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The point-of-load power-tree on video surveillance * 1% Typical output voltage accuracy

systems is optimized with this reference design. This « High system efficiency to 90% at full load
reference design has a high performance on key « Voltage ripple < 60-uV, useful for noise-critical
parameters such as output voltage accuracy, voltage

ripple, and thermal dissipation. This high performance peripherals _ .

is possible with a small board area and low BOM cost.  * Thermal hot spot is < 45°C at full load current
The de_sig_n operates from a 5-V supply commonly « Small PCB real estate

fo_und in video doorbells, IP network cameras, and « Low BOM cost

wireless cameras.
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System Description

Video doorbells provide a set of features common to many traditional video surveillance devices. This
distinguishing feature demands a unique power design to ensure trouble-free operation from the
ubiquitous, but widely-varying, AC doorbell supply. To fully utilize an AC source that presents a substantial
bottleneck, the power design should be as efficient as possible. This design uses TI's new synchronous
buck converters and LDOs providing a complete and customizable supply optimized for video doorbells.
Our newest converters in QFN and SOT-563 packages allow for a supply design that requires minimal
board space and has a low thermal impact—both of which are needed for smaller form factor electronics.
For better compatibility, sequencing is possible for all rails.

IP network cameras have increasing image resolution, processing, and illumination requirements while still
fitting in small enclosures. After stepping down from a mid- to high-voltage DC power source such as plug-
in power or PoE, the system demands point-of-load conversion with high efficiency and a small footprint.
Both efficiency and footprint are important to accommodate small enclosures with, typically, less-than-
adequate ventilation. This design is optimized for both efficiency and footprint while also providing the
flexibility to tailor to more advanced, power-demanding loads, such as a dedicated image recognition
processor or 4K video processor.

Wireless or battery-powered cameras require high efficiency at both full loads and light loads. These
cameras typically employ motion detection, human interface, or wireless communications monitoring, or
any combination of the three, to minimize time spent in power-hungry states quiescent currents and
shutdown currents of subsystems are very important as these standby currents can have significant
impact on overall battery life. The TIDA-01579 reference design has been optimized for this application by
utilizing TI's low-power converters featuring both light load efficiency and shutdown with low I,. Converter
shutdown and low-1, load switches can be used to cut power to subsystems with less-than-desirable
standby consumption—saving cost and extending battery life.
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1.1 Key System Specifications

Table 1. Key System Specifications

SYMBOL | PARAMETER | CONDITION | MmN | TYP | MAX UNIT CONDITION
ELECTRICAL SPECIFICATION
VIN Input voltage 3.5 5 5.5 \%
Po Output power Full load - 5 - W
Light load - 0.1 -
n System efficiency Full load - 90 - %
Light load - 84 -
V3.3 General rail lo 0.05 0.8 1.2 A
Ripple PWM - 25 mV Pre-filter at PWM
frequency
PSM - 50 mV Pre-filter at PSM frequency
V1.35 DDR3 supply lo 0.05 0.1 0.25 A
Ripple PWM - 10 mV Pre-filter at PWM
frequency
PSM - 25 mV Pre-filter at PSM frequency
V1.1 Core Voltage lo 0.05 1 1.2 A
Ripple PWM - 10 mV Pre-filter at PWM
frequency
PSM - 25 mV Pre-filter at PSM frequency
V1.2 Sensor lo 0.05 0.1 0.25 A
Ripple PSM - 5 mV Pre-filter at PWM
frequency
PSM - 25 mV Pre-filter at PSM frequency
V1.8 Auxiliary General lo 0.05 0.1 0.25 A
or Core supply Ripple PWM - ; 10 mv Pre-filter at PWM
frequency
PSM - - 25 mV Pre-filter at PSM frequency
V1.8 1/0 voltage lo 0.005 0.02 0.05 A
Ripple PSM - 5 mVv LDO O/P
PSM - 25 mvV
V2.8 Sensor voltage lo 0.005 0.05 0.1 A
Ripple PWM - 5 mVv LDO O/P
PSM - 10 mvV
V1.8_ADD | Analog voltage for lo 0.005 0.01 0.025 A
audio Ripple PWM - 5 mv LDO O/P
PSM - 10 mvV
MECHANICAL SPECIFICATION
L Length - 60 - mm
W Width - 50 - mm
ENVIRONMENTAL
T Operating -40 25 125 °C
temperature
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2 System Overview
2.1 Block Diagram
3x series LED
0Q SFH 42505
35-5V
DC Input from front-end
q
Power Connectors Input
3v3
q °
Signal Connectors
SDA
SCL
INT (Expander)
PWM (LED)
SDA EN_5V—
EN_3V3—
EN_1V8—
SCL
EN_1V35—
EN_1V2—
EN_1V1— 1vs
EN_L2V8— d
INT
EN_L1VBA—
EN_L1V8B—
PG_3V3—
PG_1V8— 1V§5
PG_1V35—
PG_1V2—
PG_1V1l—
PWM— 2
Power Connectors Output
I |
Figure 1. Block Diagram
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3.1

