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1 System Description
Traditionally, low dropout regulators (LDOs) are used in home appliances to generate 5V or 3.3 V from
the 12-V rail. These LDOs are chosen mainly for their cost and size.
12-V Rail 5-V Rail
Power »| TIDA-01450 |—e—p| Subsystem1
Supply v
—»| Subsystem 2
' °
[ °
| [
P Subsystem n
Copyright © 2017, Texas Instruments Incorporated
K] 1. System Diagram
With the tightening requirements on active and standby power consumption and the increasing current
needs due to adding new features (for example, the Wi-Fi® module), the LDOs become an obstacle to
achieving stringent energy ratings.
The TIDA-01450 design is developed to answer this need of higher efficiency and current capability with
the additional benefit of saving space by eliminating the heat sink, which is normally used to allow the
LDOs to dissipate the losses.
1.1 Key System Specifications
The specifications of the TIDA-01450 design are listed in 3% 1:
#* 1. Key System Specifications
PARAMETER SPECIFICATIONS DETAILS
Input voltage range 6.5t0 17V —
Output voltage and max current 5VatlA —

_ . 92.5%: 12V —» 5V at1A, 91%: 12V — 5V at 500 mA, e
Efficiency (full load, rated load, and light load) 81%: 12 V — 5 V at 10 mA 3221
EMI performance EN55022 class B, >6-dB margin T 3.2.2.10
Regulation (line and load) +3% across the input range and load current range 1 3.2.2.3
Transient response +5% from 0.1t0 1.0 A 1 3.2.25
Protections Short-circuit, hiccup mode OCP for both FETs, OTP, OVP W 3.2.2.7
Operating ambient temperature -30°C to 85°C 1 3.2.2.2

2 AR EIA 92.5% HAA AN 5V, 1A, WE TO-220 LDO Ef(= 2
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2 System Overview

2.1 Block Diagram

I
TPS561201

1
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2.2 Highlighted Products

221 TPS561201

SwW

VIN

VBST

EN

VFB
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2. Block Diagram

VOUT

The TPS561201 is a simple, easy-to-use, 1-A synchronous step-down converters in a SOT-23 package.
The devices are optimized to operate with minimum external component counts and to achieve low

standby current.

These switch mode power supply (SMPS) devices employ D-CAP2™ mode control providing a fast
transient response and supporting both low equivalent series resistance (ESR) output capacitors such as
specialty polymer and ultra-low ESR ceramic capacitors with no external compensation components.

The TPS561201 operates in pulse skip mode, which maintains high efficiency during light load operation.
The TPS561201 is available in a 6-pin, 1.6x2.9-mm SOT (DDC) package and specified from —40°C to

125°C of junction temperature.

Features:

» 1-A converter integrated 140-mQ and 84-mQ FETs

« D-CAP2 mode control with fast transient response

* Input voltage range: 4.5t0 17 V

e Output voltage range: 0.76 to 7 V

e Pulse-skip mode

» 580-kHz switching frequency

* Low shutdown current less than 10 pA

» 2% feedback voltage accuracy (25°C)

» Startup from pre-biased output voltage

» Cycle-by-cycle overcurrent limit

e Hiccup-mode overcurrent protection
* Non-latch UVP and TSD protections

ZHCU302—-August 2017
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2.3

* Fixed soft-start: 1.0 ms

System Design Theory

LDOs are devices that regulate the output voltage, while the output current is the same as the input
current. This implies losses are proportional to the dropout between input and output voltage and the
output current, as shown in A3 1. These losses are the root cause of poor efficiency in LDOs. This
translates to a limitation of the ratio between input and output voltage and maximum output current as well
as the need of a heat sink. That heat sink adds cost and size to the overall solution.

A DC/DC switch mode power supply, including a Buck topology as in this project, present the advantage
of having a higher efficiency, allowing them to be used in a wider variety of applications as well as being
competitive with an LDO-based design with respect to cost and size (including all components and heat
sink). Find more details on how a Buck topology works in the application report Understanding Buck
Power Stages In Switchmode Power Supplies (SLVAO057).

Compare the efficiency of the TIDA-01450 and an LDO-based design. The efficiency data for the TIDA-

01450 design can be found in 5 3.2.2.1. In an LDO, the power to be dissipated can be estimated by Az
1.

PpissipaTED = (VIN _VOUT)X lout @

Now calculate the power dissipated by a 12-V input, 5-V output design at 1 A, 500 mA, and 100 mA to see
what the performances are for the TIDA-01450 and for the LDO-based design.

For 1 A, the efficiency of the TIDA-01450 is 92.5% (7.5% loss). With 5 W at the output, 0.375 W are
dissipated. For the LDO-based design, Az 1 gives 7 W to be dissipated by the LDO.

For 500 mA, the efficiency of the TIDA-01450 is 91% (9% loss). With 2.5 W at the output, 0.225 W are
dissipated. This is to be compared with 3.5 W for the LDO.

