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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.
12-V Rail 3.3-V Rail
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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-01447 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-01447 design are listed in # 1:
% 1. Key System Specifications
PARAMETER SPECIFICATIONS DETAILS
Input voltage range 6.5t0 17V —
Output voltage and max current 33VatlA —
- . 90%: 12V — 3.3V at 1 A; 91%: 12V — 3.3V at 0.500mA
Efficiency (full load, rated load, and light load) 80%: 12 VV — 3.3V at 10 mA 3221
EMI performance EN55022 class A, >7-dB margin 3.2.2.10
Regulation (line and load) +3% across the input range and load current range 3.2.23
Transient response +3% from 0.1t0 1.0 A 3.2.25
Protections Short-circuit, hiccup mode OCP for both FETs, OTP, OVP 3.2.2.7
Operating ambient temperature -30°C to 85°C 3.2.2.2
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System Overview

2 System Overview

2.1 Block Diagram

VOUTINM
cout I VIN

2.2 Highlighted Products

221 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.

[
TPS561201
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& 2. Block Diagram

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
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» Fixed soft-start: 1.0 ms
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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 =\ 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-01447 and an LDO-based design. The efficiency data for the TIDA-
01447 design can be found in 3.2.2.1. In an LDO, the power to be dissipated can be estimated by =\ 1.

Poissipaten = (Vin = Vour )x lour o
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-01447 and for the LDO-based design.

For 1 A, the efficiency of the TIDA-01447 is 90% (10% loss). With 5 W at the output, 0.5 W are dissipated.
For the LDO-based design, z\. 1 gives 8.7 W to be dissipated by the LDO.

For 500 mA, the efficiency of the TIDA-01447 is 91% (9% loss). With 2.5 W at the output, 0.225 W are
dissipated. This is to be compared with 4.35 W for the LDO.

Finally for 100 mA, 0.0528 W needs to be dissipated for the TIDA-01447 (84% efficiency) versus 0.87 W
for the LDO-based design.
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3. Comparison of Power Dissipated

As shown in [%] 3, the LDO-based design needs to dissipate much more power than the TIDA-01447
design, which impacts both power consumption and cost and size due to the necessity of a heat sink.
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24

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 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 1.1, 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 R5). 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 R5 at 10 kQ and use = 2 to calculate R3.

0.768

2
where:

* R5=10kQ

© Vour=33V

1\ 2 gives R3 = 55.1 kQ. A resistor value of 56.2 kQ is then used for R3. By reversing =\ 2, an effective
output voltage of Vo, = 5.084 V is given.

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

2nLout x Cour @)

Fp

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 Equation 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 = 4, =0 5,
and ={ 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 fqy,.
Make sure the chosen inductor is rated for the peak current of = 5 and the RMS current of = 6.

I VouT 5 VIN(MAX) ~Vour

) VIN(MAX) Lo xfsw ()

s _p

”peak = IO +

®)
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2 1.2
lorms) =4lo + 12 I —p (6)

For this TIDesign, the inductor used is a Coilank ABGO6A28M6R8 (6.8 pH) with a peak current rating of
2.94 A and an RMS current rating of 2.47 A.

An inductor between 3.3 and 4.7 pH is recommended, but during testing, a 6.8 uH inductor shows
improved performance increasing the stability of the whole system. At the same time, C6 (100 pF) is also
added to increase the transient response.

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 =
7 to determine the required RMS current rating for the output capacitor.
o) - \\;(ET x (Vin = Vour)

12 x Vi x Lo x fopy @)

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-pF 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.

For bootstrap capacitor selection, a 0.1-yuF ceramic capacitor must be connected between the VBST to
SW pin for proper operation. Tl recommends to use a ceramic capacitor.

The last step is to select the input filter. Considering the rated input RMS current, this TIDesign uses the
ABGO3A15M6R8 (6.8 uH) with a peak current rating of 0.88 A and an RMS current rating of 0.88 A as the
input inductor and the C3216X5R1E226M160AB (22 uF) as the input capacitor.
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3 Hardware, Testing Requirements, and Test Results
3.1 Required Hardware
311 PCB Overview
A picture of the PCB with the functional blocks is shown in [%] 4.
Enable setting Input n Enable
: put Input
Resistors Capacitors Filter Voltage

Feedback TPS561201 Output Ground Output
Resistors Capacitors Voltage

4. TIDA-01447 PCB With Functional Blocks

3.1.2 Connectors Settings

% 2. Connector Settings

CONNECTOR FUNCTION
J1-1 EN
J1-2 Vin
J1-3 GND
J1-4 Vour
8 3.3V, IACIRPMIEDHEENT=, 2 7L - LA TEIFEIL% DTO-247 LDOFEEE JAJU348-August 2017
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3.2 Testing and Results

3.21 Setup

5 shows the setup and the test equipment used.

