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TPS566250 4.5-V to 17-V Input, 6-A Synchronous Step-Down Converter With Vp Control

1 Features

N

4

vour>

Integrated FETs Optimized for Lower Duty Cycle
Applications

— 44 mQ (High Side) and 23 mQ (Low Side)

Output Voltage Range: 0.6 V to 1.87 V with
5.5-mV Feedback Voltage Step

Vo Control with Multibyte Interface with
Read-Back

+1% Output Voltage at 25°C for V,p Control at
12V V! 11V Vour

D-CAP2™ Control Mode

Advanced Eco-mode™ for High Efficiency at Light
Load and Low Output Voltage Ripple

650-kHz Switching Frequency

Fixed Soft Start: 1 ms

Monotonic Pre-Biased Soft Start
Hiccup Timer for Overload Protection

Applications

Media Processors for Consumer Applications:
Digital TVs, Set Top Boxes

System On-Chip Power

High Density Power Distribution Systems

Simplified Schematic

EN VIN
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2
FB BOOT 7—{

SCL GND

PowerP AD

3 Description

The TPS566250 is a synchronous buck converter that
enables system designers to complete the suite of
various end equipment’s power bus regulators with a
cost effective, low component count and low standby
current solution.

After the initial power-up, the output voltage can be
changed by codes sent to the IC via an I°C
compatible V|5 Control bus.

The main control loops of the TPS566250 use the D-
CAP2™ mode control which provides a fast transient
response  with no  external  compensation
components. The adaptive on-time control supports
seamless transition between PWM mode at higher
load conditions and Advanced Eco-mode™ operation
at light loads. Advanced Eco-mode™ allows the
TPS566250 to maintain high efficiency during lighter
load conditions. The TPS566250 is able to adapt to
both low equivalent series resistance (ESR) output
capacitors such as POSCAP or SP-CAP, and ultra-
low ESR, ceramic capacitors.

The device offers on chip overcurrent, undervoltage
lockout and thermal shutdown protection.

Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
TPS566250 HSOP (8) 4.90 mm x 3.90 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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6 Pin Configuration and Functions

TPS566250
8-Pin DDA
(Top View)
EN VIN
‘f 77777777 !
|
2] FB | BOOT [7]
| |
" PowerPAD |
[ \
5] SDA - swlel
[ \
I |
[ |
4] sCL GND [5]

Pin Functions

PIN
1/0 DESCRIPTION
NAME NO.
Supply input for high-side NFET gate drive circuit. Connect 0.1-uF ceramic capacitor between VBST
BOOT 7 lfe} .
and SW pins.
EN 1 | Enable input control. Pull High to enable converter.
FB 2 | Converter feedback input. Connect to output voltage with resistor divider.
GND 5 - Power ground
SCL 4 /0 Clock I/O terminal.
SDA 3 /0 Data I/O terminal.
SW 6 1/0 Switch node connections for both the high-side NFET and low-side NFET.
VIN 8 | Input voltage supply pin.
PowerPAD™ _ _ Thermal pad of the package. Must be soldered down to operate normally and achieve appropriate
power dissipation. Connect sensitive FB returns to GND at a single point.
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) ® @
MIN MAX UNIT
VIN, EN -0.3 19
BOOT -0.3 25
BOOT (10ns transient) -0.3 27
Input voltage range BOOT (vs SW) -0.3 6.5 \%
FB, SDA, SCL -0.3 3.6
SW -2 19
SW (10ns transient) -3.5 21
Operating Junction temperature, T; -40 150 °C
Storage temperature, Tstg -55 150 °C

(1) 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.
(2) All voltages are with respect to IC GND terminal.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
V(Esp) Electrostatic discharge Charg(ze)d—device model (CDM), per JEDEC specification JESD22- +500 \Y
C101 -

(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.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply input voltage range 4.5 17
BOOT -0.1 23
BOOT (10 ns transient) -0.1 26
BOOT (vs SW) -0.1 6
Vin \%
Input voltage range EN -0.1 17
FB, SDA, SCL -0.1 3.3
SW -1.8 17
SW (10 ns transient) -3.5 20
T, Operating junction temperature range -40 150 °C
7.4 Thermal Information
THERMAL METRIC® TPS566250 UNIT
DDA (8)
Regia Junction-to-ambient thermal resistance 42.1
Reictop Junction-to-case (top) thermal resistance 55.7
Ress Junction-to-board thermal resistance 24.9 .
Wit Junction-to-top characterization parameter 9.5 cw
Wi Junction-to-board characterization parameter 24.9
Reichot Junction-to-case (bottom) thermal resistance 35

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics

Over operating junction temperature range, V,y = 12 V (Unless otherwise noted)