Finally for 100 mA, 0.05 W needs to be dissipated for the TIDA-01450 (90% efficiency) versus 0.7 W for
the LDO-based design.

—— Module
7| — LDO

) e

Power to be Dissipated (W)

1

rd
0 4 —
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Output Current (A)

3. Comparison of Power Dissipated

As shown in [ 3, the LDO-based design needs to dissipate much more power than the TIDA-01450
design, which impacts both power consumption and cost and size due to the necessity of a heat sink.

;%?;E%;ﬁ 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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24.1

24.2

Design Considerations

Part and Topology Selection

The first step of the design is to select the circuit topology. As cost and space are key in home appliance
design and no isolation is needed for the 12-V to 5-V conversion, a Buck topology is chosen. Still, with the
aim to reduce hill of material cost and size, a synchronous converter with integrated FET is preferred.

With this in mind, as well as the specification in 3 1, the TPS561201 is chosen. The converter includes
two integrated switching FETS, internal loop compensation, and a 1-ms internal soft start to reduce
component count. It integrates a 140-mQ and a 84-mQ MOSFET for up to 1-A continuous output current.

Design Steps and Passive Components Selection

The first step is to set the output voltage, which is adjusted by the resistor divider (R3 and R6). Set the
range of the resistors; higher values decrease the losses in the resistor divider but make the feedback
signal more sensitive to noise, while lower values will make the feedback signal more robust against noise
but increase losses. On this project, a good trade-off is setting R6 at 10 kQ and use A= 2 to calculate
R3. A 51-Q resistor (R4) is added to measure the loop stability. R4 is not needed in the final design and
can be shorted.

RSZK%_QXRG ®
where:
e R6=10kQ
* Vour=5V
e Ve =0.768 V
3\ 2 gives R3 = 55.104 kQ. A resistor value of 54.9 kQ is then used for R3.

Then comes the choice of the output filter, including the output inductor (L1) and output capacitors (C3
and C4). The LC filter used as the output filter has double pole at:
1
FP =
2nLour * Cour ©)

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 —40 dB per decade rate and the phase drops rapidly. D-CAP2 introduces a high-
frequency zero that reduces the gain roll off to —20 dB 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 A3 3 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.

The inductor peak-to-peak ripple current, peak current and RMS current are calculated using A= 4, Az(
5, and A3 6. 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 580 kHz for
fsw- Make sure the chosen inductor is rated for the peak current of A3\ 5 and the RMS current of /A5 6.

L - Vout XVIN(MAX)_VOUT

ViN(mAX) Lo x fow @)

ZHCU302-August 2017 MR EE 92.5% HAF KA 5V, 1A, X TO-220 LDO FfL=0 2 5
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”Peak = IO + ”p2—p ®)

lorms) = 5+ % ”ﬁ_p ©)

For this Tl Design, the inductor used is a Coilank ABGO6A45M4R7 (4.7 pH) with a saturation current
rating of 5.12 A and an RMS current rating of 3.4 A.

The capacitor value and ESR determines the amount of output voltage ripple. The TPS561201 is intended
for use with ceramic or other low-ESR capacitors. Recommended values range from 20 to 68 pF. Use to
determine the required RMS current rating for the output capacitor.

Vout * (Vin = Vour)

W12 x Vi x L x gy @

lCO(RMS) =

For this design, two MURATA 22-uF output capacitors are used.

The next step is to set the input capacitor. The TPS561201 requires an input decoupling capacitor and a
bulk capacitor is needed depending on the application. TI recommends a ceramic capacitor over 10 uF for
the decoupling capacitor. An additional 0.1-uF capacitor (C3) from pin 3 to ground is optional to provide
additional high-frequency filtering. The capacitor voltage rating needs to be greater than the maximum
input voltage.

As required, a bootstrap capacitor (C1) of 0.1 uF (X7R or X5R) has to be added between the BOOT pin
and the SW pin.

The last step is to select the input filter. Considering the rated input RMS current, this Tl Design uses the
ABGO03A15M4R7 (4.7 uH) with a saturation current rating of 1.13 A and an RMS current rating of 1.12 A
as the input inductor and a 47-yF capacitor as the input capacitor.

Finally a 0-Q resistor (R1) is added next to the bootstrap for test purposes (EMC tests). The results of
these tests show that this resistor is not needed.

6 ;%?;E%;zt 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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3 Hardware, Testing Requirements, and Test Results
3.1 Required Hardware

3.1.1 PCB Overview

A picture of the PCB with the functional blocks is shown in [ 4.

Enable setting )
Resistors Input Capacitors Input Filter Enable Input Voltage

TPS561201
Feedback Resistors Output Capacitors Ground Output Voltage

& 4. TIDA-01450 PCB With Functional Blocks

The inductor and bootstrap capacitor are placed on the bottom side of the board.
3.1.2 Connectors Settings

% 2. Connector Settings

CONNECTOR FUNCTION
J1-1 Vour
J1-2 GND
J1-3 Vin
J1-4 EN
ZHCU302-August 2017 KR EIA 92.5% H A RA K BV, 1A, W TO-220 LDO B~k 2 7
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3.2 Testing and Results

3.21 Test Setup

K 5 shows the setup and the test equipment used.