5. Picture of Test Setup for TIDA-01447

7 3 lists the test equipment used to test the TIDA-01447.

% 3. Test Equipment

TEST EQUIPMENT PART NUMBER
Oscilloscope Tektronix DPO 3054
Voltage probe Tektronix P6139A
Current probe Tektronix TCP202
Multimeter Fluke 287C
Power supply Agilent E3631A
Electronic load Chroma 63103 and 63102
Thermal camera Fluke TI110
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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 temperature of 28.3°C and with the enable setting resistors (R2 and R4)
not populate, with a 6-V apply to the Enable pin.

Efficiency

100%

95%
o .

90% |5 :ﬁ 3 4 —3

85%

80%

75% — 12V-33V
— 16V-33V
— 8V-33V

70%

0.0 0.2 04 0.6 038 10 1.2

Output Current

X 6. TIDA-01447 Efficiency

3 4, & 5, and % 6 list the details of the efficiency curves shown in [¥] 6.

& 4. Efficiency With 8-V Input

Vin (V) I (MA) Vour (V) lour (MA) n
7.950 0.4743 3.452 0.9962 0.912004689
7.950 0.4255 3.457 0.8975 0.917206542
7.950 0.3766 3.461 0.7973 0.921670992
7.950 0.3283 3.465 0.6971 0.925465664
7.960 0.2813 3.469 0.5984 0.927071190
7.970 0.2342 3.472 0.4982 0.926698004
7.970 0.1877 3.476 0.3980 0.924783869
7.980 0.1405 3.485 0.2992 0.930004727
7.980 0.0950 3.441 0.1990 0.903256826
7.990 0.0469 3.416 0.0987 0.899736611
7.990 0.0361 3411 0.0747 0.883381582
7.990 0.0236 3.415 0.0493 0.892850703
7.995 0.0145 3.415 0.0299 0.880796187
7.995 0.0096 3.414 0.0194 0.862929956
7.995 0.0046 3.413 0.0090 0.835223101

10
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% 5. Efficiency With 12-V Input

Vin (V) I (MA) Vour (V) lour (MA) n
11.96 0.3204 3.4670 0.9963 0.901405669
11.97 0.2881 3.4725 0.8975 0.903731256
11.97 0.2556 3.4770 0.7973 0.906090245
11.97 0.2234 3.4820 0.6971 0.907708768
11.98 0.1922 3.4920 0.5984 0.907518775
11.98 0.1599 3.4920 0.4982 0.908181553
11.98 0.1264 3.4730 0.3980 0.912817512
11.98 0.0965 3.4520 0.2992 0.893404725
11.99 0.0641 3.4410 0.1990 0.890964780
11.99 0.0325 3.4190 0.0987 0.865991660
11.99 0.0243 3.4230 0.0747 0.877610972
11.99 0.0162 3.4220 0.0493 0.868545805
11.99 0.0100 3.4220 0.0299 0.853359466
11.99 0.0066 3.4220 0.0194 0.838916269
11.99 0.0320 3.4210 0.0089 0.079354931
% 6. Efficiency With 16-V Input
Vin (V) I (MA) Vour (V) lour (MA) n
15.97 0.2437 3.474 0.9964 0.889412211
15.97 0.2194 3.480 0.8977 0.891597680
15.97 0.1949 3.485 0.7974 0.892816604
15.98 0.1706 3.487 0.6972 0.891771367
15.98 0.1466 3.502 0.5984 0.894534266
15.98 0.1211 3.483 0.4982 0.896677515
15.98 0.0969 3.484 0.3980 0.895489847
15.98 0.0738 3.457 0.2992 0.877057026
15.99 0.0491 3.442 0.1990 0.872436821
15.99 0.0245 3.424 0.0987 0.862653444
15.99 0.0187 3.425 0.0748 0.856785491
15.99 0.0125 3.425 0.0493 0.844790494
15.99 0.0077 3.425 0.0299 0.831749551
15.99 0.0051 3.424 0.0194 0.814548308
15.99 0.0026 3.423 0.0090 0.741016020
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3.2.2.2 Thermal

The thermal picture in [X| 7 was taken at a room temperature of 28.3°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 59.5°C. This is an increase of 31.2°C. Because the
acceptable ambient temperature range is —30°C to 85°C, no heat sink is required for the TIDA-01447 to
function properly.

