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说说明明

此参考设计展示了一款小解决方案尺寸、高效率、低

EMI 的直流/直流模块，可用于替代主要家电中的

LDO。使用直流/直流模块替代 LDO 可以大幅提高系统

效率，不仅能减小解决方案尺寸并节省 BOM 成本，而

且还无需使用散热器。此模块占用空间与 TO-220 LDO
相近，并且与 TO-220 LDO 引脚到引脚兼容，从而可实

现快速评估并缩短产品上市时间。TPS561201 电源转

换器可在满载、低负载和待机状态下实现更大的输出电

流并降低功耗。

此模块大小与 TO-220 LDO 相符，引脚与 TO-220 LDO
兼容，从而可实现快速评估并缩短产品上市时间。

资资源源

TIDA-01449 设计文件夹

TPS561201 产品文件夹

咨询我们的 E2E 专家

特特性性

• 3.3V 稳压，高达 1A 的输出负载

• 效率达 90%

• 2.3μA 待机电流和 414μA 无负载电流

• 外形小巧：尺寸和引脚兼容，小于 TO-220 (10.5mm
x 18.3mm)

• 满负载时温度上升不足 30°C，无需散热器

• 降低了板载直流/直流设计的复杂性，节省了开关电

源 EMC 设计的研发时间和精力（上市更快）

应应用用

• 洗衣机和烘干机

• 冰箱和冷冻柜

• 洗碗机

• 空调室内机

该 TI 参考设计末尾的重要声明表述了授权使用、知识产权问题和其他重要的免责声明和信息。
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http://e2e.ti.com/support/applications/ti_designs/
http://www.ti.com/solution/washing_machine_high_end
http://www.ti.com/solution/refrigerator
http://www.ti.com/solution/dish_washers
http://www.ti.com.cn/solution/cn/ductless_aircon_indoor_system
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1 System Description

Traditionally, low dropout regulators (LDO) are used in home appliances to generate 5 V or 3.3 V from the
12-V rail. These LDOs are chosen mainly for their cost and size.

图图 1. System Diagram

With the tightening requirements on active and standby power consumption and the increasing current
needs due to the addition of new features (for example, the Wi-Fi® module), the LDOs become an
obstacle to achieving stringent energy ratings.

The TIDA-01449 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-01449 design are listed in 表 1:

表表 1. Key System Specifications

PARAMETER SPECIFICATIONS DETAILS
Input voltage range 6.5 to 20 V —
Output voltage and max current 3.3 V at 1 A —

Efficiency (full load, rated load, and light load) 90%: 12 V → 3.3 V at 1 A, 89%: 12 V → 3.3 V at 500 mA,
76%: 12 V → 3.3 V at 10 mA 节 3.2.2.1

EMI performance EN55022 class B, >4-dB margin 节 3.2.2.10
Regulation (line and load) ±3% across the input range and load current range 节 3.2.2.3
Transient response ±5% from 0.1 to 1.0 A 节 3.2.2.5
Protections Short-circuit, hiccup mode OCP for both FETs, OTP, OVP 节 3.2.2.7
Operating ambient temperature –30°C to 85°C 节 3.2.2.2

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf
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2 System Overview

2.1 Block Diagram

图图 2. Block Diagram

2.2 Highlighted Products

2.2.1 TPS561201

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 also optimized 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 1.6×2.9-mm SOT (DDC) package and specified from –40°C to
125°C of junction temperature.

Features:

• 1-A converter integrated 140-mΩ and 84-mΩ FETs

• D-CAP2 mode control with fast transient response

• Input voltage range: 4.5 to 17 V

• Output voltage range: 0.76 to 7 V

• Pulse-skip mode

• 580-kHz switching frequency

• Low shutdown current less than 10 µA

• 2% feedback voltage accuracy (25°C)

• Startup from pre-biased output voltage

• Cycle-by-cycle overcurrent limit

• Hiccup-mode overcurrent protection

• Non-latch UVP and TSD protections

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf
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• Fixed soft-start: 1.0 ms

2.3 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 公式 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 (SLVA057).

Compare the efficiency of the TIDA-01449 and an LDO-based design. The efficiency data for the TIDA-
01449 design can be found in 节 3.2.2.1. In an LDO, the power to be dissipated can be estimated by 公式

1.