K 5. Picture of Test Setup for TIDA-01450

# 3 lists the test equipment used to test the TIDA-01450.
% 3. Test Equipment

TEST EQUIPMENT PART NUMBER
Oscilloscope Tektronix TDS 640A
Voltage probe Tektronix P6139A
Current probe LEM PR 30
Multimeter Fluke 179 and 87 1lI
Power supply Agilent E3648A
Electronic load Chroma 63103 and 63104
Passive load SNE350x40S2 D040
Temperature chamber Voetsch VT4002
Thermal camera Fluke T140
8 KR EIA 92.5% H A RA K BV, 1A, W TO-220 LDO B~ 2 ZHCU302-August 2017
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3.2.2 Test Results

3.221 Efficiency

To test the efficiency, four multimeters are used: two are set up as voltmeters to measure the input and
output voltages, and two are set up as ammeters to measure the input and output currents.

The measurements are done at a room temperature of 23°C and with the enable setting resistors (R2 and
R5) not populated, with 6 V applied to the Enable pin.

100%

95% - _
M—V g ﬂ}
—o *
90% _4——-0/’/< _o—< *
= //o——*“‘
c
2 85%
i}
80% L
75% — 8 V-5 Vour
— 12 V-5 Vour
— 16 V-5 Vour
70%
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Output Current

6. TIDA-01450 Efficiency

#* 4, % 5, and 3 6 list the details of the efficiency curves shown in & 6.

% 4. Efficiency With 8-V Input

Vi (V) In (A) Vour (V) lour (A) n
7.770 0.6970 5.0720 0.9970 0.933728
7.800 0.6230 5.0730 0.8990 0.938516
7.820 0.5500 5.0740 0.7995 0.943191
7.850 0.4770 5.0750 0.6990 0.947382
7.870 0.4070 5.0760 0.6000 0.950832
7.890 0.3370 5.0770 0.5000 0.954707
7.910 0.2680 5.0775 0.4000 0.958073
7.930 0.2010 5.0780 0.3010 0.958937
7.950 0.1345 5.0790 0.2010 0.954739
7.980 0.0680 5.0810 0.1010 0.945712
7.980 0.0520 5.0810 0.0770 0.942831
7.990 0.0360 5.0820 0.0520 0.918732
7.990 0.0230 5.0830 0.0320 0.885106
7.990 0.0158 5.0840 0.0218 0.877927
7.995 0.0080 5.0850 0.0110 0.874531
ZHCU302-August 2017 A EE 92.5% HAF A1 5V 1A, = TO-220 LDO é*ftf;iéi 9
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Z 5. Efficiency With 12-V Input

Vin (V) In (A) Vour (V) lour (A) n
11.81 0.4620 5.0680 0.9980 0.926990
11.83 0.4140 5.0690 0.8990 0.930458
11.85 0.3670 5.0700 0.7990 0.931473
11.87 0.3190 5.0710 0.6985 0.935446
11.89 0.2730 5.0730 0.6000 0.937717
11.90 0.2270 5.0740 0.5000 0.939177
11.92 0.1815 5.0750 0.4000 0.938303
11.94 0.1370 5.0770 0.3010 0.934219
11.96 0.0925 5.0780 0.2010 0.922605
11.98 0.0480 5.0810 0.1010 0.892427
11.98 0.0370 5.0820 0.0768 0.880516
11.99 0.0250 5.0820 0.0512 0.868051
11.99 0.0160 5.0830 0.0320 0.847873
11.99 0.0110 5.0830 0.0210 0.809334
11.99 0.0060 5.0875 0.0110 0.777905
3 6. Efficiency With 16-V Input
Vin (V) In (A) Vour (V) lour (A) n
19.88 0.2810 5.059 0.9970 0.902895
19.90 0.2530 5.060 0.8990 0.903518
19.91 0.2245 5.062 0.7990 0.904860
19.92 0.1960 5.064 0.6990 0.906620
19.93 0.1680 5.066 0.6000 0.907820
19.94 0.1400 5.068 0.5000 0.907723
19.95 0.1130 5.070 0.4000 0.899594
19.96 0.0860 5.072 0.3010 0.889379
19.97 0.0585 5.074 0.2010 0.872997
19.98 0.0300 5.079 0.1010 0.855821
19.98 0.0230 5.080 0.0768 0.848988
19.99 0.0160 5.083 0.0513 0.815276
19.99 0.0100 5.082 0.0320 0.813527
19.99 0.0070 5.084 0.0210 0.762981
19.99 0.0040 5.090 0.0110 0.700225

10
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3.2.2.2 Thermal

The thermal pictures in & 7 and ¥ 8 were taken at a room temperature of 26°C, with a 12-V input, 5 V at
1-A output without airflow.