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNIT
SUPPLY VOLTAGE
Iin VIN supply current Ta=25°C,EN =5V, FB = 0.7 V (non switching) 450 525 HA
lviNsDN) VIN shutdown current To=25°C,EN=0V 6.5 10 HA
LOGIC THRESHOLD
VenH) EN H-level threshold voltage 1.1 1.6 Y
Veny EN L-level threshold voltage 0.6 0.94 \%
Hystersis 160 mV
Reeny EN pin resistance to GND Vien =12V 225 350 800 kQ
FEEDBACK VOLTAGE
Ta =0°C to 85°C
Vour = 1.1V, Upper/lower feedback resistors: -1.6% 0 1.6%
1.37 kQ/1.65 kQ
Vie) FB voltage T = 25°C, Vour = 1.1V, loyr = 10 mA, pulse 0.606 v
skipping ’
Ta = 25°C, Vour = 1.1V, continuous current mode 0.594 0.6  0.606 \%
MOSFET
IDS(onH High side switch resistance BOOT - SW =55V 44 74 mQ
IDsn)L Low side switch resistance Viy=12V 23 35 mQ
Discharge FET 200 Q
ON-TIME TIMER CONTROL
fsw Switching frequency Lour =1.5 pH, Coyr =22 pF x 2, Vour = 1.1 V 650 kHz
CURRENT LIMIT
Valley current limit Lour =15 pH, Vour = 1.1V, Vy =12V 7.6 9.5 11.4 A
loc Reverse valley current limit Lour = 1.5 uH, Vour = 1.1V 15 45 7] A
OUTPUT UNDERVOLTAGE PROTECTION
Ve Output UVP trip threshold UVP detect (H > L) 65%
THERMAL SHUTDOWN
Shutdown temperature® 165 °C
Tspn Thermal shutdown Threshold
Hysteresis® 15 °C
UvLO
V) rising voltage 3.26 3.75 4.05 \Y
UVLO UVLO Threshold
Hysteresis V) voltage 0.13 0.33 0.48 Y
PGOOD VIA I2C
FB falling (fault) Vo = 1.1V 80%
FB rising (good) Vo = 1.1 V 85%
V(pcooptHy  PGOOD threshold —
FB rising (fault) Vo = 1.1 V 125%
FB falling (good) Vo = 1.1V 120%
SERIAL INTERFACE® @ ®
Vi LOW level input voltage 0.6 Y
Viy HIGH level input voltage 1.85 \%
Vhys Hysteresis of schmitt trigger inputs 0.11 \%
VoL LOW IeveI‘ output vo_ltage 0.4 Vv
(Open drain, 3 mA sink current)
fscL SCL clock frequency 400 kHz
Cb Capacitive load for each bus line 400 pF
(1) Specified by design. Not production tested.
(2) Refer to Figure 1 for I°C Timing Definitions
(3) Cb = capacitance of bus line in pF
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7.6 Timing Requirements

MIN TYP MAX UNIT

ON-TIME TIMER CONTROL
ton SW On time Vn=12V,Vour=1.1V 165 ns
tof SW Minimum off time To=25°C,FB=0.5V 275 325 ns
SOFT START
tss Soft start time Internal soft start time 0.7 1 1.3 ms
OUTPUT UNDERVOLTAGE PROTECTION
tuveper) | Hiccup delay time (power into short) 1.3 ms
tuveeny | Hiccup off time before restart 10 ms
SERIAL INTERFACE® @ @
tsp) Elltjéfe width of spikes suppressed by input 32 ns
tp;sTa) | Hold time (repeated) START condition. 0.6 us
tLow LOW period of SCL clock 1.3 ps
tHiGH HIGH period of SCL clock 0.6 us
tisu;sta) | Set-up time for a repeated START condition 0.6 us
tp;paty | Data Hold time 50 900 ns
tisupaty | Data set-up time 100 ns
t, Rise time (SDA or SCL) 20+0.1Ch® 300 ns
t Fall time (SDA or SCL) 20+0.1Ch® 300 ns
tsu;sTo) | Set-up time for STOP condition 0.6 us
teup Bus frgae time between STOP and START 13 us

condition

(1) Specified by design. Not production tested.

(2) Refer to Figure 1 below for I2C Timing Definitions

(3) Cb = capacitance of bus line in pF

v
[V
son 1\ v
i ) \
i ! T tLow tr
Lo
scL 1| |
L
- f
s | HDSTA ‘HD DAT  'HIGH
Figure 1. 1°C Timing Definitions (reproduced from Phillips I1°C spec Version 1.1)
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7.7 Typical Characteristics
Vin =12V, T, = 25 °C, unless otherwise specified.