(1)

Now calculate the power dissipated by a 12-V input, 3.3-V output design at 1 A, 500 mA, and 100 mA to
see what the performances are for the TIDA-01449 and for the LDO-based design.

For 1 A, the efficiency of the TIDA-01449 is 90% (10% loss). With 5 W at the output, 0.5 W are dissipated.
For the LDO-based design, 公式 1 gives 8.7 W to be dissipated by the LDO.

For 500 mA, the efficiency of the TIDA-01449 is 89% (11% loss). With 2.5 W at the output, 0.275 W are
dissipated. This is to be compared with 4.35 W for the LDO.

Finally for 100 mA, 0.12 W needs to be dissipated for the TIDA-01449 (76% efficiency) versus 0.87 W for
the LDO-based design.

图图 3. Comparison of Power Dissipated

As shown in 图 3, the LDO-based design needs to dissipate much more power than the TIDA-01449
design, which impacts both power consumption and cost and size due to the necessity of a heat sink.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf
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2.4 Design Considerations

2.4.1 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 3.3-V conversion, a Buck topology is chosen. Still, with
the aim to reduce bill of material cost and size, a synchronous converter with integrated FET is preferred.

With this in mind, as well as the specification in 表 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-mΩ and a 84-mΩ MOSFET for up to 1-A continuous output current.

2.4.2 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 kΩ and use 公式 2 to calculate
R3. A 51-Ω resistor (R4) is added to measure the loop stability. R4 is not needed in the final design and
can be shorted.

(2)

where:

• R6 = 10 kΩ

• VOUT = 3.3 V

• VREF = 0.768 V

公式 2 gives R3 = 32.969 kΩ. A resistor value of 33.2 kΩ 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:

(3)

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 公式 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 公式 4, 公式

5, and 公式 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 公式 5 and the RMS current of 公式 6.

(4)

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf


( )
( )OUT IN OUT

CO RMS

IN o SW

V V V
I

12 V L f

´ -
=

´ ´ ´

( )
2 2
o p pLO RMS

1
I I II

12
-= +

p p
peak O

II
II I

2

-

= +

System Overview www.ti.com.cn

6 ZHCU301–August 2017

TIDUD94 — http://www-s.ti.com/sc/techlit/TIDUD94
版权 © 2017, Texas Instruments Incorporated

效率高达 90% 且具有成本效益的 3.3V、1A 双层 TO-220 LDO 替代产品参考
设计

(5)

(6)

For this TI Design, the inductor used is a Coilank ABG06A45M3R3 (3.3 µH) with a saturation current
rating of 6.08 A and an RMS current rating of 3.81 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 µF. Use to
determine the required RMS current rating for the output capacitor.

(7)

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

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 µF for the
decoupling capacitor. An additional 0.1-µF 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 μF (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 TI Design uses the
ABG03A15M4R7 (4.7 µH) 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-µF capacitor as the input capacitor.

Finally a 0-Ω 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.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf
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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 图 4.

图图 4. TIDA-01449 PCB With Functional Blocks

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

3.1.2 Connectors Settings

表表 2. Connector Settings

CONNECTOR FUNCTION
J1-1 VOUT

J1-2 GND
J1-3 VIN

J1-4 EN

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf
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3.2 Testing and Results

3.2.1 Test Setup

图 5 shows the setup and the test equipment used.

图图 5. Picture of Test Setup for TIDA-01449

表 3 lists the test equipment used to test the TIDA-01449.

表表 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 III
Power supply Agilent E3648A

Electronic load Chroma 63103 and 63104
Passive load SNE350x40S2 D040

Temperature chamber Voetsch VT4002
Thermal camera Fluke TI40

http://www.ti.com.cn
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3.2.2 Test Results

3.2.2.1 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 23ºC and with the enable setting resistors (R2 and
R5) not populated, with 6 V applied to the Enable pin.

图图 6. TIDA-01449 Efficiency

表 4, 表 5, and 表 6 list the details of the efficiency curves shown in 图 6.

