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I . Pgfameters  Package | Pins | Size  Features  Description P > Rl de
Bilan - = =0
Rating Catalog _ - 'y
Buck converter =5 e
Topology Buck = B ‘
Input 8V fout (max) (4 10 y ary
Vin (max) (V) 28 | 5=
Output 5V B =
Vin (min) (V) 45 i p
Current 10 A \ Vout (max) (V) 13
Vout (min) (V) 0.6
Features Adjustable soft start, Enable, Forced PWM,
Light-load efficiency, Overcurrent protection,
Synchronous rectification 5

Prog#ct details
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TPS56A37 4.5V to 28V Input, 10A, Synchronous Buck Converter

1 Features

« 4.5V to 28V input voltage range

« 0.6V to 13V output voltage range

« Supports 10A continuous output current

« Integrated 19.4mQ and 8.5mQ MOSFETs

« 0.6V £1% reference voltage at 25°C

« 45uA low quiescent current

+ D-CAP3™ control mode for fast transient response

« Eco-mode (auto-skip mode) for high light-load
efficiency

« Fixed 500kHz switching frequency

« Cycle by cycle over current limit

« Adjustable soft-start time with default 1.8ms

« Built-in output discharge function

« Power-good indicator to monitor output voltage

« Supports up to 98% duty operation

* Non-latched protections for UV, OV, OT, and UVLO

« —40°C to +150°C operating junction temperature

+  Small 10-pin 3.0mm x 3.0mm HotRod™ QFN
package

* Pin-to-pin compatible with 6A TPS56637 and 8A
TPS56837

2 Applications

« Industrial PC, EPOS, factory automation and
control

Multifunction printers, video conference system
Monitors, TV, speakers, PC and notebooks,
portable electronics

General purposes for 12V,19V, 24V power-bus

supply

@>1—o— VIN BOOT“
Cm = TCEM L
I | —EN swW 000 voui>
= = TPS56A3TRPA J
I ss PG [~ = Regr
Css
[
é J— MODE FB 4[ o
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= Rese
Ryp-52 K| | T
p S
~ = =

Simplified Schematic

3 Description

The TPS56A37 is a high-efficiency, easy-to-use,
synchronous buck converter with a wide input voltage
range of 4.5V to 28V. The device supports up to 10A
continuous output current at output voltages between
0.6V and 13V.

The TPS56A37 uses D-CAP3 control mode to
provide fast transient response, good line and load
regulation, no requirement for external compensation,
and supports low equivalent series resistance (ESR)
output capacitors like MLCC.

The TPS56A37 operates at Eco-mode to attain high
efficiency at light load with fixed 500kHz switching
frequency. The TPS56A37 has adjustable soft-start
time by connecting the SS capacitor and with default
1.8ms with the SS pin floating.

The TPS56A37 provides complete non-latched OV
(overvoltage), UV (undervoltage), OC (overcurrent),
OT (overtemperature), and UVLO (undervoltage
lockout) protections combined with power-good
indicator and output discharge function features.

The TPS56A37 is available in a 10-pin, 3.0mm
x 3.0mm HotRod QFN package, and the junction
temperature is specified from —40°C to 150°C.

Package Information
PART NUMBER PACKAGE(" PACKAGE SIZE®)
TPS56A37 RPA (VQFN-HR, 10) |3.00mm x 3.00mm

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

100%

95%

90%

85%

Efficiency

B80%

— VIN=8V

75% — VIN=12V
VIN = 18V

— VIN=24V

70%
0.001 0.01 0.1 1
lout (A) 7

Efficiency, Vout = 5V, Fsw = 500kHz
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R
1 1 I I 1 1
v 8 __________i i_'_'i'_ BOOT
S
L] [ ] & e :
Pin Configuration wo| s
_____________________ .
MODE| 10 | 5 |ss
(11021 (31 4y
( \ =z I ml [=] ‘ (vl :
w w = o
2

¢ IC E uﬂl‘ % % H'ﬁ‘ll S -E E ﬂﬂl} ?E Figure 4-1. RPA Package, 10-Pin VQFN-HR (Top View)
I S Table 4-1. Pin Functions
* % % Hﬁll % a E,‘J IjJ ﬁ E > ;% ;i PIN I

DESCRIPTION
NAME NO.

Y E Il=l='I 51 E N H I Enable input control. Driving EN high or leaving this pin floating enables the converter. A resistor
B Elgi= Sl S EN 1 !

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.
\_ Yy 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 (@] o o
no external capacitor is connected, the soft-start time is 1.8ms by default.
SW 6 O 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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6 Detailed Description

] -
u - t t 6.1 Overview
HE a a S e e [ ] 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 Rpgn). The device is protected from

° :ﬁ A ﬁg *E IC E’\J Ij] == output short, undervoltage, overvoltage, and overtemperature conditions.
% - 6.2 Functional Block Diagram
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl 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 Figure 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 Figure 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.
Ui

VIN 8

VOouT

_L WVIN BOOT
EN 1
c1 o2 c3 R EN

10uF 10uF 0.1uF ¥ 169k

7.2.1 Design Requirements

Table 7-1 shows the design parameters for this application.