Output Current (A)

Figure 6. Switching Frequency vs Output Current
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Figure 7. Feedback Voltage vs Junction Temperature
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Typical Characteristics (continued)

Vv =12V, T, = 25 °C, unless otherwise specified.
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Figure 8. Soft Start Time vs Junction Temperature Figure 9. HS and LS rpg(n Vs Junction Temperature
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Figure 10. Input Voltage UVLO vs Junction Temperature Figure 11. Current Limit vs Junction Temperature
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Figure 12. Current Limit vs Input Voltage
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8 Detailed Description

8.1 Overview

The TPS566250 is a synchronous step-down (buck) converter with two integrated N-channel MOSFETSs for each
channel. It operates using D-CAP2™ control mode. The fast transient response of D-CAP2™ control reduces the
required output capacitance required to meet a specific level of performance. The output voltage of the device
can be set by either FB with divider resistors and I1°C compatible interface.

8.2 Functional Block Diagram

VREG5 VREG5S
\ 4
EN
EN [1}—>| . »EN UvLO
Logic
VREG5
Iij oV t—8] VIN
EN J -35% —{-
VREG5
Control Logic —|7 BOOT
FB 2}— 1
+PWM 4|E
1 shot|
XgON +—T] sw
Start
GND
DAC k]
VREF +H—SwW J7
zC
A -—PGND

L
7 bits
ocpP sw
SDA [3 Serial EN VALLEY CURRENT LIMIT PowerPAD
Interface
4

scL i . ]

Chip ADDR v
_ p PGOOD
0110001 Protection COMPARATOR
UVLO M| Logic INPUT p

TSD
PG_UV

8.3 Feature Description

8.3.1 PWM Operation

The main control loop of the TPS566250 is an adaptive on-time pulse width modulation (PWM) controller that
supports a proprietary D-CAP2™ mode control. D-CAP2™ control combines constant 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 when the internal
timer expires. This timer is set by the converter’s input voltage, V,y, and the output voltage, Voyr, to maintain a
pseudo-fixed frequency over the input voltage range hence it is called adaptive on-time control. The timer is reset
and the high-side MOSFET is turned on again when the feedback voltage falls below the nominal output voltage.
An internal ramp is added to the reference voltage to simulate output voltage ripple, eliminating the need for ESR
induced output ripple from D-CAP2™ mode control.
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Feature Description (continued)
8.3.2 PWM Frequency and Adaptive On-Time Control

TPS566250 uses an adaptive on-time control scheme and does not have a dedicated on board oscillator. The
device runs with a pseudo-constant frequency of 650 kHz by using the input voltage and output voltage to set the
on-time timer. The on-time is inversely proportional to the input voltage and proportional to the output voltage,
therefore, when the duty ratio is Vou1/V|n, the switching frequency is constant.

8.3.3 Soft Start and Pre-Biased Soft Start

The TPS566250 has an internal 1 ms soft-start. When the EN pin becomes high, internal soft-start function
begins ramping up the reference voltage to the PWM comparator. The device contains a unique circuit to prevent
sinking current from the output during startup if the output is pre-biased. When the soft-start commands a voltage
higher than the pre-bias level (internal soft start becomes greater than feedback voltage FB), the controller slowly
activates synchronous rectification by starting the first low side FET gate driver pulses with a narrow on-time. It
then increments that on-time on a cycle-by-cycle basis until it coincides with the time dictated by (1-D), where D
is the duty cycle of the converter. This scheme prevents the initial sinking of the pre-bias output, and ensure that
the out voltage (Vout) starts and ramps up smoothly into regulation and the control loop is given time to transition
from output pre-biased startup to normal mode operation.

8.3.4 Overcurrent Protection

The output overcurrent protection (OCP) is implemented using a cycle-by-cycle valley detect control circuit. The
switch current is monitored by measuring the low-side FET switch voltage between the SW pin and GND. 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 V|,
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 loyt. The device constantly
monitors the low-side FET switch voltage, which is proportional to the switch current, during the low-side on-time.
If the measured voltage is above the voltage proportional to the current limit, the converter maintains the low-side
switch on until the measured voltage is below the voltage corresponding to the current limit at which time the
switching cycle is terminated and a new switching cycle begins. In subsequent switching cycles, the on-time is
set to a fixed value and the current is monitored in the same manner. If the overcurrent condition exists for 7
consecutive switching cycles, the internal OCL threshold is set to a lower level, reducing the available output
current. When a switching cycle occurs where the switch current is not above the lower OCL threshold, the
counter is reset and the OCL limit is returned to the higher value.

There are some important considerations for valley overcurrent protection. The average load current is half the
peak-to-peak inductor current plus the valley overcurrent threshold during current limit. The output voltage falls
as the demanded load current exceeds the current limit. When the FB voltage becomes lower than 65% of the
target voltage, the UVP comparator detects it and the Hiccup sequence is initiated. After 10 ps detecting the UVP
voltage, device shuts down and re-starts after the hiccup time.

When the over current condition is removed, the output voltage returns to the regulated value.

8.3.5 UVLO Protection

Undervoltage lock out protection (UVLO) monitors the voltage of the VIN terminal. When the VIN voltage is lower
than UVLO threshold voltage, the device is shut off. This protection is non-latching.