表表 4. Efficiency With 8-V Input

VIN (V) IIN (A) VOUT (V) IOUT (A) η
7.950 0.4525 3.297 0.9962 0.913018910
7.960 0.4068 3.300 0.8975 0.914648834
7.960 0.3608 3.303 0.7973 0.916960739
7.960 0.3153 3.306 0.6971 0.918249908
7.970 0.2708 3.309 0.5984 0.917447815
7.970 0.2285 3.335 0.4982 0.912336470
7.980 0.1837 3.344 0.3980 0.907898489
7.980 0.1389 3.354 0.2992 0.905356263
7.990 0.0927 3.357 0.1990 0.901940532
7.990 0.0463 3.355 0.0987 0.895121331
7.990 0.0351 3.355 0.0748 0.894829363
7.990 0.0235 3.351 0.0493 0.879846084
7.990 0.0144 3.353 0.0299 0.871355688
7.990 0.0095 3.354 0.0195 0.861642843
7.995 0.0046 3.354 0.0090 0.820784730

http://www.ti.com.cn
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表表 5. Efficiency With 12-V Input

VIN (V) IIN (A) VOUT (V) IOUT (A) η
11.970 0.3067 3.312 0.9963 0.898819595
11.970 0.2764 3.315 0.8976 0.899361283
11.970 0.2458 3.318 0.7973 0.899129231
11.970 0.2157 3.322 0.6971 0.896913199
11.975 0.1875 3.343 0.5984 0.890945559
11.980 0.1574 3.351 0.4982 0.885353289
11.980 0.1264 3.358 0.3980 0.882591767
11.980 0.0955 3.364 0.2992 0.879746174
11.990 0.0637 3.363 0.1990 0.876236476
11.990 0.0318 3.361 0.0987 0.870040285
11.990 0.0242 3.358 0.0748 0.865660778
11.990 0.0162 3.357 0.0493 0.852048003
11.990 0.0100 3.358 0.0299 0.837399500
11.990 0.0066 3.358 0.0194 0.823226426
11.990 0.0033 3.358 0.0090 0.763818333

表表 6. Efficiency With 16-V Input

VIN (V) IIN (A) VOUT (V) IOUT (A) η
15.97 0.2338 3.319 0.9963 0.885621110
15.97 0.2109 3.322 0.8976 0.885321429
15.97 0.1878 3.325 0.7974 0.884030761
15.98 0.1662 3.344 0.6971 0.877715074
15.98 0.1438 3.351 0.5984 0.872630426
15.98 0.1206 3.357 0.4982 0.867822651
15.98 0.0969 3.363 0.3980 0.864389310
15.99 0.0731 3.366 0.2992 0.861608273
15.99 0.0488 3.364 0.1990 0.857908119
15.99 0.0244 3.362 0.0987 0.850504414
15.99 0.0186 3.358 0.0747 0.843412213
15.99 0.0124 3.359 0.0493 0.835192862
15.99 0.0077 3.359 0.0299 0.815721677
15.99 0.0051 3.360 0.0194 0.799323106
15.99 0.0026 3.360 0.0089 0.719295714

http://www.ti.com.cn
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3.2.2.2 Thermal

The thermal pictures in 图 7 and 图 8 were taken at a room temperature of 26°C, with a 12-V input, 3.3 V
at 1-A output without airflow.

The hottest point of the design is the TPS561201 at 52.4°C. This is an increase of 26.4°C. Because the
acceptable ambient temperature range is –30°C to 85°C, no heat sink is required for the TIDA-01449 to
function properly.

图图 7. Top-Side Thermal Picture With 12-VIN, 3.3 V
at 1-A Output

图图 8. Bottom-Side Thermal Picture With 12-VIN, 3.3 V
at 1-A Output

http://www.ti.com.cn
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3.2.2.3 Line and Load Regulation Over Temperature

图 9, 图 10, and 图 11 show the output voltage variation, depending load current and input voltage across
–30ºC to 85ºC.

Across all input voltages, output currents, and temperature conditions, the output voltage varies between
3.38 and 3.29 V. This is 2.72% of the output voltage, which is below the initial target of ±3%.

图图 9. Line and Load Regulation at 85ºC 图图 10. Line and Load Regulation at 23ºC

图图 11. Line and Load Regulation at –30ºC

http://www.ti.com.cn
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表 7, 表 8, and 表 9 list the details of the line and load regulation over temperature curves shown in 图 9,
图 10, and 图 11.

