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4 Pin Configuration and Functions

Not to scale

B4 4-1. DDC Package 6-Pin SOT Top View

R 4-1. Pin Functions

PIN
TYPE( DESCRIPTION
NAME NO.
GND 1 _ Ground pin Source terminal of low-side power NFET as well as the ground terminal for
controller circuit. Connect sensitive VFB to this GND at a single point.
SW 2 O Switch node connection between high-side NFET and low-side NFET.
VIN 3 | Input voltage supply pin. The drain terminal of high-side power NFET.
VFB 4 | Converter feedback input. Connect to output voltage with feedback resistor divider.
EN 5 | Enable input control. Active high and must be pulled up to enable the device.
VBST 6 o Supply input for the high-side NFET gate drive circuit. Connect 0.1 pyF capacitor between
VBST and SW pins.
(1) 1 =input, O = output
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 3
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5 Specifications
5.1 Absolute Maximum Ratings

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

MIN MAX UNIT
VIN, EN -0.3 19 \
VBST -0.3 25 \
VBST (10 ns transient) -0.3 27 \%
Input voltage VBST (vs SW) -0.3 6 \%
VFB -0.3 6 \Y
SW -2 19 \Y
SW (10 ns transient) -3.5 21 \%
Operating junction temperature, T, —40 150 °C
Storage temperature, Tgig -55 150 °C

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

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Viesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- v
iy 1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

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

MIN NOM MAX| UNIT
VN Supply input voltage range 45 17 \%
VBST -0.1 23
VBST (10 ns transient) -0.1 26
VBST (vs SW) -0.1 5.5
V| Input voltage range EN -0.1 17 \%
VFB -0.1 5.5
S -1.8 17
SW (10 ns transient) -3.5 20
T, Operating junction temperature -40 125 °C
4 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated
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5.4 Thermal Information

TPS56320x
THERMAL METRIC(") DDC (SOT) UNIT
6 PINS
Resa Junction-to-ambient thermal resistance 92.6 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 48.5 °C/W
Reus Junction-to-board thermal resistance 15.5 °C/W
Wyt Junction-to-top characterization parameter 2.5 °C/W
Wi Junction-to-board characterization parameter 15.5 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

note.
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5.5 Electrical Characteristics
T, =-40°C to 125°C, V|y = 12 V (unless otherwise noted)

PARAMETER \ TEST CONDITIONS MIN  TYP  MAX| UNIT |
SUPPLY CURRENT
i Operating —non-switching |\, = ¢\ rent EN =5V, Veg = 0.9V TPS563201 120 200 uA
supply current TPS563208 350 500
l\/INSDN Shutdown supply current V|ncurrent, EN=0V 8 20 MA
LOGIC THRESHOLD
VENH EN high-level input voltage 1.6 \Y
VENL EN low-level input voltage 0.8 \Y
Ren EN pin resistance to GND Ven=15V 600 1500 2400 kQ
len EN pulldown current Ven =15V 1 pA
Veg VOLTAGE AND DISCHARGE RESISTANCE
Vearn Vg threshold voltage (1) Vo =1.05V, Ig = 10 mA, Eco-mode operation 774 mV
Vg threshold voltage Vo = 1.05V, continuous mode operation 749 768 787 mV
V=2 Vg input current Vg =0.8V 0 +0.1 MA
MOSFET
Rps(on)h High-side switch resistance | Tp =25°C, Vgs1—SW =5V 95 mQ
Rpson)l Low-side switch resistance |Ta =25°C 57 mQ
CURRENT LIMIT
loct Current limit DC current, Vour = 1.05 V, Ly = 1.5 pH 3.3 4.2 5.1 ‘ A ‘
THERMAL SHUTDOWN
Teon ;I;?ermal shutdown threshold ShUtdOWT‘ temperature 172 oG
Hysteresis 37
ON-TIME TIMER CONTROL
tORF(MIN) Minimum off time ‘VFB =05V ‘ 220 310‘ ns ‘
SOFT START
Tss Soft-start time ‘ Internal soft-start time ‘ 1.0 ‘ ms ‘
FREQUENCY
Few Switching frequency ‘vm =12V,V5=33V,lp=1A ‘ 580 ‘ kHz ‘
OUTPUT UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
Vuvp Output UVP threshold Hiccup detect (H > L) 65%
Thiccup_wair  Hiccup on time 1.2 ms
Thiccup Re  Hiccup time before restart 10 ms
uvLO
Wake up VIN voltage 3.8 4.3
uvLO UVLO threshold Shutdown VIN voltage 33 34 \%
Hysteresis VIN voltage 0.4