3.2

3.3

3.4

3.5

3.6

Highlighted Products

With small footprint, and high efficiency DC/DC regulators from TI, it is possible to design compact, highly-
efficient point of load power solutions.

TLV62568

The TLV62568 device is a synchronous step-down buck DC/DC converter optimized for high efficiency
and compact solution size. The device integrates switches capable of delivering an output current up to 1
A. At medium to heavy loads, the device operates in pulse width modulation (PWM) mode with 1.5-MHz
switching frequency. At light load, the device automatically enters power save mode (PSM) to maintain
high efficiency over the entire load current range. In shutdown, the current consumption is reduced to less
than 2 pA. The device is available in a SOT23 and SOT563 package

TPS62821

The TPS6282x is an all-purpose and easy-to-use synchronous step-down DC/DC converter with a very-
low quiescent current of only 4 pA. It supplies up to 3-A output current (TPS62823) from a 2.4-V to 5.5-V
input voltage. Based on the DCS-Control™ topology it provides a fast transient response.

The internal reference allows regulating the output voltage down to 0.6 V with a high feedback voltage
accuracy of 1% over the junction temperature range of —40°C to 125°C. The TPS6282x are packaged in a
2-mm x 1.5-mm QFN-8 package.

TLV742P

The TLV742P series of low-dropout (LDO) linear voltage regulators are optimized to providing excellent
performance by supporting a wide output voltage range. The LDO regulators can directly regulate a single
cell Li-ion battery input-to-output voltage as low as 0.85 V. If used to post-regulate a DC/DC converter
output, the high PSRR of 55 dB at 1 MHz suppresses ripple to provide a stable low-noise, well-regulated
output voltage. The TLV742P series of voltage regulators are available in a 1-mm x 1-mm X2SON
package to minimize the PCB area.

TCA9535

The TCA9535 is a 24-pin device that provides 16 bits of general purpose parallel input and output (1/0)
expansion for the two-line bidirectional I’C bus or (SMBus) protocol. The device can operate with a power
supply voltage ranging from 1.65 V to 5.5 V. The TCA9535 device consists of two 8-bit configuration (input
or output selection), input port, output port, and polarity inversion (active-high or active-low operation)
registers.

TPS61169

With a 40-V rated integrated switch FET, the TPS61169 is a boost converter that drives LEDs in series.
The boost converter has a 40-V, 1.8-A internal MOSFET with minimum 1.2-A current limit; thus it can drive
single or parallel LED strings for small- to large-size panel backlighting. The TPS61169 device is available
in a space-saving 5-pin SC70 package.

TPS22976

The TPS22976 product family consists of two devices: TPS22976 and TPS22976N. Each device is a dual-
channel load switch with controlled turn on. The device contains two N-channel MOSFETSs that can
operate over an input voltage range of 0.6 V to 5.7 V, and can support a maximum continuous current of 6
A per channel. Each switch is independently controlled by an on and off input (ON1 and ON2), which can
interface directly with low-voltage control signals. The TPS22976 device is capable of thermal shutdown
when the junction temperature is above the threshold, turning the switch off. The switch turns on again
when the junction temperature stabilizes to a safe range. The TPS22976 device also offers an optional
integrated 230-Q on-chip load resistor for quick output discharge when the switch is turned off. The
TPS22976 is available in a small, space-saving 3-mm x 2-mm 14-SON package (DPU) with integrated
thermal pad allowing for high power dissipation.
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4.1

41.1

System Design Theory

Video surveillance products such as a video doorbell or Wi-Fi® camera typically consist of power
processor interfacing with high-speed image sensor and video encoder. The processor also interfaces with
SD ram, audio codec supporting two-way audio communication, lens driver with IR cut filter sub circuitry.
From power perspective many different supply rails are needed to be generated required to drive core
voltage, /O rail, and analog voltage for the previously-mentioned peripherals. Figure 1 shows a
representation of typical power tree.