8.3.6 Thermal Shutdown

TPS566250 monitors the temperature of itself. If the temperature exceeds the threshold value (typically 165°C),
the device is shut off. This is non-latch protection.
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8.4 Device Functional Modes

8.4.1 Auto-Skip Eco-mode™ Control

The TPS566250 is designed with Advanced Eco-mode™ to increase light load efficiency. As the output current
decreases from heavy load condition, the inductor current is also reduced and eventually comes to the where its
ripple valley touches the zero level, which is the boundary between continuous conduction and discontinuous
conduction modes. The rectifying MOSFET is turned off when its zero inductor current is detected. As the load
current further decreases the converter run into discontinuous conduction mode. The on-time is lowered to
reduce the output voltage ripple. The transition point to the light load operation lo,y current can be estimated
with Equation 1 with 650 kHz used as fgy.

1 L VIN-Vo) Vo oy

loy)

8.5 Programming

8.5.1 I%C Interface

The TPS566250 implements a subset of the Phillips I°C specification Ver. 1.1. The TPS566250 is a Slave-Only

(it never becomes a Master, and so never pulls down the SCL pin on the I°C bus). An I°C transaction consists of

either writing a data byte to one of the device internal registers which requires a 3-byte transaction or reading

back one byte from a register which requires a 4-byte transaction. The protocols follow the System Management

Bus (SMBUS) Specification Ver. 2.0 Write Byte and Read Byte protocols. This spec is available on the Internet

for further reading, but the subset implemented in TPS566250 is described as:

* Long-form address modes, multi-byte data transfers and Packet Error Code (PEC) protocols are not
supported in this implementation, though a unique to the TPS566250.

« The I?C interface pins are composed of the SDA (Data) and SCL (Clock) pins. SDA and SCL are designed to
be used with pullup resistors to 3.3 V.

8.5.2 1°C Protocol

8.5.2.1 Input Voltage

Logic levels for 1°C SDA and SCL pins are not fixed. For the TPS566250, a logic “0” (LOW) should be 0 V and a
logic “1” (HIGH) can be any voltage between 2.5 V and 3.3 V. Logic HIGH is generated by external pullup
resistors (see Output Voltage).

8.5.2.2 Output Voltage

the 12C bus has external pullup resistors, one for SCL and one for SDA. These pull up to a voltage called Vpp
which must lie between 2.5 V and 3.3 V. The outputs are pulled down to their logic LOW levels by open-drain
outputs and pulled up to their logic HIGH levels by these external pullups. The pullups must be selected so that
the current into any chip when pulled LOW by that chip’s open drain output (=VDD/RPULLUP) is less than 3 mA.

8.5.2.3 Data Format

One clock pulse on the SCL clock line is generated for each bit of data to be transferred. The data on the SDA
line must be stable during the HIGH period of the SCL clock line. The HIGH or LOW state of the data line can
only change when the clock signal on the SCL line is LOW.

8.5.2.4 START and STOP Conditions

A HIGH to LOW transition on the SDA line while the SCL line is HIGH defines a START condition. A LOW to
HIGH transition on the SDA line while the SCL line is HIGH defines a STOP condition. START and STOP
conditions are always generated by the Master. The bus is considered to be BUSY after the condition. It is
considered to be free again after a minimum of 4.7 uS after the STOP condition.

The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition. START and repeated
START are functionally identical.

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 11
Product Folder Links: TPS566250


http://www.ti.com/product/tps566250?qgpn=tps566250
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCV3B&partnum=TPS566250
http://www.ti.com/product/tps566250?qgpn=tps566250

13 TEXAS
INSTRUMENTS

TPS566250
SLVSCV3B —MARCH 2015—REVISED JUNE 2015 www.ti.com

Programming (continued)

Every byte of data out on the SDA line is 8 bits long. 9 clocks occur for each byte (the additional clock being for
an ACK signal put onto the bus by the device pulling down on the bus to acknowledge receipt of the data). In the
Figure 13 and Figure 14, shaded blocks indicate SDA data generated by the device being sent to the Master I°C
controller, while white blocks indicate SDA data generated by the Master being received by the device. The
Master always generates the SCL signal.

Sending data to the TPS566250 is accomplished using the following 3-byte sequence, referred to as a Write Byte
transaction:

| S l Chip Address lWr l Al Register Address l Al Data Byte l Al P |
SDA "} 0 /ACK\R?lRGRSl RZH R1 l ROIACK\ D7HDGH DSDZH D1 l DO/ACK\_E}_?
é—r;\Slan Condition Stop Condition /7.