(1)  Not production tested.
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5.6 Typical Characteristics

VN = 12V (unless otherwise noted)
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5.6 Typical Characteristics (continued)

VN = 12V (unless otherwise noted)
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5.6 Typical Characteristics (continued)

VN = 12V (unless otherwise noted)
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6 Detailed Description

6.1 Overview
The TPS563201 and TPS563208 are 3-A synchronous step-down converters. The proprietary D-CAP2 control
scheme supports low ESR output capacitors such as specialty polymer capacitors and multi-layer ceramic

capacitors without complex external compensation circuits. The fast transient response of D-CAP2 control
scheme can reduce the output capacitance required to meet a specific level of performance.

6.2 Functional Block Diagram

EN I:S_l K
] |_3 VIN
Vuve + Hiccup ) VREG5
_va N Control Logic Regulator
+
OVP >————» < UVLO
Vovp -
VFB 4] 1 K
|_6 VBST
Voltage
Reference

Soft Start

%

Turn-On
One Shot g 2:| SwW
VREG5
TSD \I\ |
ocL < ;SI/ ::l
Threshold ocL

], -$I:1 GND
% _
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6.3 Feature Description
6.3.1 Adaptive On-Time Control and PWM Operation

The main control loop of the TPS563201 and TPS563208 is adaptive on-time pulse width modulation (PWM)
controller that supports a proprietary D-CAP2 control scheme. The D-CAP2 control scheme combines adaptive
on-time control with an internal compensation circuit for pseudo-fixed frequency and low external component
count configuration with both low-ESR and ceramic output capacitors. It is stable even with virtually no ripple at
the output.

At the beginning of each cycle, the high-side MOSFET is turned on. This MOSFET is turned off after internal one
shot timer expires. This one shot duration is set proportional to the converter input voltage, VIN, and inversely
proportional to the output voltage, Vo, to maintain a pseudo-fixed frequency over the input voltage range, hence
it is called adaptive on-time control. The one-shot timer is reset and the high-side MOSFET is turned on again
when the feedback voltage falls below the reference voltage. An internal ramp is added to reference voltage to
simulate output ripple, eliminating the need for ESR induced output ripple from D-CAP2 control scheme.
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6.3.2 Pulse Skip Control (TPS563201)

The TPS563201 is designed with advanced Eco-mode to maintain high light load efficiency. As the output
current decreases from heavy load condition, the inductor current is also reduced and eventually comes to point
that its rippled valley touches zero level, which is the boundary between continuous conduction and
discontinuous conduction modes. The rectifying MOSFET is turned off when the zero inductor current is
detected. As the load current further decreases the converter runs into discontinuous conduction mode. The on-
time is kept almost the same as it was in the continuous conduction mode so that it takes longer time to
discharge the output capacitor with smaller load current to the level of the reference voltage. This makes the
switching frequency lower, proportional to the load current, and keeps the light load efficiency high. The
transition point to the light load operation loyT(1) current can be calculated in = 1.

1 . M~ Vour) x Vour

IOUT(LL) =

6.3.3 Soft Start and Pre-Biased Soft Start

The TPS563201 and TPS563208 have an internal 1-ms soft-start. When the EN pin becomes high, the internal
soft-start function begins ramping up the reference voltage to the PWM comparator.

If the output capacitor is pre-biased at startup, the devices initiate switching and start ramping up only after the
internal reference voltage becomes greater than the feedback voltage Vgg. This scheme ensures that the
converters ramp up smoothly into regulation point.

6.3.4 Current Protection

The output over-current limit (OCL) is implemented using a cycle-by-cycle valley detect control circuit. The
switch current is monitored during the OFF state by measuring the low-side FET drain to source voltage. This
voltage is proportional to the switch current. To improve accuracy, the voltage sensing is temperature
compensated.