Buck DC/DC Regulator

For this application as fast transient response, low voltage ripple in a small form factor is required,
selecting right control topology is the first step. Buck Converter has two sections that impact the
performance, one is the power stage and other is the control topology. Power stage remains the same for
all control topology. The inductor value is computed based on the preferred mode of switching operation.
Whereas the control loop effects the loop response time, switching frequency, voltage ripple, full and light
load efficiency.

The TI portfolio offers devices with 12 different types of control architectures. Most-commonly used are
output voltage control, peak current control, hysteric or adaptive or fixed on time. Application requirements
are driving factors for selecting the control topology. In this application a fast output response is needed,
low voltage ripple, high DC voltage accuracy with minimum external components and seamless transition
from PWM to power save mode, DCS-Control architecture is selected for high current demanding rail such
as MPU Core voltage. This architecture offers benefits of both Voltage control loop for high DC accuracy
and hysteric control loop for seamless transition, fast response with minimum external components with
only trade off of wide variation of switching frequency as function of load current. Post damped Pl filters
have been implemented to counter impact of wide switching frequency ripple voltage variation on
peripheral supply rail.

Power Stage Design Consideration

Before computing the Power stage Inductor & Capacitor values, the operating mode for maximum period
of operation is considered. For rails that operate most of time in moderate to full load CCM mode is
considered (Core Voltage and 3.3 V) were as for rails which operate most of time in light to moderate load
DCM mode is considered (DDR3 and Sensor Voltage).

41.1.1 Inductor Ripple Current CCM Mode

In CCM mode the inductor ripple is a non-zero AC triangular ripple waveform with DC offset equal to
output current as Figure 2 shows.
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Figure 2. CCM Mode Operation

CCM Mode reduces AC core loss in inductor for moderate to full load. For making the flux swing in
inductor core less than one half of maximum flux density, ripple current should be kept between 20%—-40%
of output DC current. In CCM mode there are two paths in one switching cycle. To reduce DC loss and
reduce thermal hotspot for full load current, it is required that the DCR of inductor be as low as possible.

To achieve very sm
Smaller inductor wil

all DCR, lower no of turns is required which will result into smaller inductance value.
| result into higher ripple current dominating core and AC losses. Inductor has been

selected keeping into consideration of both AC and DC losses in this design.

Compute the operating duty cycle and power stage inductor using Equation 1 and Equation 2:

V

D= out
in Q)
Lo (Vin—Vout)*D
(0.2 to 0.4)xlgytmax *fsw )
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4.1.1.2  Inductor Ripple Current DCM Mode

In DCM mode, the inductor ripple is an AC triangular ripple waveform with zero crossing in each switching

period as Figure 3 shows.
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Figure 3. DCM Mode Operation

At light loads the ensure the flux swing in the inductor core still remains less than one half of maximum
flux density. Using average equation of triangular waveform (1/2 x base x height) the ripple current needs
to higher than twice of output current for one switching period as shown if fig. For ratio greater than 2 the
inductance size can be further brought down thus increasing ripple current. In such scenarios the pause
time t3 increases thus decreasing output voltage ripple frequency.
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In this mode there are three states in one switching cycle described as on time (D1TS), off time (D2TS)
and pause time (t3). Pause time is function of output load current and output capacitor value. At load
conditions that satisfy condition as shown in equation Equation 3 results into DCM mode operation.
R
L
L
< 2><fsw (3)

4.1.1.3 Output Capacitor

An output capacitor with a power inductor forms the second-order low-pass filer attenuating the switching
ripple voltage and also as energy storage for fast transient loads above a closed-loop bandwidth. At a
higher switching frequency, the capacitance lead inductance also comes into the picture which is known
as ESL and ESR of the capacitor as Figure 4 shows.