_.I_ IDNP

Cs (o] c7

s T 2uF | 220F | 220F
49.9 u u u
| i

J2Z

DNP DNP 2
I

c8 ca
22uF 22uF|

b —+-
PGND —,_7 S5 e = R6 PGND
732k
c1 PGND
Ro AmE_104 yope AGND
36.1k R3 TPS56A3TRPAR
523k
AGND 3 AGND
AGND PGND
Figure 7-1. TPS56A37 5V, 10A Reference Design
Table 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%
Qutput ripple voltage < 50mV at CCM
QOutput current rating 10A 10
Operating frequency 500kHz
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SNx4HC595 8-Bit Shift Registers With 3-State Output Registers — T
25 —
1 Features 3 Description 1R Py 1| I>_ 4
- = oo L 3 = Ca — — Qg
«  8-bit serial-in, parallel-out shift The SNx4HC595 devices contain an 8-bit, serial-in, ’ QR 33
« Wide operating voltage range of 2V to 6 V parallel-out shift register that feeds an 8-bit D-type —— T
* High-current 3-state outputs can drive up to 15 storage register. The storage register has parallel 3- o
LSTTL loads state outputs. Separate clocks are provided for both am - . IR -
« Low power consumption: 80-pA (maximum) g the shift and storage register. The shift register has ——=c2 = C3 *—f[>—— oF
+ tyg = 13 ns (typical) a direct overriding clear (SRCLR) input, serial (SER) ' e b T bl
+ +6-mA output drive at 5V input, and seriioutputs for cascading. When the e
« Low input current: 1 pA (maximum) output-enable (OE) input is high, the outputs are in L - y
« Shift register has direct clear the high-impedance state. S IR o
+ On products compliant to MIL-PRF-38535, . . =3 D—C[>—— QG
- Device Information 4 - a5
all parameters are tested unless otherwise noted. - -
On all other products, production processing does EARTNUMBER RACIACE EODYESIZEINON
not necessarily include testing of all parameters. SN54HCS95FK LCCC (20) 8.89 mm x 8.89 mm =
.. SN54HC595J CDIP (16) 21.34 mm x 6.92 mm R . . ,
2 Applications SNT4HC595N PDIP (16) 19.31 mm x 6.35 mm g=c2 o3 o D OH
*  Network switches SN74HC595D SOIC (16) 9.90 mm x 3.90 mm 18 = .
: EgvaeC:-i;m]?SStrUCture SN74HC595DW SOIC (16) 10.30 mm x 7.50 mm Fin numbers shawn are lor the D, D8, DW, J. N, NS, FW, and W packages. b
. Serversp y SN74HC595DB SSOP (16) 6.20 mm x 5.30 mm . . -
SN74HC595PW TSSOP (16) 5.00 mm x 4.40 mm Fun{:tlnnal BIDCk Dlﬂgram Serlal out

16



Key Specification

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)“’

MIN MAX UNIT

Vee Supply voltage -0.5 7 o
i Input clamp current® V,<0orV,> Ve +20 mA
lok Output clamp current Vo <0orVg>Vee +20 mA
lo Continuous output current Vo =0to Ve +35 o2l

Continuous current through Vg or GND 70 mA
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

FA NPN E R igiE

Emitter Follower 1Z38 &

FlREREFE—

: ok - F A 5v

SR =y
B2 /)IL

( )
X ok - ?ﬁﬂ’ﬁ%

ﬂEyl\ I:IXI:I

5V
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Pin Configuration

5 Pin Configuration and Functions

&
O mO <
Qg [| 1 U16:|VCC doz>0
g e - -
Qc []2 15[] Qa ap a2 2 " 2 %0 ser
Qp [|3 14[] SER D L4 = =
— Qe []5 17[| OE
Qe [] 4 13|] OE NC [] 6 16[| NC
Qr ||5 12[] RCLK Qe [17 15[] RCLK
Qg |18 14[] SRCLK
Qg [l 6 11 [] SRCLK a8 s
aq[l7 10 SRCIR T Fo T
' I 00 3 E
GND [|8 9] Qu g Z23 3
w
DN, NS, J, DB, or PW Package
DIP, SO, CDIP, SSOP, or TSSOP FK Package
. 20-Pin LCCC
Top View .
Top View
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Detailed Description " i
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PCB & R il

A [E # (2-layer board):
RSN ENEO LR T%E

(WFRERITHEH) (FFHITH)
SMD pad Through hole

= PcB EAX LT 2T
122 | TR 42 75 £ AR 48 52 & £

FHIEZE 1Y (solder mask)

— i,
FR4 I IE 4l 4 (substrate)

— gz

E 1.6 mm
| . #i /= 0.035 mm

Via

#i (copper)
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PCB & R il

* Pad: FHZR IR TR

* Via: AR A% WA 2 1 4] a2 B2 Y3t 5

* Net: £ —TERI[E] — 1R 4R

e Clearance: MIEA[E] net B 2 EIRV R Bk
e SMD: Surface Mount Device 5 5 B o4
 THT: Through Hole Technology ZF L2404
* Trace: 4%

e Plane / Zone: &l /
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