During the on time of the high-side FET switch, the switch current increases at a linear rate determined by Vin,
Vout, the on-time and the output inductor value. During the on time of the low-side FET switch, this current
decreases linearly. The average value of the switch current is the load current |,. If the monitored current is
above the OCL level, the converter maintains low-side FET on and delays the creation of a new set pulse, even
the voltage feedback loop requires one, until the current level becomes OCL level or lower. In subsequent
switching cycles, the on-time is set to a fixed value and the current is monitored in the same manner.

There are some important considerations for this type of over-current protection. The load current is higher than
the over-current threshold by one half of the peak-to-peak inductor ripple current. Also, when the current is being
limited, the output voltage tends to fall as the demanded load current may be higher than the current available
from the converter. This may cause the output voltage to fall. When the VFB voltage falls below the UVP
threshold voltage, the UVP comparator detects it. And then, the device will shut down after the UVP delay time
(typically 256 us) and re-start after the hiccup time (typically 10 ms).

When the over current condition is removed, the output voltage returns to the regulated value.
6.3.5 Undervoltage Lockout (UVLO) Protection

UVLO protection monitors the internal regulator voltage. When the voltage is lower than UVLO threshold voltage,
the device is shut off. This protection is non-latching.

6.3.6 Thermal Shutdown

The device monitors the temperature of itself. If the temperature exceeds the threshold value (typically 172°C),
the device is shut off. This is a non-latch protection.
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6.4 Device Functional Modes
6.4.1 Normal Operation

When the input voltage is above the UVLO threshold and the EN voltage is above the enable threshold, the
TPS563201 and TPS563208 can operate in the normal switching modes. The TPS563201 and TPS563208
operate at a quasi-fixed frequency of about 580kHz under CCM mode when Tgy extension is not triggered.
When input voltage V|y < 7V and Vgg is lower than internal reference voltage, the switching frequency is allowed
to smoothly drop to make Toy extended to keep output voltage and improve the load transient performance. The
minimum switching frequency is limited to about 200kHz.

6.4.2 Eco-mode Operation

When the TPS563201 and TPS563208 are in the normal CCM operating mode and the switch current falls to 0
A, the TPS563201 begins operating in pulse skipping Eco-mode. Each switching cycle is followed by a period of
energy saving sleep time. The sleep time ends when the VFB voltage falls below the Eco-mode threshold
voltage. As the output current decreases, the perceived time between switching pulses increases.

6.4.3 Standby Operation

When the TPS563201 and TPS563208 are operating in either normal CCM or Eco-mode, they may be placed in
standby by asserting the EN pin low.
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7 Application and Implementation

E
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7.1 Application Information

The devices are typical step-down DC-DC converters. The devices are typically used to convert a higher dc
voltage to a lower dc voltage with a maximum available output current of 3 A. The following design procedure
can be used to select component values for the TPS563201 and TPS563208. Alternately, the WEBENCH
software can be used to generate a complete design. The WEBENCH software uses an iterative design
procedure and accesses a comprehensive database of components when generating a design. This section
presents a simplified discussion of the design process.

7.2 Typical Application

The application schematic in 7-1 was developed to meet the previous requirements. This circuit is available
as the evaluation module (EVM). The sections provide the design procedure.

7-1 shows the TPS563201 and TPS563208 4.5-V to 17-V input, 1.05-V output converter schematics.
||
I

C7 0.1 yF

|||71 GND ves |
VOUT =1.05V/3A L1 > 5 R3 10kQ
{ vouTt YN S\ EN AYAAY EN
22 uH
c9 cs 3 4
_|22pF | 224F — VIN VFB ' AYA%AY vout
T T R1 3.09 kQ
R2 |
10kQ
X /N ca
_]_ tci Pco c3
- 10p 10 0.1u Not Installed A
| VIN I I
VIN=45Vto 17V A Copyright © 2017, Texas Instruments Incorporated
7-1. TPS563201 and TPS563208 1.05-V/3-A Reference Design
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7.2.1 Design Requirements
% 7-1 shows the design parameters for this application.

£ 7-1. Design Parameters

PARAMETER EXAMPLE VALUE
Input voltage range 45t017V
Output voltage 1.05V
Transient response, 1.5-A load step AVout = +5%
Input ripple voltage 400 mV
Output ripple voltage 30 mV
Output current rating 3A
Operating frequency 580 kHz

7.2.2 Detailed Design Procedure
7.2.2.1 Custom Design with WEBENCH® Tools

Click here to create a custom design using the TPS56320x device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WWEBENCH.
7.2.2.2 Output Voltage Resistors Selection

The output voltage is set with a resistor divider from the output node to the VFB pin. Tl recommends to use 1%
tolerance or better divider resistors. Start by using =\ 2 to calculate Vgyr.