Figure 13. A Complete Write Byte Transfer, Adapted From SMBUS Spec

Reading back data from the TPS566250 is accomplished using the following 4-byte sequence, referred to as a
Read Byte transaction:

[s] Chip Address [w]a] Register Address [ Alsr] Chip Address [re]a] Data Byte IBE
SDA 4}: AB[A5]|A4 ASH A1]A0\ O /ACK\R7IR6R3IR21R1IRO/ACKé §A51A4IA3IAZIA1 A0/ 1 ACK\D71D61D5D21D11DOIACK\$

ifE\smn Condition 2,,‘?\Repea|ed Start Stop Condition

Figure 14. A Complete Read Byte Transfer, Adapted From SMBUS Spec

On the TPS566250, the 1°C bus is inactive until:
1. Both SDA and SCL have been at a logic high simultaneously to prevent power sequencing issues.
2. VOUT is in regulation.

Control registers can be written after soft start is complete (1.7 times soft start time).

Until a VOUT command has been accepted, the device output voltage is determined by the external resistor
divider feedback to the FB pin, the initial FB voltage (typically 0.6 V), and the condition of the EN pin.

When the device receives a Chip Address code it recognizes to be its own, it responds by sending an ACK
(pulling down on the SDA bus during the next clock on the SCL bus). If the address is not recognized, the device
assumes that the 1°C message is intended for another chip on the bus, and it takes no action. It disregards data
sent thereafter until the next START is begun.

If, after recognizing its Chip Address, the TPS566250 receives a valid Register Address, it sends an ACK and
prepare to receive a Data Byte to be sent to that Register.

If a valid Data Byte is then received, it sends an ACK and sets the output voltage to the desired value. It is
recommended to readback to verify the output voltage code. When sending data to the Output Voltage register,
the output voltage only changes upon receipt of a valid data byte.

8.5.3 I°C Chip Address Byte

The 7-bit address of the TPS566250 is set at 31h in hex notation (0110001 in binary notation) internally. When
the Master is sending the address as an 8-bit value, the 7-bit address should be sent followed by a trailing O to
indicate this is a WRITE operation.
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8.6 Register Maps

8.6.1 I°C Register Address Byte

The TPS566250 contains 2 customer-accessible registers. Register 0d (Oh) is the output voltage register.
Register 24d (18h) is the power good register

8.6.1.1 Output Voltage Register (offset = 00000000) [reset = Oh]
Register 0d (0h) is the Output Voltage resister.
Figure 15. Output Voltage Register

7 6 5 4 3 2 1 0
Odd Parity VOUT
R/IW R/IW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1. Output Voltage Register

Bit Field Type Reset Description
7 Odd Parity R/W Oh See CheckSum Bit
6:0 VOUT R/W Oh See Table 3

8.6.1.2 Power Good State Register (offset = 00011000) [reset = 18h]
Register 24d (18h) provides the power good state

Figure 16. Power Good State Register

7 6 5 4 3 2 1 0
Tl only PGOOD
R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2. Power Good Register

Bit Field Type Reset Description
7:1 Tl only R Oh Tl only

1 = FB voltage within PGOOD threshold limits
0 PGOOD R 18h 0 = FB Voltage outside PGOOD threshold limits

8.6.2 CheckSum Bit

The CheckSum bit should be set by the Master controller to be the exclusive-OR of the D[6:0] bits (odd parity).
This is used by the TPS566250 to check that a valid data byte was received. If CheckSum is not equal to the
exclusive-OR of these bits, the TPS566250 assumes that an error occurred during the data transmission, nor
does not reset the Vg1 to the received code (or, if the Control register does not reset the register contents as
requested). The Master should try again to send the data.

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: TPS566250


http://www.ti.com/product/tps566250?qgpn=tps566250
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCV3B&partnum=TPS566250
http://www.ti.com/product/tps566250?qgpn=tps566250

13 TEXAS
INSTRUMENTS
TPS566250

SLVSCV3B —MARCH 2015—REVISED JUNE 2015 www.ti.com

8.6.3 Output Voltage Registers

The lower 7 bits of the Output Voltage Register controls the Vqyr of the device. These bits are the 7-bit selector
for one of the output voltages. The default output voltage is 1.1 V, that is 50d (32h)

When the IC powers up, the startup and output voltage regulation conditions are set by the external resistor
divider feedback to the FB pin, the initial FB voltage and the condition of the EN pin. Bringing the EN pin high
begins a soft-start ramp on the regulator.

After applying Vn, VouT comes into regulation and the 12C interface actives.
By default, the device regulates Vot using the external feedback resistors connected to the FB pin and the initial
FB voltage. The user can then program Vg1 by writing any Vot code.