The hottest point of the design is the TPS561201 at 54.8°C. This is an increase of 28.8°C. Because the
acceptable ambient temperature range is —30°C to 85°C, no heat sink is required for the TIDA-01450 to
function properly.

7. Top-Side Thermal Picture With 12-V,, 5V
at 1-A Output

512
50
48
f-46
[-44
L42
(40
38
36
34
32
30
28
L2855
°C
K 8. Bottom-Side Thermal Picture With 12-V,,, 5V
at 1-A Output
ZHCU302-August 2017 MR EE 92.5% HAF KA 5V, 1A, X TO-220 LDO FfL=0 2 11
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3.2.2.3 Line and Load Regulation Over Temperature

9, & 10, and ¥ 11 show the output voltage variation, depending load current and input voltage across
—30°C to 85°C.

Across all input voltages, output currents, and temperature conditions, the output voltage varies between
5.14 and 4.98 V. This is 3% of the output voltage, which is below the initial target of +3%.

5.12 5.14
— 8V — 8V
5.10 — 12V 5.12 — 12V
— 16V | — 16V
5.1 —__\\
5.08 \\ \
g 5.06 g 5.08‘/3\ N \
© . [
3 % 506 \ AN
5 5% 5 N\ A
g g 504 —s
S 502 3
o O 502
5.00 5
4.98 4.98 M—
4.96 4.96
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0 0.2 0.4 0.6 0.8 1 1.2
Output Current Output Current
K 9. Line and Load Regulation at 65°C E 10. Line and Load Regulation at 22.5°C
5.16
— 38V
5.14 * — 12V
JA—
— 16V
g 51— \\\\
£ s08 I ™ \._
2 o \ \ ——
g N
S 504 —
5.02
. \\\e_
e
4.98
0 0.2 0.4 0.6 0.8 1 1.2
Output Current
B 11. Line and Load Regulation at —30°C
12 %?;}51%7:15 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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#* 7, % 8, and 3 9 list the details of the line and load regulation over temperature curves shown in & 9,

10, and & 11.

#* 7. Line and Load Regulation at 65°C

Vin Vour lour
20 5.0570 1.00
20 5.0605 0.75
20 5.0660 0.50
20 5.0710 0.25
20 5.0770 0.10
20 5.0890 0.01
12 5.0640 1.00
12 5.0670 0.75
12 5.0710 0.50
12 5.0750 0.25
12 5.0780 0.10
12 5.0840 0.01
8 5.0690 1.00
8 5.0710 0.75
8 5.0735 0.50
8 5.0760 0.25
8 5.0780 0.10
8 5.0830 0.01

ZHCU302—-August 2017
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% 8. Line and Load Regulation at 22.5°C

Vin Vour lour
20 5.060 1.00
20 5.064 0.75
20 5.068 0.50
20 5.073 0.25
20 5.079 0.10
20 5.090 0.01
12 5.068 1.00
12 5.071 0.75
12 5.074 0.50
12 5.078 0.25
12 5.081 0.10
12 5.088 0.01
8 5.073 1.00
8 5.075 0.75
8 5.077 0.50
8 5.079 0.25
8 5.081 0.10
8 5.085 0.01
% 9. Line and Load Regulation at —30°C
VIN VOUT IOUT
20 5.0600 1.00
20 5.0635 0.75
20 5.0670 0.50
20 5.0700 0.25
20 5.0750 0.10
20 5.0900 0.01
12 5.0700 1.00
12 5.0720 0.75
12 5.0750 0.50
12 5.0780 0.25
12 5.0800 0.10
12 5.0870 0.01
8 5.0750 1.00
8 5.0750 0.75
8 5.0780 0.50
8 5.0800 0.25
8 5.0810 0.10
8 5.0850 0.01

14
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3.2.2.4  Output Voltage Ripple

The output voltage ripple remains below 70 mVpp under full load (1 A), low load (10 mA), or no load. This
ripple is well below the initial requirements of £1%.

Measurements are done at 23°C room temperature with a 12-V input voltage. The upper curve (1) is the
output voltage with an oscilloscope in AC-coupling mode with 50 mV/div. The lower curve (2) is the switch
node (pin 2 of the TPS561201) with 5 V/div.

Run: 50.0MS/s  Sample Run: 2.00MS/s  Sample
I T [#

L

| §

T

. b

T S0-0mVA ChE 5-00V W T-005 TR~ 000RY 24 May 2017 T S0-0mVAL Che 500V W 25.055 TR~ 300V 24 May 2017
09:52:00 09:50:41
B 12. Output Voltage Ripple at 1-A Output Load A 13. Output Voltage Ripple at 10-mA Output Load
Run: 10.0MS/s  Sample
I 1
U 1
oo W -
N N IEE e
IR S0 OmvAe Cha 500V M S.00Hs ChZ v 300mV 24 May 2017
09:48:51
14. Output Voltage Ripple at No Load Output
ZHCU302-August 2017 RF ik 92.5% HAA AR 5V 1A, XE TO-220 LDO gf‘ﬁf;qﬁ%: 15
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3.2.2.5 Transient Response

The transient response is below +250 mV for load steps between 10 mA and 1 A, which are the design
requirements (x5%).
Measurements are done at 23°C room temperature with a 12-V input voltage. The upper curve (1) is the

output voltage with an oscilloscope in AC-coupling mode with 100 mV/div. The lower curve (2) is the
output current with the current probe of 100 mV/A with 200 mV/div. The load step is applied with a 250-

mA/us slew rate.