To improve efficiency at very light loads consider using larger value resistors, too high of resistance will be more
susceptible to noise and voltage errors from the VFB input current will be more noticeable.

R1
V, = 0.768 x (1 + —j
ouT R2 )

7.2.2.3 Output Filter Selection

The LC filter used as the output filter has double pole at:

1

fP =
2n\Lout * Cour 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°. At the output filter pole frequency, the gain rolls off at a —40
dB per decade rate and the phase drops rapidly. D-CAP2 control scheme introduces a high frequency zero that
reduces the gain roll off to —20 dB per decade and increases the phase to 90° one decade above the zero

14 BFHB TS 70— PN 2 (ZE RSB EPE) 55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS563201 TPS563208
English Data Sheet: SLVSD90


https://www.ti.com/product/jp/TPS563201
http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=sva_web_webdesigncntr_en&HQS=sva-web-webdesigncntr-vanity-lp-en
https://www.ti.com/product/jp/tps563201?qgpn=tps563201
https://www.ti.com/product/jp/tps563208?qgpn=tps563208
https://www.ti.com/jp/lit/pdf/JAJSTY5
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSTY5B&partnum=TPS563201
https://www.ti.com/product/jp/tps563201?qgpn=tps563201
https://www.ti.com/product/jp/tps563208?qgpn=tps563208
https://www.ti.com/lit/pdf/SLVSD90

13 TEXAS

INSTRUMENTS TPS563201, TPS563208
www.ti.com/ja-jp JAJSTY5B — DECEMBER 2015 — REVISED SEPTEMBER 2024

frequency. The inductor and capacitor for the output filter must be selected so that the double pole of = 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. To meet this requirement use the values recommended
in % 7-2.

K 7-2. Recommended Component Values

OUTPUT VOLTAGE | ., (kQ) R2 (kQ) L1 (uH) C8 + C9 (uF)
V) MIN TYP MAX
1 3.09 10.0 15 22 47| 20t068
1.05 3.74 10.0 15 22 47| 20t068
1.2 5.76 10.0 15 2.2 47| 20to68
15 9.53 10.0 15 22 47| 20to68
1.8 13.7 10.0 15 22 47| 20to68
25 22.6 10.0 22 2.2 47| 201068
33 33.2 10.0 22 22 47| 201068
5 54.9 10.0 33 33 47| 201068
6.5 75 10.0 33 33 47| 20to68

The inductor peak-to-peak ripple current, peak current and RMS current are calculated using =\ 4, = 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.

Vour Vinwax) — Vout

lp_p =

ViNmAX) Lo x fsw (4)
[ Sl 4 ep
PEAK = lo 5 (5)
]
| = flo? + —llb_p?
LO(RMS) o * 5P 6)

For this design example, the calculated peak current is 3.5 A and the calculated RMS current is 3.01 A. The
inductor used is a WE 74431122 with a peak current rating of 13 A and an RMS current rating of 9 A.

The capacitor value and ESR determines the amount of output voltage ripple. The TPS563201 and TPS563208
are intended for use with ceramic or other low ESR capacitors. Recommended values range from 20 pF to 68
uF. Use =X 7 to determine the required RMS current rating for the output capacitor.

Vout * (Vin = Vour)
\/ﬁ X V|N X LO X fSW (7)

lcorms) =

For this design two TDK C3216X5R0J226M 22-uF output capacitors are used. The typical ESR is 2 mQ each.
The calculated RMS current is 0.286 A and each output capacitor is rated for 4 A.