Table 3. Ideal Voyt vs VOUT [6:0] Code
(Upper/lower Feedback Resistors: 1.37 kQ /1.65 kQ & @

Code Binary Vour Code Binary VOUT Code Binary VOUT Code Binary VOUT
0 0000000 0.60 32 0100000 0.92 64 1000000 1.24 96 1100000 1.56
1 0000001 0.61 33 0100001 0.93 65 1000001 1.25 97 1100001 1.57
2 0000010 0.62 34 0100010 0.94 66 1000010 1.26 98 1100010 1.58
S 0000011 0.63 35 0100011 0.95 67 1000011 1.27 99 1100011 1.59
4 0000100 0.64 36 0100100 0.96 68 1000100 1.28 100 1100100 1.60
5 0000101 0.65 37 0100101 0.97 69 1000101 1.29 101 1100101 161
6 0000110 0.66 38 0100110 0.98 70 1000110 1.30 102 1100110 1.62
7 0000111 0.67 39 0100111 0.99 71 1000111 1.31 103 1100111 1.63
8 0001000 0.68 40 0101000 1.00 72 1001000 1.32 104 1101000 1.64
9 0001001 0.69 41 0101001 1.01 73 1001001 1.33 105 1101001 1.65

10 0001010 0.70 42 0101010 1.02 74 1001010 1.34 106 1101010 1.66
11 0001011 0.71 43 0101011 1.03 75 1001011 1.35 107 1101011 1.67
12 0001100 0.72 44 0101100 1.04 76 1001100 1.36 108 1101100 1.68
13 0001101 0.73 45 0101101 1.05 77 1001101 1.37 109 1101101 1.69
14 0001110 0.74 46 0101110 1.06 78 1001110 1.38 110 1101110 1.70
15 0001111 0.75 47 0101111 1.07 79 1001111 1.39 111 1101111 1.71
16 0010000 0.76 48 0110000 1.08 80 1010000 1.40 112 1110000 1.72
17 0010001 0.77 49 0110001 1.09 81 1010001 1.41 113 1110001 1.73
18 0010010 0.78 50 0110010 1.10 82 1010010 1.42 114 1110010 1.74
19 0010011 0.79 51 0110011 1.11 83 1010011 1.43 115 1110011 1.75
20 0010100 0.80 52 0110100 1.12 84 1010100 1.44 116 1110100 1.76
21 0010101 0.81 53 0110101 1.13 85 1010101 1.45 117 1110101 1.77
22 0010110 0.82 54 0110110 1.14 86 1010110 1.46 118 1110110 1.78
23 0010111 0.83 55 0110111 1.15 87 1010111 1.47 119 1110111 1.79
24 0011000 0.84 56 0111000 1.16 88 1011000 1.48 120 1111000 1.80
25 0011001 0.85 57 0111001 1.17 89 1011001 1.49 121 1111001 1.81
26 0011010 0.86 58 0111010 1.18 90 1011010 1.50 122 1111010 1.82
27 0011011 0.87 59 0111011 1.19 91 1011011 1.51 123 1111011 1.83
28 0011100 0.88 60 0111100 1.20 92 1011100 1.52 124 1111100 1.84
29 0011101 0.89 61 0111101 1.21 93 1011101 1.53 125 1111101 1.85
30 0011110 0.90 62 0111110 1.22 94 1011110 1.54 126 1111110 1.86
31 0011111 0.91 63 0111111 1.23 95 1011111 1.55 127 1111111 1.87

(1) 10-mV output voltage steps can be applied to 1.1-V output voltage setting only.
(2) For other default voltage setting, the output voltage step are shown in Equation 2.
Output Voltage Step = 10 x Target Output Voltage/1.1 mV 2
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8.6.4 Summary of Default Control Bits

8.6.4.1 DAC Settle

When a new Vgt voltage is selected, this happens by setting an internal DAC to a new internal Vgee Voltage. If
this happens instantly, the regulator loop is thrown out of regulation and the DCAP2 loop must respond to bring
the Vout back into regulation at its new chosen value. To reduce Vgyt overshoots (or undershoots) or high
transient input currents due to the internal Vgegr change, There is an analog filter on the DAC output. The filter is
set at 20 ps constant.

8.6.4.2 Operation During V|p Transition

The device temporarily goes into forced CCM mode during V|p transitions for approximately 100 us. This helps
discharge Vgyr during a step down when there is a light load present. The Power Good is masked for
approximately 100 us to prevent a power good flag during the transition.

CONTROL BIT(S) DEFAULT FUNCTION
Vour code, 7 bits VOUT[6:0] + odd parity checksum bit at VOUT[7].
VOUT[7:0] 0110010 Writing a valid code to this register also sets VID Mode. Sending an invalid code
’ (32h) (checksum incorrect) to this register does not change register contents or set
Internal/Enable bits.
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9 Applications and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The devices are synchronous step down DC-DC converters rated at different output currents whose output
voltage can be dynamically scaled by sending commands over an I°C interface. This section discusses the
design of the external components to complete the power supply design by using a typical application as a
reference.