Run: 200kS/s Sample
I

-
I .

T So.0mvel M 25005 Ch3 L T2mV 24 May 2017
ch3 200mv s

15. Transient Response From 10-mA to 1-A Output Load

3.2.2.6  Start-up and Shutdown

For the start-up and the shutdown behavior, 12 V is applied at the input with a 1-A load at the output. The
EN setting resistors (R2 and R5) are not populated, and the Enable pin is controlled with a 6-V signal.

Measurements are done at 23°C room temperature. The upper curve (1) is the Enable signal with 5 V/div.
The lower curve (2) is the output voltage with an oscilloscope in DC-coupling mode with 2 V/div.

The TIDA-01450 design takes 1.5 ms to provide 5 V at the output after the EN pin is enable. The output
voltage is reached without overshoot.

16 ;é;i%;ﬁ 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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Run: 100kS/s Sample [RFE
I T
[ T

Run: 100kS/s Sample [RFE
[# T
[ T

T

& 16. Start-up at 12-V Input and 1-A Output Load

Chi— 500V 300V

T 500ms ChT 7 1.2V 13Jun 2017 Chi 500V ®EH Z.00V
14:01:20

WM 500ps Chi v

T2V 13)un 2017
14:02:05

17. Shutdown at 12-V Input and 1-A Output Load

ZHCU302—-August 2017
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3.2.2.7

Overcurrent and Short-Circuit Test

The overcurrent protection is tested by having a transient load from a 1- to 3-A output current while the
board is supplied with 12 V. The short-circuit protection is tested by shorting the output pin to ground.

The upper curve (1) is the output voltage with an oscilloscope in DC-coupling mode with 2 V/div (|5 18)
and 100 mV/div (& 19). The lower curve (2) is the output current with the current probe of 100 mV/A with

200 mV/div.

As shown in &] 18 and & 19, when the current is rising to the current limit level, the device enters
overcurrent protection as described in the TPS561201 datasheet (SLVSC95). After waiting the pre-
programmed time, the device tries to restart. Once the fault condition is removed, the device starts

normally.
HIdiE Single Seq 10.0kS/s SITE 10.0kS/s 523 Acqs
I. T 1 E o b |
R SR Z00V WS 00ws CHE 7 T03MY" 24 May 2017 Ch LA WS- 00s CHT~ " T6RV" 30 Jun 2017
Ch3 200mv 10:19:15 Ch3 zo00mv 13:03:15
& 18. Overcurrent Protection Kl 19. Short-Circuit Protection
18 R EIA 92.5% HAA KA 5V, 1A, XE TO-220 LDO #/~ 2
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3.2.2.8 Overvoltage Test

The overvoltage protection is tested by applying 5.5 V at the output of the TIDA-01450 board while the
board is supplied with 12 V and with a 1-A output load.

The upper curve (2) is the output voltage with an oscilloscope in DC-coupling mode with 2 V/div. The
middle curve (3) is the current coming out of the TIDA-01450 with the current probe at 100 mV/A with 50
mV/div. The lower curve (1) is voltage at the switch node with 1 V/div.

I8 Single Seq 10.0kS/s IR Single Seq 10.0kS/s
I [
L L

T

w
w

ke ket

{l

C| ? I~ 70,0V Ch2 2.00V & W5.00ms Ch3 % 46mV 29 May 2017 C| ;I]"ib.o'v' ~Thz ~2.00V & M5.00ms Ch3 7 46RV 29 May 2017
Ch3 50.0mv & Ch3 50.0mv &

17:21:59 17:23:18

K 20. Overvoltage Protection From 5to 5.5V i 21. Overvoltage Protection From 5.5t0 5V

3.2.29 Standby and No-Load Currents

The standby current is measured with an ammeter at 23°C room temperature with a 12-V input voltage.
The Enable pin was set low through the connector, and the Enable setting resistors (R2 and R5) not
populated. The standby current is measured at 2.6 pA.

The no-load current is measured with an ammeter at 23°C room temperature with a 12-V input voltage,
with the enable setting resistors (R2 and R5) not populated, with a 6-V apply to the Enable pin and no
load attached at the output. The no-load current was measured at 456 pA.

ZHCU302-August 2017 RF ik 92.5% HAA AR 5V 1A, XE TO-220 LDO glﬁf;qﬁ% 19
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3.2.2.10 EMC Tests

The TIDA-01450 TI Design has been tested for EMI according to EN55022 Class B conducted and
radiated emissions. The EMC tests are performed by CSA Group Bayern GmbH (Germany).

