5.40V

|21 Apr 2023]
16:17:46 |

1
z

VIN= 4.5V to 28V ?

1 TPI2
==C1 =——C2 ——C3
10uF | 10uF | 0.10F
P2 TPi1 PGND

R2
36,1k 5W
EN

u1 4 u
. R4 ca SW —— VOUT = 5V, 8BA max
VIN BOOT
e 4 0w oM 47ull l
= sw |-&_IT8 PG RS Ter C5 ——=C6 =——=CT :_ca
PG vee 8 LocP auf | 220F | 2208
169k |4 B8  vec RB ? T
e R 100k o =
== = ==c10 RE PGND 0 TP3 TDQ TPM
D |- s | 1500 300k
‘“' —2 MoDE AGhD 12 el
PGHND
w e "L . p
1K AGHD o1 RIS 4 o2 RIT 4 | PDO 3 R1B
e fam (= (om Ky [t =
7 o) e 0
\GND "‘“”"‘—J_: Lﬂ N c15
- R13 R15
e acko PGND TATNE Fhamk G142 SATeE Tk
T _F'FN
——— B — _— ’
woTe g, morzlgl. moiilgles Tz
17‘. i AGND
= PDO_1 PDO_2 PDO_3 Vout set Rfb_top  Rfb_bot Vout
%7 0 0 0 sv 30k 4.07k 5.02v
AGHD 1 0 0 ov 30k 2.119 (4.42k) 9.10V
0 1 0 15v 30k 1.238k (1.78k) 15.13V
0 0 1 20V 30k  0.915k (1.18k) 20.28V

Higher efficiency

e 24Vin @5A efficiency

S5Vo

95.19%

9Vo

96.53%

15Vo

97.77%

20Vo

98.44%

0.95

o
©

Efficiency

0.85

0.8
0.01

0.1 lout (A)

—@— \out=5V

—@— \/out=9V
Vout=15V

—@—\/out=20V

1 10

Good thermal

e 24Vin-20Vo @5A
e Thermalis 61C

03:28:09PM

W3 TEXAS INSTRUMENTS



500KHz VS 1200KHZ

FSW=500KHz
3.3uH inductor - 744325330
AUP $3.4, solution size 377mm?

oy [ 3 (13

R11 [o ] oy
R8

35% area
reduction

=)

FSW=1200KHz
1.5uH inductor - 74437349015
AUP 5$1.8, solution size 240mm?

E.OE QO
my [i 53] FIR3
Ri1 [ 6] En's

L |
(8]
baEg
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120/220 VAC

Use case | Industrial PC __|

IPC Power
Supply
IPC Intel CPU
1.25V, 5A
TPS56837 P1V25P_STBY_CPU_IO
TPS56837 L
- . P1V1P_DDR_CPU
+ Scalability across different -
socket needs
» High efficiency 1.8V,3.9A
TPS56836 P1V8P_STBY
* OOA operational mode
5V
TPS5A37 use
Fuses T Tl‘SA
e |
—+ USB Port
TPS5683x and TPS56A37 powering CPU standby, DDR, and system USB rails 1
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Use case | Monitor

External Power
Supply

Barrel Vin
19-24V

+ USB-PD 20Vout delivery
capability

* Light load efficiency

5-20V 3A
TPS56837H USB-PD
I
5V 8A I
TPS56837
Low Vin Buck
TPS56837 3.3V 8A PoL
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Use case | USB-C PD charger ~21mm x 20mm = 420mm?

PD controller GPIO for TPS56837H control

» Simple GPIO operation

g iy
« Available for more controllers T—Jm
across market :

PD controller FB output for TPS56837H control

+ Simpler schematic design and

VIN= 4.5V to 268V

smaller design size

» Design effort required for R
and C per PD controller
parameters % % T ee Ram[ Heio o

o[ _Bjre
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TPSM86x38 (Cassiopeia Module)

4.5V - 28V, 6A/8A buck power module
Features

4.5-V to 28-V wide input voltage range

0.6-V to 5.5V output voltage range for 8-A

0.6-V to 13V output voltage range for 6-A
800KHz/1200KHz adjustable switching frequency
D-CAP3™ control mode for fast transient response
FCCM for small output ripple during light load
Adjustable soft start