表表 7. Line and Load Regulation at 85ºC

VIN VOUT IOUT

16 3.318 1.00
16 3.323 0.75
16 3.354 0.50
16 3.356 0.25
16 3.352 0.10
16 3.350 0.01
12 3.310 1.00
12 3.318 0.75
12 3.349 0.50
12 3.354 0.25
12 3.350 0.10
12 3.348 0.01
8 3.294 1.00
8 3.302 0.75
8 3.332 0.50
8 3.348 0.25
8 3.345 0.10
8 3.343 0.01

http://www.ti.com.cn
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表表 8. Line and Load Regulation at 23ºC

VIN VOUT IOUT

16 3.319 1.00
16 3.327 0.75
16 3.357 0.50
16 3.365 0.25
16 3.360 0.10
16 3.358 0.01
12 3.312 1.00
12 3.320 0.75
12 3.351 0.50
12 3.363 0.25
12 3.359 0.10
12 3.356 0.01
8 3.297 1.00
8 3.305 0.75
8 3.334 0.50
8 3.356 0.25
8 3.354 0.10
8 3.352 0.01

表表 9. Line and Load Regulation at –30ºC

VIN VOUT IOUT

16 3.336 1.00
16 3.346 0.75
16 3.366 0.50
16 3.382 0.25
16 3.378 0.10
16 3.375 0.01
12 3.319 1.00
12 3.327 0.75
12 3.360 0.50
12 3.379 0.25
12 3.377 0.10
12 3.373 0.01
8 3.304 1.00
8 3.311 0.75
8 3.342 0.50
8 3.371 0.25
8 3.372 0.10
8 3.368 0.01

http://www.ti.com.cn
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3.2.2.4 Output Voltage Ripple

The output voltage ripple remains below 75 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 23ºC 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.

图图 12. Output Voltage Ripple at 1-A Output Load 图图 13. Output Voltage Ripple at 10-mA Output Load

图图 14. Output Voltage Ripple at No Load Output

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD94.pdf


Hardware, Testing Requirements, and Test Results www.ti.com.cn

16 ZHCU301–August 2017

TIDUD94 — http://www-s.ti.com/sc/techlit/TIDUD94
版权 © 2017, Texas Instruments Incorporated

效率高达 90% 且具有成本效益的 3.3V、1A 双层 TO-220 LDO 替代产品参考
设计

3.2.2.5 Transient Response

The transient response is below ±165 mV for load steps between 10 mA and 1 A, which are the design
requirements (±5%).

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/μs slew rate.

图图 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 23ºC 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-01449 design takes 1.5 ms to provide 3.3 V at the output after the EN pin is enable. The output
voltage is reached without overshoot.

http://www.ti.com.cn
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图图 16. Start-up at 12-V Input and 1-A Output Load 图图 17. Shutdown at 12-V Input and 1-A Output Load

http://www.ti.com.cn
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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 (图 18)
and 100 mV/div (图 19). The lower curve (2) is the output current with the current probe of 100 mV/A with
200 mV/div.

As shown in 图 18 and 图 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.

图图 18. Overcurrent Protection 图图 19. Short-Circuit Protection

http://www.ti.com.cn
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3.2.2.8 Overvoltage Test

The overvoltage protection is tested by applying 3.65 V at the output of the TIDA-01449 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-01449 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.

图图 20. Overvoltage Protection From 3.3 to 3.65 V 图图 21. Overvoltage Protection From 3.65 to 3.3 V

3.2.2.9 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 was measured at 2.3 μA.

The no-load current was measured with an ammeter at 23°C room temperature with a 12-V input voltage,
with the enable setting resistors (R2 and R5) populated and no load attached at the output. The no-load
current was measured at 414 μA.

http://www.ti.com.cn
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3.2.2.10 EMC Tests

The TIDA-01449 TI Design has been tested for EMI according to EN55022 Class B conducted and
radiated emissions. The EMC tests were performed by CSA Group Bayern GmbH (Germany).

3.2.2.10.1 Conduction Emission

图图 22. Conducted Emission Test Setup

http://www.ti.com.cn
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The board passed the conducted emission test with more than 4 dB of margin.