3.2.2.10.1 Conduction Emission

K 22. Conducted Emission Test Setup

20 ;%?4;%7:15 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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The board passed the conducted emission test with more than 7 dB of margin.

CISPRIZ/CISPRII B - Average/

CISPR CISFPRIZ B -QPeask
Meas. Feak (Wire = Measure
Meas.Awvg (Wire +~ M easure)
- QuasiFasx (Finss) (Wire = M asgure)
. Aumraga (Finalg (Wim = asym)
oBuV]w
S0
&0
70
H.__.H
&0
\-_._\_1_
s0
1
ol I
R 1 AT
o] o " J.s.ln 4 ) | | [, 4
\ | ) J
20 ﬂ.\'\J‘L n '* I
10 Mﬂ P k'ﬂﬂ* U f
° 150Kz \_1[! 1dm 2OMHZ
Frequency Line: Wire + Measure
23. Conducted Emission Test Result (Wire +)
CISPR Z2/CISFR2 B - Auermge
CISPR 2Z/CISPRZ B - QPeak
Mess. Peak (Wire - Measure)
Mess Avg (Wire - Massure)
n CQuzsiPeak (Wirz - Massurg)
Awerage (Finals) (Wirs - Measum)
00
dEwV %0
80
70
& [ ———
‘—-"-_;
[
013 H
0 h‘@‘\"""\/\ et gn\.,_h‘w}# " 3 ’ &
20 \"\ A e .l " J {
10 u\\ﬂ«rrf’”}l - [\ A
: e il
150kHe ™ 10M I0MHz
Frequency Line: Wire - Measure
CISFR ZZCISFraZE
K 24. Conducted Emission Test Result (Wire -)
ZHCU302-August 2017 KR EIA 92.5% H A RA K BV, 1A, W TO-220 LDO B~k 2 21
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% 10. Conducted Emission Test Result
FREQ MARGIN MARGIN CORR
(MH2) SR QP (dBuv) (dB) LIMIT (dB) | AV (dBpV) (dB) LIMIT (dB) LINE (dB)
0.1635 1 39.37 25.92 65.28 30.70 24.59 55.28 Wire + 10.21
: : ' : ' : ' Measure '
Wire +
0.1680 1 38.58 26.48 65.06 29.77 25.29 55.06 10.21
Measure
0.2220 1 32.84 29.90 62.74 23.93 28.81 52.74 Wire + 10.22
: : ' : ' : ' Measure '
Wire +
0.3315 2 25.99 33.43 59.41 16.36 33.05 49.41 10.23
Measure
0.3765 2 24.31 34.05 58.36 11.43 36.93 48.36 Wire + 10.23
: : ' : ' : ' Measure '
0.5430 2 43.77 12.23 56.00 38.88 7.12 46.00| Wire+ 10.24
Measure
Wire +
0.5475 2 47.26 8.74 56.00 38.59 7.41 46.00 Measure 10.24
Wire +
0.6315 3 20.67 35.33 56.00 10.28 35.72 46.00 10.24
Measure
0.7575 3 2211 33.89 56.00 11.17 34.83 46.00 Wire + 10.24
: : ' : ' : ' Measure '
Wire +
1.0950 3 38.76 17.24 56.00 29.49 16.51 46.00 10.24
Measure
1.6455 4 35.21 20.79 56.00 25.55 20.45 46.00 Wire + 10.26
: : ' : ' : ' Measure '
Wire +
2.1765 4 27.41 28.59 56.00 21.40 24.60 46.00 10.28
Measure
2.1945 4 30.51 25.49 56.00 20.23 25.77 46.00 Wire + 10.28
: : ' : ' : ' Measure '
Wire +
2.7420 5 34.17 21.83 56.00 23.22 22.78 46.00 10.30
Measure
4.3845 5 30.45 25.55 56.00 20.97 25.03 46.00 Wire + 10.38
: : ' : ' : ' Measure '
Wire +
4.9350 6 35.29 20.71 56.00 24.19 21.81 46.00 10.41
Measure
5.4840 6 34.93 25.07 60.00 23.07 26.93 50.00 Wire + 10.44
: : ' : ' : ' Measure '
Wire +
7.1310 6 33.33 26.67 60.00 22.25 27.75 50.00 10.55
Measure
10.4235 7 34.11 25.89 60.00 23.25 26.75 50.00 Wire + 10.65
: : ' : ' : ' Measure '
Wire +
14.2665 7 27.90 32.10 60.00 17.87 32.13 50.00 10.95
Measure
23.6010 8 25.75 34.25 60.00 15.18 34.82 50.00 Wire + 11.59
: : ' : ' : ' Measure '
Wire +
29.6355 8 31.04 28.96 60.00 22.02 27.98 50.00 11.76
Measure
29.6400 8 30.79 29.21 60.00 21.82 28.18 50.00 Wire + 11.76
: : ' : ' : ' Measure '
Wire -
0.1680 9 38.54 26.52 65.06 29.93 25.13 55.06 10.21
Measure
Wire -
0.2220 9 32.87 29.87 62.74 23.96 28.78 52.74 Measure 10.22
Wire -
0.3315 10 26.01 33.41 59.41 16.41 33.00 49.41 10.23
Measure
Wire -
0.4125 10 25.16 32.44 57.60 11.74 35.85 47.60 Measure 10.24
Wire -
0.5430 10 41.97 14.03 56.00 37.18 8.82 46.00 10.24
Measure
22 MFEmik 92.5% HEAAMAREN 5V, 1A, XK= TO-220 LDO F/ =M S %k ZHCU302-August 2017
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% 10. Conducted Emission Test Result (continued)
FREQ MARGIN MARGIN CORR
(MH2) SR QP (dBuv) (dB) LIMIT (dB) | AV (dBuV) (dB) LIMIT (dB) LINE (dB)
Wire -
0.5475 10 45.48 10.52 56.00 37.01 8.99 46.00 Measure 10.24
0.6495 11 21.62 34.38 56.00 10.83 35.17 46.00 Wire - 10.24
Measure
Wire -
0.6945 11 21.47 34.53 56.00 9.66 36.34 46.00 Measure 10.24
1.0950 11 29.34 26.66 56.00 20.95 25.05 46.00 Wire - 10.24
Measure
Wire -
1.6230 12 28.79 27.21 56.00 21.85 24.15 46.00 Measure 10.26
2.1900 12 30.08 25.92 56.00 20.19 25.81 46.00 Wire - 10.28
Measure
Wire -
2.1945 12 30.65 25.35 56.00 19.43 26.57 46.00 Measure 10.28
2.7060 13 23.14 32.86 56.00 16.83 29.17 46.00 Wire - 10.30
Measure
Wire -
3.2730 13 23.58 32.42 56.00 17.77 28.23 46.00 Measure 10.33
3.8400 13 30.72 25.28 56.00 19.80 26.20 46.00 Wire - 10.36
Measure
Wire -
4.9350 14 29.66 26.34 56.00 18.20 27.80 46.00 Measure 10.41
8.2290 14 27.25 32.75 60.00 15.54 34.46 50.00 Wire - 10.63
Measure
Wire -
10.4235 15 30.33 29.67 60.00 18.35 31.65 50.00 Measure 10.65
10.4280 15 30.51 29.49 60.00 18.32 31.68 50.00 Wire - 10.65
Measure
Wire -
14.2665 15 24.61 35.39 60.00 16.54 33.46 50.00 Measure 10.95
17.0115 15 27.34 32.66 60.00 16.23 33.77 50.00 Wire - 11.35
Measure
Wire -
19.2045 16 27.04 32.96 60.00 15.63 34.37 50.00 Measure 11.53
29.5950 16 28.22 31.78 60.00 20.61 29.39 50.00 Wire - 11.75
Measure
Wire -
29.6400 16 29.56 30.44 60.00 20.60 29.40 50.00 Measure 11.76