4/07/17 S 15:57:32

7. Top-Side Thermal Picture With 12-V,, 3.3 V
at 1-A Output
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3.2.2.3 Line and Load Regulation

8, ¥ 9, and [X] 10 show the output voltage variation, depending on load current, input voltage, and
temperature. Across all input voltages and output currents, the output voltage varies between 3.49 and
3.41 V, well below the +3% that was the initial target.

351 3.50
3.50 3.49 A &
3.49 /.\\ 3.48 T
3.48 /)\k / \>
" /)\ o o 347 //”\\
E 3.47 /// \ S 5’ 3.46 el \
S 34 N S 345 4
2 3.45 2
£ S 344
3 3441 —¢ ‘v/ 3 //
3.43 [/ 3.43
S ly 74
3.42 — 8V 3.42 — 3V
— 12V — 12V
3.41
3'41( — 16V — 16V
3.40 3.40
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Output Current Output Current
8. Line and Load Regulation at 85°C 9. Line and Load Regulation at 23°C
3.50
3.49 <:
3.48 A=
/ ¢
% 3.47 /, /\
S 3.46
2 Vi
3 345
g /
O 344 /
3.43
— 8V
3.42 — 12V
— 16V
3.41
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Output Current
10. Line and Load Regulation at —30°C
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# 7, 7% 8, and % 9 list the details of the regulation curves shown in [¥] 8 and [X] 10.

% 7. Line and Load Regulation at 85°C

Vin Vour lour
16 3.4660 1.00
16 3.4801 0.75
16 3.4850 0.50
16 3.4500 0.25
16 3.4240 0.10
16 3.4100 0.01
12 3.4570 1.00
12 3.4730 0.75
12 3.4970 0.50
12 3.4400 0.25
12 3.4400 0.10
12 3.4070 0.01
8 3.4490 1.00
8 3.4620 0.75
8 3.4730 0.50
8 3.4490 0.25
8 3.4250 0.10
8 3.4250 0.01
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% 8. Line and Load Regulation at 23°C

Vin Vour lour
16 3.4765 1.00
16 3.4895 0.75
16 3.4840 0.50
16 3.4510 0.25
16 3.4240 0.10
16 3.4220 0.01
12 3.4685 1.00
12 3.4810 0.75
12 3.4930 0.50
12 3.4490 0.25
12 3.4190 0.10
12 3.4200 0.01
8 3.4530 1.00
8 3.4630 0.75
8 3.4730 0.50
8 3.4500 0.25
8 3.4150 0.10
8 3.4120 0.01
% 9. Line and Load Regulation at -30°C
VIN VOUT IOUT
16 3.476 1.00
16 3.491 0.75
16 3.478 0.50
16 3.467 0.25
16 3.438 0.10
16 3.432 0.01
12 3.468 1.00
12 3.481 0.75
12 3.485 0.50
12 3.467 0.25
12 3.434 0.10
12 3.431 0.01
8 3.452 1.00
8 3.462 0.75
8 3.470 0.50
8 3.456 0.25
8 3.424 0.10
8 3.422 0.01

JAJU348—-August 2017

3.3V, IATIXNMIHRDOENT=, 227 LAV TEIFI1% DTO-247 LDO{LE

DY T 7L R T A

TIDUDS89 FHAR AN — e HTOIEREREE} http://www-s.ti.com/sc/techlit/ TIDUD89

Copyright © 2017, Texas Instruments Incorporated

15


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD89.pdf

13 TEXAS
INSTRUMENTS

Hardware, Testing Requirements, and Test Results www.tij.co.jp

3.2.2.4  Output Voltage Ripple

The output voltage ripple remains below 30 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 28.3°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 20 mV/div. The lower curve (2) is the switch
node (pin 2 of the TPS561201) with 5 V/div.