7.2.2.4 Input Capacitor Selection

The TPS563201 and TPS563208 require an input decoupling capacitor and a bulk capacitor is needed
depending on the application. Tl recommends a ceramic capacitor over 10 yF 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.
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7.2.2.5 Bootstrap Capacitor Selection

A 0.1-yF ceramic capacitor must be connected between the VBST to SW pin for proper operation. TI
recommends to use a ceramic capacitor.
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7.2.3 Application Curves

louT of TPS563201: 1 A
louT of TPS563208: 10 mA

B 7-4. TPS563201 and TPS563208 Line Regulation

7-5. TPS563

3% 3%
— TPS563201 — TPS563201
—— TPS563208 —— TPS563208
2% 2%
S 1% S 1%
[0 (0]
I % g 4
§ o P oo
§_ § = —
o
3 1% 3 1%
2%, -2%
-3% -3%
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
Output Current (A) Output Current (A)
B 7-2. TPS563201 and TPS563208 Load 7-3. TPS563201 and TPS563208 Load
Regulation, Viy=5V Regulation, Viy =12V
1.055 100%
— TPS563201
1.054 —— TPS563208 90% AR e
80% A -——-\Y
1.053 ° ) AT 1]
s 70% A AT
o 1052 —1 - Y g
8 S 60% /
S 1.051 / 3 / 4y% ,/
z / £ 50% |—
2 105 H
8 40% /
1.049 30% / — Vn=5V
/ — V=9V
1.048 20% 24 Vin=12V
L — V=15V
1.047 10%
4 6 10 12 14 16 18 0.001 0.005 0.02 0.05 0.1 02 05 1 23
Input Voltage (V) Output Current (A)

201 Efficiency

H

Vin = 100 mV/div

]

H

Vour = 100 mV/div

W

1

LX = 5 V/div

|OUT =2 A/div

i L

N

LX =5 V/div

I T

IL = 500 mA/div

800 ns/div

B 7-6. TPS563201 Input Voltage Ripple

20 ps/div
B 7-7. TPS563201 Output Voltage Ripple, 10 mA
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||

VOUT =20 mV/div

VOUT =20 mV/div i

LX = 5 V/div.

S S

IR

)

o) b Lo} e
Y W i

LX=5 V/dlv Sy S
/\\ I = 2 A/div
I. = 500 mA/div . o
1 ps/div 1 ps/div
Eq 7-8. TPS563201 Output Voltage Ripple, loyt = 7-9. TPS563201 Output Voltage Ripple, loy¢ =2 A
0.25 A

" Vour = 10 mV/div

800 ns/div
7-10. TPS563208 Output Voltage Ripple, loyt =0
A

Clour=1Adiv.

100 ps/div

Eq 7-11. TPS563201 Transient Response, 0.1 to 1.5
A

VOUT =20 mV/div- -

Vour = 20 mV/div- -

lour = 1 A/div

lour = 1 A/div

100 ps/div

7-12. TPS563201 Transient Response, 0.75 to
2.25A

100 ps/div
7-13. TPS563208 Transient Response 0.1to 2 A
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V|N: -5 V/dIV ..................
V|N -5 V/dlv 1
Vour = 500 mV/div v@T _ 500 mV/div
e
2 ms/div 400 ps/div
Eq 7-14. TPS563201 Start Up Relative to V| B 7-15. TPS563201 Start-Up Relative to EN
-
Vin =5 V/div Vin = 5 V/div
vOUT _ 500 mV/div Vour = 500 mV/div
10 ms/div 100 ps/div
BJ 7-16. TPS563201 Shutdown Relative to V| Eq 7-17. TPS563201 Shutdown Relative to EN

7.3 Power Supply Recommendations

TPS563201 and TPS563208 are designed to operate from input supply voltage in the range of 4.5V to 17 V.
Buck converters require the input voltage to be higher than the output voltage for proper operation. The
maximum recommended operating duty cycle is 75%. Using that criteria, the minimum recommended input
voltage is Vo / 0.75.

7.4 Layout
7.4.1 Layout Guidelines

1. VIN and GND traces must be as wide as possible to reduce trace impedance. The wide areas are also of
advantage from the view point of heat dissipation.

2. The input capacitor and output capacitor must be placed as close to the device as possible to minimize trace
impedance.