3.2.2.10.2 Radiated Emission

The radiated emission is tested first with a prescan test with an antenna at 3 m and a threshold higher

from 10 dB. This pretest identifies the critical points (less than 20 dB of margin) for the 10-m test.

ZHCU302—-August 2017
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Kl 25. Radiated Emission 3-m Prescan Test Setup
CAUTION
For the prescan, due to the shorter distance (3 m instead of 10 m), the
threshold for radiated EMI of EN55022 is higher by 10 dB.
100
dBpVim @
80
70
<]
50
40 |
0 J Y
- | - _JJnf\tw‘*
0 WW Irt ) rl\"rl ot A"A_-’;\““&Mwﬁul ‘,/( e
. M W Ay o, \ o
-10
-20
I0MHz 100M 1GHz
Frequency Polarization: Horzonta
K 26. Radiated Emission 3-m Prescan Test Horizontal Polarization
24 KR EIA 92.5% H A RA K BV, 1A, W TO-220 LDO B~ 2 ZHCU302-August 2017
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CISPR 22/CISPR22B
CISPR 2ZZ/CISPRZ2B
. IS PR 22/CISFRZZE - F
—_— M a3k (Vertizal)
Meas Ay (Verticd)
* Fesk (Pesk Lim QFask) (Verted)
100
dBpVim
90
0
70
80
50
40
B il
AN
Y A\
20 x w{*“m""“
] \L -
v W WM / el
10 ] J ﬂ'\u’."—\
WWWWMMﬂWM‘J
0
-10
-20
MK 100M 1GH

Frequency Polarzaton: Vertica

Date08/22/2017 112

W

Operator: Operaton mode

K] 27. Radiated Emission 3-m Prescan Test Vertical Polarization
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% 11. Radiated Emission 3-m Prescan List of Critical Points
FREQ PK LIMIT QP MARGIN ANGLE

(MH2) SR (dBuV/m) (dBuV/m) (dB) © POLARIZATION CORR
75.202 1 20.08 40.00 -19.92 310.60 Horizontal polarization -9.22
162.405 1 2154 40.00 -18.46 290.70 Horizontal polarization -5.85
557.971 1 32.42 47.00 —14.58 290.70 Horizontal polarization 1.01
855.373 1 45.92 47.00 -1.08 120.60 Horizontal polarization 5.53
141.356 2 20.35 40.00 -19.65 329.40 Vertical polarization -5.31
554.770 2 29.38 47.00 -17.62 0.70 Vertical polarization 0.42
856.246 2 42.06 47.00 —4.94 249.40 Vertical polarization 5.28

Those critical points are then tested in the typical 10-m setup.