图图 23. Conducted Emission Test Result With Filter (Wire +)

http://www.ti.com.cn
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图图 24. Conducted Emission Test Result With Filter (Wire –)

表表 10. Conducted Emission Test Result With Filter

FREQ
(MHz) SR QP (dBµV) MARGIN

(dB) LIMIT (dB) AV (dBµV) MARGIN
(dB) LIMIT (dB) LINE CORR

(dB)

0.1590 1 37.24 28.28 65.52 27.50 28.02 55.52 Wire +
Measure 10.21

0.1635 1 37.24 28.05 65.28 30.23 25.05 55.28 Wire +
Measure 10.21

0.2175 1 31.03 31.88 62.91 23.24 29.67 52.91 Wire +
Measure 10.22

0.2220 1 30.93 31.82 62.74 24.28 28.46 52.74 Wire +
Measure 10.22

0.3315 2 26.26 33.16 59.41 18.42 30.99 49.41 Wire +
Measure 10.23

0.3675 2 24.78 33.78 58.56 11.96 36.60 48.56 Wire +
Measure 10.23

0.5565 2 41.44 14.56 56.00 41.54 4.46 46.00 Wire +
Measure 10.24

0.6450 3 21.60 34.40 56.00 11.74 34.26 46.00 Wire +
Measure 10.24

0.6810 3 22.51 33.49 56.00 11.23 34.77 46.00 Wire +
Measure 10.24

1.1085 3 33.18 22.82 56.00 33.48 12.52 46.00 Wire +
Measure 10.24

1.6635 4 34.06 21.94 56.00 34.35 11.65 46.00 Wire +
Measure 10.26

2.2170 4 30.58 25.42 56.00 30.74 15.26 46.00 Wire +
Measure 10.28

2.7735 5 32.77 23.23 56.00 32.75 13.25 46.00 Wire +
Measure 10.31

4.4385 5 34.40 21.60 56.00 34.36 11.64 46.00 Wire +
Measure 10.39

6.6540 6 34.95 25.05 60.00 35.14 14.86 50.00 Wire +
Measure 10.51

8.3190 6 35.49 24.51 60.00 35.59 14.41 50.00 Wire +
Measure 10.64

http://www.ti.com.cn
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表表 10. Conducted Emission Test Result With Filter (continued)
FREQ
(MHz) SR QP (dBµV) MARGIN

(dB) LIMIT (dB) AV (dBµV) MARGIN
(dB) LIMIT (dB) LINE CORR

(dB)

10.5360 7 32.54 27.46 60.00 32.49 17.51 50.00 Wire +
Measure 10.66

14.4195 7 31.12 28.88 60.00 30.86 19.14 50.00 Wire +
Measure 10.96

22.1835 8 29.27 30.73 60.00 27.37 22.63 50.00 Wire +
Measure 11.48

22.7370 8 28.41 31.59 60.00 25.34 24.66 50.00 Wire +
Measure 11.52

29.9505 8 33.25 26.75 60.00 30.44 19.56 50.00 Wire +
Measure 11.79

29.9550 8 32.26 27.74 60.00 27.89 22.11 50.00 Wire +
Measure 11.79

0.1500 9 38.49 27.51 66.00 28.77 27.23 56.00 Wire –
Measure 10.21

0.1635 9 36.88 28.41 65.28 30.15 25.14 55.28 Wire –
Measure 10.21

0.2220 9 30.68 32.06 62.74 23.85 28.89 52.74 Wire –
Measure 10.22

0.3045 10 24.95 35.17 60.12 12.41 37.71 50.12 Wire –
Measure 10.23

0.3315 10 25.65 33.77 59.41 18.03 31.39 49.41 Wire –
Measure 10.23

0.5565 10 40.26 15.74 56.00 40.28 5.72 46.00 Wire –
Measure 10.24

0.6585 11 21.86 34.14 56.00 11.46 34.54 46.00 Wire –
Measure 10.24

0.7035 11 21.67 34.33 56.00 9.77 36.23 46.00 Wire –
Measure 10.24

1.1085 11 21.56 34.44 56.00 21.76 24.24 46.00 Wire –
Measure 10.24

1.6635 12 33.34 22.66 56.00 33.62 12.38 46.00 Wire –
Measure 10.26

2.2170 12 25.73 30.27 56.00 25.76 20.24 46.00 Wire –
Measure 10.28

3.3270 13 32.55 23.45 56.00 32.72 13.28 46.00 Wire –
Measure 10.33

3.8850 13 29.53 26.47 56.00 29.34 16.66 46.00 Wire –
Measure 10.36

5.5470 14 30.60 29.40 60.00 30.75 19.25 50.00 Wire –
Measure 10.44

8.3190 14 33.56 26.44 60.00 33.55 16.45 50.00 Wire –
Measure 10.64

13.3125 15 29.28 30.72 60.00 29.10 20.90 50.00 Wire –
Measure 10.87

16.6425 15 30.04 29.96 60.00 28.48 21.52 50.00 Wire –
Measure 11.32

22.7415 16 29.95 30.05 60.00 28.67 21.33 50.00 Wire –
Measure 11.52

29.9505 16 31.58 28.42 60.00 28.37 21.63 50.00 Wire –
Measure 11.79

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.
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图图 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.