9.2 Typical Application

VIN
4.5V to 17V

VIN

C1 Cc2 C3
10puF | 10uF | O.1pF

8
EN VIN [©
C5 0.1uF
R 2 7 VOUT
FB BOOT
1.65kQ . L1 1.5pH 1.1V 6A
= SDA sw |© VOUT >
VDD A .
scL GND C6 C7
Rp2 | Rpl PowerPAD 22uF | 22uF
SDA l
scL l = -

Figure 17. Typical Application Schematic

Table 4. Components

REFERENCE DESIGNATOR

PART NUMBER

MANUFACTURER

L1 744 314 150 Wurth Electronics
C6, C7 C1210C226K9RACTU Kemet
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9.2.1 Design Requirements
For this design example, use the parameters shown in Table 5.

Table 5. Design Example

DESIGN PARAMETER EXAMPLE VALUE
Input voltage 12V
Output voltage 1.1V
Transient response, 0 A — 6 A load step AVoyt = 5%
Output voltage ripple 25 mv
Input ripple voltage 400 mV
Output current rating 6 A
Operating Frequency 650 kHz

9.2.2 Detailed Design Procedure

9.2.2.1 Output Voltage Resistors Selection

The output voltage is set with a resistor divider from the output node to the FB pin. It is recommended to use 1%
tolerance or better divider resistors. Use 1.37 kQ for R1 and 1.65 kQ for R2.

R2

Vieg) = Vo X — 2
(FB) = Y0 *R1+R2 &)

9.2.2.2 Output Filter Selection

The output filter used with the TPS566250 is an LC circuit. This LC filter has double pole at:
_ 1

Foz— 1
27'5 ”LO X CO (4)

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 selected for the output filter must be selected so that the double pole
of Equation 4 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 Table 6.

Table 6. Recommended Component Values

c4 (pF)® L1 (uH
Vocl)tl;tgpeutv) R1 (k) R2 (k) MIN T(sp) MAX MIN T\((i ) MAX C67 (uF)
1 1.37 1.65 1.5 22-68
1.1 (Default) 1.37 1.65 1.5 22-68
1.2 1.37 1.65 1.5 22-68
1.5 1.37 1.65 1.5 22-68
1.8 1.37 1.65 1.5 22-68
(1) Optional

The inductor peak-to-peak ripple current, peak current and RMS current are calculated using Equation 5,
Equation 6 and Equation 7. 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. For the
calculations, use 500 kHz as the switching frequency, fsy. Make sure the chosen inductor is rated for the peak
current of Equation 6 and the RMS current of Equation 7.

Vo VINwax) — Vo

AILO =
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Al
| =g +—
LPEAK (0] 2 (6)
logrus) = /lo” + iA|L2
12 (7)

The capacitor value and ESR determines the amount of output voltage ripple. The TPS566250 is intended for
use with ceramic or other low ESR capacitors. Recommended values range from 22 pF to 68 pF.

9.2.2.3 Input Capacitor Selection

The TPS566250 requires an input decoupling capacitor and a bulk capacitor depending on the application. A
ceramic capacitor of 10 pF or above is recommended for the decoupling capacitor. Additionally, a 0.1-uF ceramic
capacitor from V|y to GND is also recommended to improve the stability and reduce the SW node overshoots.
The capacitors voltage rating needs to be greater than the maximum input voltage.

9.2.2.4 Bootstrap Capacitor Selection

The 0.1-pF ceramic capacitors must be connected between the BOOT to SW pins for proper operation. It is
recommended to use ceramic capacitors with a dielectric of X5R or better.
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9.2.3 Application Performance Curves

ViN =12V, Vour = 1.1V, Tp = 25°C, unless otherwise specified.

90 100
80 90
70 // 80
- 60 - 70
S S 60
3 %0 3
5 5 0
30 20
20 20
10 10
0 0
0 1 2 3 4 5 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Vin=12V Vour =187V
Figure 18. Efficiency vs Output Current Figure 19. Efficiency vs Output Current
90 90
—
80 p——— 80 ™~
\\
70 70 y
/ e
— 60 / ~ 60 Lot
S & 1
> 50 P 50 ///
8 GC.) ’/
2 40 < 40 v
5 : /
30 30 /,/
20 20 //
10 10
0 0
0 1 2 3 4 5 0.001 0.010 0.100 1.000 10.000
Output Current (A) Load Current (A)
VOUT =06V VOUT =11V
Figure 20. Efficiency vs Output Current Figure 21. Efficiency vs Load Current
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/\ 0.08
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S 5 002| -
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3 02 S 0.00
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3 (]
g 0 5 -0.04
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-0.08
-0.4 -0.10
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Output Current (A) Input Voltage (V)
Figure 22. Load Regulation Figure 23. Line Regulation
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10 Power Supply Recommendations

The devices are designed to operate from an input supply range between 4.5 V and 17 V. This input supply must
be well regulated. If the input supply is located more than a few inches from the TPS566250 device, additional
bulk capacitance may be required in addition to the ceramic bypass capacitors.