. Output Voltage Ripple
Output Voltage Ripple .

Memmumemen | RANANN N

%

'7 SWPin
d . lfion
. X . . . b |
g iggmv\/ " J[I.UU}JS ih/?%sosmftss ?fmn{v ][éijff s g ?ggrva i ][me ﬁ(ﬁé&s ?soé\l J[éﬂ“i =
11. Output Voltage Ripple at 1-A Output Load 12. Output Voltage Ripple at 10-mA Output Load
@ 20.0=m\/ By : ][4.6065 — 25.0M5/s .= 7 ][12 Jun 2017]
@ w0y 1M points 8.80mY 02:43:53
13. Output Voltage Ripple at No Load Output
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3.2.2.5 Transient Response

The transient response is below +10 mV for load steps between 10 mA and 1 A, which are the design
requirements (x3%).

Measurements are done at 28.3°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 10 mV/div. The lower curve (4) is the output
current with 1 A/div. The load step is applied with a 1-A/ms slew rate.

@) Waveform Intensity: 100%
() Graticule Intensity: 100%

Output Voltage

F Tomy e = ][mbn}s — oo @ 7 }[12 T 2017}
& 104 ¢ 1000 points 0.00 ¥ 03:17: 08
14. Transient Response From 10-mA to 1-A Output Load
. .@.Wan.eform Int;ansit.y: — 106%}
) : : {2) Graticule Intensity: 100%
) Output Voltage .
o
. B
F ooy e : ][moﬁs ] o0 o @ ][12 Jin 2017
@ 1004 o 1000 points 0.00 ¥ 03: 16: 36
15. Transient Response From 1-A to 10-mA Output Load
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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.

Measurements are done at 28.3°C room temperature. The upper curve (3) is the EN pin with an
oscilloscope in DC-coupling mode with 2 V/div. The lower curve (2) is the switch node pin signal with an
oscilloscope in DC-coupling mode with 10 V/div. The upper curve (1) is the output voltage with an
oscilloscope in DC-coupling mode with 5 V/div. The lower curve (4) is the output current with 1 A/div.

The TIDA-01447 design takes 1.7 ms to provide 3.3 V. The output voltage is reached without overshoot.

|- Output Voltage

1 SO

SUUULTUUTE FOUUIUUUE FOUD: SO0 000

X : I EN Pin :

AR 1P T

L. A . P
Bf -

@ 20V & 1.00ms T.O0NS /5 I Wi T 2017

@ S0V u 10k peints 4.30 V 00: 25: 23

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

- -Output Voltage -
14
EN Pin .
N o 4
@} :
@ o' v 00 250Mss @ N | 40 2017
@ sV n 10k points 4.30¥ 00: 35: 57

17. Shutdown at 12-V Input and 1-A Output Load
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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 (%] 18)

and 1 V/div (4 19). The lower curve (4) is the output current with 2 A/div.

As shown in [X] 18 and [X] 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,
normally.

[

the device starts

oS @ 7

@ 200V & 2 10.0ms
@& cods 1M points 1.24 ¥

]

20: 16: 22

25 May 2017

)

18. Overcurrent Protection

N

wwwmug\llv

= Ou.tput Voft.ag

e

10.0MS/s @ 25 May 2017
1M points 1.24 ¥

2 10.0ms
@ zoa By

& 19. Short-Circuit Protection

T

20:18: 59

)
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3.2.2.8 Overvoltage Test

The overvoltage protection is tested by applying 6 V at the output of the TIDA-01447 board while the
board is supplied with 12 V and with a 1-A output load.

The upper curve (1) is the output voltage with an oscilloscope in DC-coupling mode with 2 V/div. The
lower curve (2) is voltage at the switch node with 5 V/div.

Output|

Voltage

- (100ms 1.00MS/5 o 25 May 2017
1M points 540m& 20:57: 38

[

20. Overvoltage Protection From 5to 6 V

20

3.3V, IATIXNIEDOEENI=, 2>V LAV TLEFEIL%DTO-247 LDOFLEF JAJU348—-August 2017
DY T 7L R T
TIDUDS89 FHAR AN — e HTOIEREREE} http://www-s.ti.com/sc/techlit/ TIDUD89
Copyright © 2017, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD89.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp Hardware, Testing Requirements, and Test Results

3.2.2.9 Standby and No-Load Currents

The standby current is measured with an ammeter at 26°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 R4) not
populated. The standby current was measured at 1.3 pA.