图图 26. Radiated Emission 3-m Prescan Test Horizontal Polarization

http://www.ti.com.cn
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图图 27. Radiated Emission 3-m Prescan Test Vertical Polarization
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表表 11. Radiated Emission 3-m Prescan List of Critical Points

FREQ
(MHz) SR PK

(dBµV/m)
LIMIT QP
(dBµV/m)

MARGIN
(dB)

ANGLE
(°) POLARIZATION CORR

48.236 1 20.65 40.00 –19.35 129.50 Horizontal polarization –5.39
73.262 1 20.94 40.00 –19.06 109.40 Horizontal polarization –8.85

141.550 1 21.58 40.00 –18.42 299.40 Horizontal polarization –6.24
307.905 1 27.82 47.00 –19.18 139.30 Horizontal polarization –4.72
557.195 1 30.21 47.00 –16.79 239.40 Horizontal polarization 1.00
861.290 1 43.83 47.00 –3.17 319.40 Horizontal polarization 5.74
554.091 2 27.85 47.00 –19.15 190.70 Vertical polarization 0.41
855.858 2 41.77 47.00 –5.23 210.70 Vertical polarization 5.28

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

图图 28. Radiated Emission 10-m Test Setup

During the scan, the board passes the radiated emission test with more than 4 dB of margin.
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图图 29. Radiated Emission 10-m Test Result

表表 12. Radiated Emission 10-m Test Result

FREQ
(MHZ)

READING
VERT

(dBµV)

READING
HOR

(dBµV)

CORRECT
VERT
(dB/m)

CORRECT
HOR (dB/m)

LEVEL VERT
(dBµV/m)

LEVEL HOR
(dBµV/m)

LIMIT
(dBµV/m) DLIMIT (dB)

30.00 5.5 4.8 13.2 13.2 18.7 18.0 30.0 –11.3
37.30 6.7 5.3 14.2 14.2 20.9 19.5 30.0 –9.1
48.23 7.2 7.1 14.5 14.5 21.7 21.6 30.0 –8.3
57.93 5.1 4.8 14.3 14.3 19.4 19.1 30.0 –10.6
73.26 6.2 7.9 10.3 10.3 16.5 18.2 30.0 –11.8
83.86 5.9 6.6 10.6 10.6 16.5 17.2 30.0 –12.8

137.31 13.7 8.7 10.2 10.2 23.9 18.9 30.0 –6.1
141.55 5.4 5.4 10.1 10.1 15.5 15.5 30.0 –14.5
176.85 5.1 5.0 11.6 11.6 16.7 16.6 30.0 –13.3
250.35 5.5 6.5 15.2 15.2 20.7 21.7 37.0 –15.3
276.05 7.1 8.1 16.0 16.0 23.1 24.1 37.0 –12.9
307.90 6.5 6.6 17.0 17.0 23.5 23.6 37.0 –13.4
514.50 9.1 7.0 22.0 22.0 31.1 29.0 37.0 –5.9
557.19 7.5 6.8 22.8 22.8 30.3 29.6 37.0 –6.7
577.39 8.0 7.0 23.2 23.2 31.2 30.2 37.0 –5.8
613.69 7.0 9.0 23.8 23.8 30.8 32.8 37.0 –4.2
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01449.

4.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-01449.

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 was slightly enlarged to allow the tests of several inductors.

图图 30. Top Layer
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图图 31. Bottom Layer (Flipped)

4.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-01449.

4.4 Altium Project

To download the Altium project files, see the design files at TIDA-01449.

4.5 Gerber Files

To download the Gerber files, see the design files at TIDA-01449.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01449.

5 Related Documentation
1. Texas Instruments, Understanding Buck Power Stages In Switchmode Power Supplies, Application

Report (SLVA057)
2. Texas Instruments, Layout Tips for EMI Reduction in DC / DC Converters, AN-2155 Application Report

(SNVA638)
3. Texas Instruments, Simple Success With Conducted EMI From DCDC Converters, AN-2162

Application Report (SNVA489)
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