11 Layout

11.1 Layout Guidelines
» Keep the input switching current loop as small as possible.

* Keep the SW node as physically small and short as possible to minimize parasitic capacitance and
inductance and to minimize radiated emissions. Kelvin connections should be brought from the output to the

feedback terminal of the device.

» Keep analog and non-switching components away from switching components.
» Make a single point connection from the signal ground to power ground

* Keep the pattern lines for VIN and GND broad.

» Exposed pad of device must be connected to GND with solder.

» Output capacitor should be connected to a broad pattern of the GND.

* Voltage feedback loop should be as short as possible, and preferably with ground shield.

» Kelvin connections should be brought from the output to the feedback terminal of the device.
* Providing sufficient via is preferable for VIN, SW and GND connection.

* PCB pattern for VIN, SW, and GND should be as broad as possible.

* Input capacitors should be placed as near as possible to the

device.

» If possible, it is preferred not to allow switching current to flow under the device

11.2 Layout Example
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12 Device and Documentation Support

12.1 Documentation Support

12.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

D-CAP2, Eco-mode, PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 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.

13.1 Thermal Information

This 8-pin DDA package incorporates an exposed thermal pad that is designed to be directly to an external
heatsink. The thermal pad must be soldered directly to the printed board (PCB). After soldering, the PCB can be
used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached directly to the
appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be attached to a
special heatsink structure designed into the PCB. This design optimizes the heat transfer from the integrated
circuit (IC).

For additional information on the exposed thermal pad and how to use the advantage of its heat dissipating
abilities, see the Technical Brief, PowerPAD™ Thermally Enhanced Package, Texas Instruments Literature No.
SLMAOQ002 and Application Brief, PowerPAD™ Made Easy, Texas Instruments Literature No. SLMAOO4. The
exposed thermal pad dimensions for this package are shown in the following illustration.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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.

Addendum-Page 1
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Orderable Devi S Package Type Package Pins Packag Eco PI Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Sampl
I Drawing Qty @ (6) (3) (4/5)
TPS566250DDA ACTIVE SO PowerPAD DDA 8 75 Green (RoHS CU SN Level-2-260C-1 YEAR  -40to 85 566250
& no Sh/Br)
TPS566250DDAR ACTIVE SO PowerPAD DDA 8 2500 Green (RoHS CU SN Level-2-260C-1 YEAR  -40to 85 566250
& no Sh/Br)
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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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS566250DDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 21 8.0 | 12.0 Q1
Power
PAD

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS566250DDAR SO PowerPAD DDA 8 2500 366.0 364.0 50.0
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MECHANICAL DATA

DDA (R—PDS0O—-G8) PowerPAD MPLASTIC SMALL—QUTLINE

0,51

1,27 T ﬁ r 0 [ ]0,25®)
8 5

:__TFERMAL PAE_-: 0,20 NOM

SIZE AND SHAPE SHOWN 4’00 @
| ON SEPARATE SHEET | 3,80 5,80 /
/
H H H H Gage Plane
1 4]

L |
N
08

\\
)

5,00
4,80

—»

47

1,70 MAX

; e \
Seating Plane 4 \ % // /k

S —

— |J
-

Tt

o
(@3]

o
o
(e

4202561 /F 12/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOOZ2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

F. This package complies to JEDEC MS—012 variation BA

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DDA (R—PDS0O-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

RN

R j/—— Exposed Thermal Pad
|

2,40__|_ I
s |

oo E

1 3,10 4
265 "
Top View

Exposed Thermal Pad Dimensions

4206322-6/L 05/12

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

DDA (R—PDSO—G8)

PowerPAD™ PLASTIC SMALL OUTLINE

(Note E)
4x1,30 — . — 1,27 , | —1,27
RN 0.45 N
solder mask
over copper \ ||l I|l| | L. _ _ 915 |1 (] || | b _
6x90,33 *
y /V///////AV///////////f//[/A) |

%o ® O 3,10 f
2,40 2,95 55 Y 240 5,75

X l

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

0,127mm Thick Stencil Design Example
Reference table below for other
solder stencil thicknesses

Example Solder Mask
Defined Pad
(See Note C, D)

/
/Non Solder Mask Defined Pad
/

e ——

— —
Example Solder Mask Opening
(Note F)
Center Power Pad Solder Stencil Opening
00— |~ Stencil Thickness X Y
f ) \ 0.1mm 33 2.6
29 0.127mm 3.1 2.4
! ’ ~\L 0.152mm 29 2.2
\ f L Pad Geometry 0.178mm 2.8 2.1
\ - / (Note C)
0,07
All Around
~N—— "

4208951-6/D 04/12

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQ02, SLMAQO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric

c metal load solder paste. Refer to IPC—7525 for other stencil recommendations.

PowerPAD is a trad

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
emark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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