/ . =

K 28. Radiated Emission 10-m Test Setup

During the scan, the board passed the radiated emission test with more than 4 dB of margin.

26 x%%:ﬁ;zé 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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UBHWM ———Limit line (Frequency range: 30 - 1000 MHz) ®*  Level Vert. dBuVim * Level Hor. dBuV/im
70
a0
50
40
EN 58022
*®
30 =
e
- *x
20 n 7 N
3 ‘
x » X'
0
0 200 400 a00 800 1000
f (MMz)
K] 29. Radiated Emission 10-m Test Result
% 12. Radiated Emission 10-m Test Result
FREQ R'f/AE%?G RE:(')DF'QNG C?/REF';ETCT CORRECT |LEVEL VERT | LEVEL HOR LIMIT Dy (dB)
(MHZ) (dBLY) (dBY) (dB/m) HOR (dB/m) | (dBpV/m) (dBpv/m) (dBpVv/m) LiMIT
30.00 5.5 4.8 13.2 13.2 18.7 18.0 30.0 -11.3
38.40 5.8 5.2 14.3 14.3 20.1 19.5 30.0 -9.9
55.30 6.2 48 14.4 14.4 20.6 19.2 30.0 9.4
75.20 6.1 5.2 10.2 10.2 16.3 15.4 30.0 -13.7
141.35 5.4 5.3 10.1 10.1 15.5 15.4 30.0 -14.5
162.40 53 5.1 10.7 10.7 16.0 15.8 30.0 -14.0
172.76 10.0 5.3 11.4 11.4 21.4 16.7 30.0 -8.6
211.76 6.9 5.3 13.7 13.7 20.6 19.0 30.0 9.4
273.46 6.9 7.0 15.9 15.9 22.8 22.9 37.0 -14.1
321.56 6.4 6.4 17.3 17.3 23.7 23.7 37.0 -13.3
368.06 6.5 7.0 18.5 18.5 25.0 25.5 37.0 -11.5
485.46 71 7.7 21.4 21.4 28.5 29.1 37.0 -7.9
512.56 85 7.0 22.0 22.0 30.5 29.0 37.0 -6.5
554.57 9.1 9.8 22.8 22.8 31.9 32.6 37.0 —4.4
ZHCU302-August 2017 R EIA 92.5% HAHRAZ N 5V, 1A, W= TO-220 LDO g’fff;qﬁ%; 27
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01450.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01450.
4.3 PCB Layout Recommendations
In switch mode DC/DC, take special care to avoid coupling between the different loops. In a Buck
topology, the input loop is particularly critical; for this reason, place the input capacitors as close as
possible to the TPS561201.
This is done by separating the noise sensitive loop (Feedback and Enable) from the high di/dt loops (input,
switch node, bootstrap). Separate these loops by placing the components and traces of the feedback and
enable loop as far as possible from components and traces with high di/dt.
Also give special attention to the ground plane; try to make it as large and as solid as possible to both
reduce noise sensitivity and help thermal dissipation.
With regards to thermal dissipation, the input and output voltage planes must also be made as large and
solid as possible to help keep the board as cool as possible.
Lastly, the soldering pad for the inductor is slightly enlarged to allow the tests of several inductors.
1~ Feedback resistor divider, placed ™\ /” Input capacitors, placed
', _away of high switching signais__’ '\ _Close to the input pin _,
K 30. Top Layer
28 ;%?4;%7:15 92.5% HAAMRARZ K 5V, 1A, W= TO-220 LDO EfC~ 42 ZHCU302-August 2017
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|I Ground Plane, extended to ‘I

\ dissipate power )
N

td N
Output voltage plane extended |, High di/dt signals: Switch

\
1
to dissipate power ) '\ node and Bootstrap capacitor

4 /

[
l
K 31. Bottom Layer (Flipped)

4.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-01450.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01450.

45 Gerber Files
To download the Gerber files, see the design files at TIDA-01450.

4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01450.

5 Related Documentation

1. Texas Instruments, Understanding Buck Power Stages In Switchmode Power Supplies, Application
Report (SLVAQ57)

2. Texas Instruments, Layout Tips for EMI Reduction in DC / DC Converters, AN-2155 Application Report
(SNVAG638)

3. Texas Instruments, Simple Success With Conducted EMI From DCDC Converters, AN-2162
Application Report (SNVA489)

ZHCU302-August 2017 A EE 92.5% HAF A1 5V 1A, = TO-220 LDO *E*fff;;u%%i 29
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