0.6-V +1% reference voltage @25C

Built-in output discharge function & power good indicator
OVP/UVP/OTP

Package: QFN 2.1, 5x5.5x4mm

* Industrial: IPC, factory automation and control, medical applications
» Enterprise Systems: Servers, routers, networking, base stations
» High power density POL conversion

Highest power density module for 28V device
High efficiency at heavy loading

Improved light-load efficiency with PSM
Adjustable switching frequency

D-CAP3 control with fast transient response
98% large duty support

Lowest external component count

Small footprint to save PCB area

Cost effective

TPSM86x37
VIN Cassiopeia Module VOouT
- VIN vouT
T T Lealeal,
C1C2 S g
P PGND sw = a
iﬂi MODE BST
EN EN S8
L(5
FB FB AGND PGOOD
~ 1:

<
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08/28/2023 02:00:52PM

TPSM86x38 advantages

Easy for design and save PCB area

High efficiency

24Vin to 5Vo, 800KHz, 8A output 1
3 * 91.92% @24Vin-5Vout-7A 08
X
. « 92.63% @24Vin-5Vout-6A > 06
Tl e 95.61% @24Vin-12Vout-6A S 04 —o—24:5v0-
&= 800K
@800KHz 0.2 —e—24-12Vo-
! t 800K
I 1a645mm f 20.714mm 1 0
QFN Module + Ext. Passives: IC + Ext. Passives: 0.001 0.01 0.1 1 10
169mm? 269mm? lout (A)
Thermal Fast transient response
24Vin-5Vout-7A 800K 24Vin-12Vout-6A 800K ston -
* 24Vin-5Vout-0.8-7.2A 800KHz o
ransient 0ot
ST S . T —
e 162mv/150mv.
overshoot/undershoot Jrm——
p-—_——i [—=——
[ S T L e T B [
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Module vs discrete BoM:

15 components, 11 line items

20% component
reduction

12 components, 9 line items

Discrete

REFERENCE

DESIGNATOR QUANTITY VALUE
C1,C2 2 10uF
C3,C4,C5 3 22uF
Cin, Cbst 2 0.1uF

L 1 1.5uH
cs 1 47pF
C9 1 0.047uF
R4 1 162k

R7 1 20.0k
R8 1 10.0k
R9 1 100k
v
Module

REFERENCE

DESIGNATOR QUANTITY VALUE

C1,C2 2 10uF
C3,C4,C5 3 22uF

c8 1 47pF

c9 1 0.047uF

R4 1 162k

R7 1 20.0k

R8 1 10.0k

R9 1 100Kk
[0

DESCRIPTION

CAP, CERM, 10 uF, 35V, +/- 10%, X7R, 1210

CAP, CERM, 22 uF, 25V, +/- 10%, X7R, 1210

CAP, CERM, 0.1 uF, 50 V, +/- 10%, X7R, 0603
L=15puH,DCR=14mQ,IDC=9A

CAP, CERM, 47 pF, 50 V, +/- 1%, COG/NPO, 0402
CAP, CERM, 0.047 uF, 50 V, +/- 10%, X7R, 0402
RES, 162 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 20.0 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 10.0 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 100 k, 1%, 0.063 W, 0402

DESCRIPTION

CAP, CERM, 10 uF, 35V, +/- 10%, X7R, 1210

CAP, CERM, 22 uF, 25V, +/- 10%, X7R, 1210

CAP, CERM, 47 pF, 50 V, +/- 1%, COG/NPO, 0402
CAP, CERM, 0.047 uF, 50 V, +/- 10%, X7R, 0402
RES, 162 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 20.0 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 10.0 k, 1%, 0.063 W, AEC-Q200 Grade 0, 0402
RES, 100 k, 1%, 0.063 W, 0402
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Module vs discrete size:

24Vin to 5Vo, 500KHz, 8A output

QFN module + Ext. passives:

IC + Ext. passives:
169mm?

347mm?

~51% area
savings

=)

14.996mm
11.512mm

|A
<

14.645mm

23.167mm
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Visit www.ti.com/npu

For more information on the New Product Update
series, calendar and archived recordings

18

W3 TEXAS INSTRUMENTS


http://www.ti.com/npu

I3 TEXAS

INSTRUMENTS

© Copyright 2024 Texas Instruments Incorporated. All rights reserved.

This material is provided strictly “as-is,” for informational purposes only, and without any warranty.
Use of this material is subject to Tl's Terms of Use, viewable at Tl.com



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
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TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
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