3. Provide sufficient vias for the input capacitor and output capacitor.

4. Keep the SW trace as physically short and wide as practical to minimize radiated emissions.

5. Do not allow switching current to flow under the device.

6. A separate VOUT path must be connected to the upper feedback resistor.

7. Make a Kelvin connection to the GND pin for the feedback path.

8. Voltage feedback loop must be placed away from the high-voltage switching trace, and preferably has
ground shield.

9. The trace of the VFB node must be as small as possible to avoid noise coupling.

10. The GND trace between the output capacitor and the GND pin must be as wide as possible to minimize its

trace impedance.
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7.4.2 Layout Example
[
[ ]
e o
GND
Oe ,
Additional Vias to the
Output Vias to the '\I‘ntdemgl SWr
Capacitor / GND Plane ode oppe\A Bcagi.élTOR
Output O
Inductor O O / _____ __I
‘e’ iy VBST
B I Feedback
O O To Enable 2 Resistors
O [ sw | [ EN ol

Node Copper Capacitor

OO
00 I :
- . VFB
Vias to the
Internal SW / I VI N m
. nput Bypass

SW Node Copper
Pour Area on
Internal
or Bottom Layer

7-18. TPS563201 and TPS563208 Layout
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Development Support
8.1.1.1 Custom Design with WEBENCH® Tools

Click here to create a custom design using the TPS56320x device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
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D-CAP2™ and 7 ¥ A« (L AV )L A E2E™ are trademarks of Texas Instruments.
Blu-ray™ is a trademark of Blu-ray Disc Association.
WEBENCH® is a registered trademark of Texas Instruments.
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9 Revision History

Changes from Revision A (April 2024) to Revision B (September 2024) Page
» Updated specifications in the Electrical Characteristics table ..............cccccuiiiiiiiie e 6
o Updated [X] 5-7 @nd [X] 58 .......couieiieeiiiie ettt ettt ettt et e te et e ereeeteeereeteeareenteeaeeans 7
* Updated the Normal Operation deSCIPHION. ...........uiiii ittt e e e e e e s e e e e e nbee e e e e ennreeaeeeneees 12
Changes from Revision * (December 2015) to Revision A (April 2024) Page
o FRFR2AUMRIRICOIESTE, KBS IROBTE TIEZ THT oo 1
DI 3 o A A== 7 T [0 1V N7 A 2 VY - L SRR 1
o RXa AUREARIZITZ DT WEBENCH TR BN ...ttt et te e ae e 1
R DD B T Tttt R R RS e 1
o T AR RIE D7 A N BRI oottt 1
* Changed VBST (vs SW) and VFB MAX from 6.5 10 B.......ccuuuiiiiiiiiiiee ettt e e st e e s snnneeeeeeanes 4
* Changed Human-body model (HBM) value from 3000 t0 2000...........ccouuiieeiiiiiieeeeiiiiieeeesiieeeeeesieeeeeeseeeeeeeenes 4
* Changed VBST (vS SW) MAX from 6.0 £0 5.5....cci ittt ettt e e et e e e e snbaeeeeeenes 4
» Updated specifications in the Electrical Characteristics table ...............ccccouviiiiiiiiiiii e 6
o UPdated [X] 5-1 @NA [X] 52 ...ttt ettt ettt e et eete et e et e te e te et e eteeeteeteeateenteeaeeans 7
* Updated the Current ProteCtion SECHON..............o.iiii it e e e e e e e e e aareaaees 11

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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10.1 Tape and Reel Information

REEL DIMENSIONS

Reel

Diameter

v

t Reel Width (W1)

TAPE DIMENSIONS

+‘|¢K0 4— P1—|

olo & oo & O & T
o 0 & BOVlV

| |
Cavity *I A0 |¢

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape

P1

Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O

Sprocket Holes

| |
T T
Q1 : Q2 Q1 : Q2
1 7' o R T o (N . .
Q3 | Q4 Q3 | Q4 User Direction of Feed
| % A | v
T T
=
Pocket Quadrants
Package | Package ke o A0 B0 Ko P1 w Pint
Device = eg’ Drawig Pins sPQ Diameter | Width W1 (mm) (mm) (mm) (mm) (mm) e
ypP 9 (mm) (mm)
TPss632010DCR | SOTZ% | poc 6 3000 180.0 8.4 32 32 14 40 8.0 a3
TPss632010DCR | SOT23 | poc 6 3000 180.0 8.4 32 32 14 40 8.0 a3
Tpsseazotonet | SOT2% | ppe 6 250 180.0 8.4 32 32 14 40 8.0 a3
Tpsseazotonet | SOT2% | ppe 6 250 180.0 8.4 32 32 14 40 8.0 a3
TPS563208DDCR | SOT23 | ppe 6 3000 180.0 8.4 32 32 14 40 8.0 Q3
TPS563208DDCR | SOT23 | ppe 6 3000 180.0 8.4 32 32 14 40 8.0 Q3
TpsseazospDeT | S9N | ppe 6 250 180.0 8.4 3.2 3.2 14 40 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS

Device Package Type | Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
TPS563201DDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
TPS563201DDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
TPS563201DDCT SOT-23-THIN DDC 6 250 210.0 185.0 35.0
TPS563201DDCT SOT-23-THIN DDC 6 250 210.0 185.0 35.0
TPS563208DDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
TPS563208DDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
TPS563208DDCT SOT-23-THIN DDC 6 250 210.0 185.0 35.0
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‘ PACKAGE OUTLINE
DDCO0006A ‘ SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

3.05 1.1
255 ~ o7
1.75
) 1.45 r 8] *1
PIN 1—
INDEX AREA - = /T\

o

4x 0"-15"]\
L 0.1
0o TYP

0°-8" TYP L
0.20
012 TP

06 GAGE PLANE
03 TYP

4214841/E 08/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC MO-193.
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EXAMPLE BOARD LAYOUT
DDCO0006A SOT-23 - 1.1 max height
SMALL OUTLINE TRANSISTOR
SYMM
— 6X(1.1) ~—~ ¢
: |
o e R SR
6X (06) ———1- — ‘ | 6
—— 1 L
| |
| ‘ L SYMM
T777\77>77+77777\ 77@
4X (0.95) !
1 ‘ T
S | s
S ‘  A—
e |
= (2.7) =]
LAND PATTERN EXAMPLE
EXPLOSED METAL SHOWN
SCALE:15X
METAL UNDER SOLDER MASK
SOLDER MASK:
SPENG ST METAL SOLDER MASK\ /OPENING
EXPOSED METALKQ 77777 )
EXPOSED METAL e —— ;
J Lom MAX JL 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDERMASK DETAILS
4214841/E  08/2024

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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DDCO0006A

EXAMPLE STENCIL DESIGN
SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
j 6X (1.1) ’f ﬁ
M+ ‘ 4'7
6X (0.6) —t —— - —1 ‘ | 6
[ S
SYMM
e EE
4X(0.95) |
| | |
-—t—-— 4
3 |
S S
(R0.05) TYP / ‘ o ‘7) ‘

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214841/E  08/2024

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS563201DDCR Active Production SOT-23- 3000 | LARGE T&R Yes Call TI'| Sn Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563201DDCR.A Active Production SOT-23- 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563201DDCR.B Active Production SOT-23- 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563201DDCT Active Production SOT-23- 250 | SMALL T&R Yes Call Tl | Sn Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563201DDCT.A Active Production SOT-23- 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563201DDCT.B Active Production SOT-23- 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 3201
THIN (DDC) | 6

TPS563208DDCR Active Production SOT-23- 3000 | LARGE T&R Yes Call Tl | Sn Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

TPS563208DDCR.A Active Production SOT-23- 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

TPS563208DDCR.B Active Production SOT-23- 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

TPS563208DDCT Active Production SOT-23- 250 | SMALL T&R Yes Call TI| Sn Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

TPS563208DDCT.A Active Production SOT-23- 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

TPS563208DDCT.B Active Production SOT-23- 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 3208
THIN (DDC) | 6

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.
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® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE

DDCOOO6A SOT-23 - 1.1 max height
SMALL OUTLINE TRANSISTOR
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12 ]oa[c]
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC MO-193.
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EXAMPLE BOARD LAYOUT
DDCOOO6A SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
- BX(1L1) j— ¢
p 1l — ! —+—
6X (0.6) — —— - —— ‘ \ 6
% L } J i |
|
SYMM
— -
4X (0.95) \
N o R ],
3 ‘ I
|
(R0.05) TYP ‘ ‘
‘ @.7) |

LAND PATTERN EXAMPLE
EXPLOSED METAL SHOWN
SCALE:15X

METAL UNDER SOLDER MASK
ggléEIIIE’\ITGMASK‘\ METAL SOLDER MASK\ /OPENING

, ~

EXPOSED METAL oo
J l‘f 0.07 MAX J L 0.07 MIN

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDERMASK DETAILS
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NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com



EXAMPLE STENCIL DESIGN
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SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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