The no-load current was measured with an ammeter at 26°C room temperature with a 12-V input voltage,
with the enable setting resistors (R2 and R4) populated and no load attached at the output. The no-load
current was measured at 472 pA.

3.2.2.10 EMC Tests

The TIDA-01447 Tl Design has been tested for EMI according to EN55022 Class A conducted emissions.
The EMC tests were performed by the Shanghai Institute of Measurement and Testing Technology
Fundamental Performance Test Centre (China).

21. Conducted Emission Test Setup

JAJU348-August 2017 3.3V, 1A CIXNIEDHE NI, 2>V - LA TEIFIL%DTO-247 LDO L EF 21
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The board pass the conducted emission test with more than 7 dB of margin.

80T
+ I EN-55022.V QP A
70T
60T
> 50T
% L
&
£ 40T V'
K} | L 4 &
>
- 30--
20T
101
0 + + + —t+—+—t + + + + +—t+—+—— + 1
150k 300 400500 800 1M 2M 3M 4M 5M 6 8 10M 20M 30M
Frequency in Hz
EN 55022V QP A EN 55022 VAV A Preview Result 1-PK+
Preview Result 2-AVG * Final Result 1-QPK Final Result 2-CAV
22. Conducted Emission Test Result
% 10. Final Result 1
FREQ QUASIPEAK | MEAS TIME | BANDWIDTH MARGIN
(MH2) (dBpv) ) (KH2) PE LINE | CORR (dB) (dB) LIMIT (dBpV)
0.5495 52.4 1000 9| FLO L1 20.3 20.6 73
1.0940 48.8 1000 9| FLO L1 20.4 24.2 73
1.6430 38.1 1000 9| FLO L1 20.5 34.9 73
2.1920 40.2 1000 9| FLO L1 20.6 32.8 73
2.7410 41.4 1000 9| FLO L1 20.6 31.6 73
3.2855 36.7 1000 9| FLO L1 20.7 36.3 73
& 11. Final Result 2
FREQ AVERAGE MEAS TIME BANDWIDTH MARGIN LIMIT
(MH2) (dBuv) (ms) (kH2) HE LN ) CORIREED | oy (dBuv)
0.5495 52.5 1000 9| FLO L1 20.3 7.5 60
1.0940 48.8 1000 9| FLO L1 20.4 11.2 60
1.6430 37.3 1000 9| FLO L1 20.5 22.7 60
2.1920 39.8 1000 9| FLO L1 20.6 20.2 60
2.7410 41.2 1000 9| FLO L1 20.6 18.8 60
3.2855 35.6 1000 9| FLO L1 20.7 24.4 60
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01447.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01447.
4.3 PCB Layout Recommendations
In switch mode DC/DC, take care to avoid coupling between the different loops to improve performances.
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 was also given 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 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.
S T T --"-"""=\/,- - " "= ~N
Feedback resistor divider, placed away of ) ( Input capacitors, placed close to the |
l high switching signals ) \ input pin
~— e e o o — — —_———
Output capaci \
\_ _ Ouputeepaior
23. Top Layer
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43.1

Layout Prints

To download the layer plots, see the design files at TIDA-01447.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01447.
4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01447.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01447.
5 Related Documentation
1. Texas Instruments, Understanding Buck Power Stages In Switchmode Power Supplies, Application
Report (SLVAQ057)
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)
5.1 M&EZ
D-CAP2 is a trademark of Texas Instruments.
Wi-Fi is a registered trademark of Wi-Fi Alliance.
T RTOEERB L OB ZE N TN A IRBLET,
6 About the Authors
YUAN (JASON) TAO is a systems engineer at Texas Instruments, where he is responsible for developing
reference design solutions for the industrial segment. Yuan brings to this role his extensive experience in
power electronics, high-frequency DC-DC, AC-DC converters, and analog circuit design. Yuan earned his
master of IC design and manufacture from Shanghai Jiao Tong University in 2007.
KEVIN STAUDER is a system engineer in the Industrial Systems team at Texas Instruments, responsible
for developing Tl Designs for industrial applications.
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