DCR
AN

o 19T
ESR _|

2O o o J%
1

T Cout

T

Figure 4. Non-ldeal Buck Converter

The expected ripple voltage in the CCM mode output capacitor can be computed using Equation 4. A
capacitor with low ESR and low ESL reduces the output ripple voltage. For ESL values of picohenrys, the
ESL factor can be ignored:

1

Cout= V. _V
AV— (ESLx “in~ “out)
8xfaw( ( di L )—ESR) @

In the case of DCM mode output, ripple voltage will be slightly higher based on pause time and output
current which retriggers internal comparator of DC/DC converter when ripple voltage is lower than
threshold. To derive output voltage ripple we can integrate capacitor current as shown in waveform during
turn on and take twice of its value to get peak to peak ripple voltage. Capacitor current during turn on
pulse can be put together as Equation 5 shows:

_ (Vin—Vout) *ton
- L

Ic —lout ()

Solving the integration during the turn on period for capacitor current and capacitor voltage is expressed
as Equation 6 shows:

(Vin=Vout)*ton [ ’ [ 2
VCifDszm L ((~—In—oul —lout) ) (DxTgx(di-lgy))
=Jo L ~lout= (V. —V_ ) N 2xdi
2x-in__"out
L 6)

The peak to peak ripple voltage considering an additional ESR voltage is expressed as Equation 7 shows:

. 2
[(DxTgx(di-lgyt)) ] ,
AV = i +2xREgR * (di- loyt) @)

PSM mode switching frequency can be computed using device-specific equations as explained in the data
sheet of device.
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4.1.1.4 Input Capacitor

Due to the switching event, the ripple can be observed at the input side of the buck converter also. Using
a capacitor at the input side the ripple voltage can be kept within expected limits. Use Equation 8 to
compute the input capacitor using the expected ripple voltage as an input parameter:

Cine Vout
n= AV.
fow x Vi x ( l—”L— ESR)
outmax (8)

41.2 Power Stage Calculations

Using Equation 1, Equation 2, Equation 4, Equation 7, and Equation 8 the required power stage inductor,
capacitor for DC/DC rail is calculated as shown in the following table.

PARAMETER, RAIL UNIT CORE VOLTAGE GENERAL RAIL IMAGE SENSOR DDR3 SUPPLY DC/DC 1.8 V
1.1V 33V CORE VOLTAGE VOLTAGE 1.35V
12V
Mode CCM CCM CCM CCM CCM
Output Current A 1.2 1.2 0.25 0.25 0.25
Inductor uH 1 1 2.2 2.2 2.2
Output Capacitor uF 10 10 4.7 4.7 4.7
Input Capacitor uF 1 1 1 1 1
Ripple Voltage mvV 8 10 3 35 3.7
(PWM)
Ripple Voltage mvV 14 30 11 11 18.9
(PSM)
Feedback Resistor kQ 82.5 453 100 124 200
R1
Feedback Resistor kQ 100 100 100 100 100
R2
4.1.3 LDO

In this design image sensor analog voltage, audio CODEC analog voltage and MPU 1/O voltage is
powered using post LDO. TI's TLV742P device offers excellent high PSRR up to —45 dB at 1 MHz and
very low noise output voltage noise to meet the critical specification of analog peripherals. The TLV742P
device requires input and output capacitor bare minimum external components with internal feedback and
a compensation circuit.

A post-PI filter can be added on each LDO output rail to increase PSRR even further.

41.4 Pl Filter

Switching regulators generates undesired output artifacts that are harmful to noise critical rails. LDO do
offer best rejection for post filtering but result into higher thermal losses at high load currents. An effective
method to filter high frequency components is to use ferrite bead in Pl configuration with capacitor to
introduce low pass filter. Figure 5 shows most common filtering scheme implemented in power circuits.
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Figure 5. PI Filter

Ferrite bead detailed equivalent circuit analysis is considered to understand effects of self-resonance and
LC resonance on gain plot to design effective filtering network. Ferrite bead has three operation regions:
inductive, resistive and capacitive. These regions can be located from ZXR plot of ferrite bead as shown in
Figure 6. The Ferrite bead can be modeled using an inductor, capacitor and resistor as Figure 6 shows,
were RDC is DC resistance; Cpar, Lpar and Rac are bead inductance, capacitance and AC core loss
resistance

Cp

RDC Lpar

Figure 6. Bead Equivalent Model

Using an impedance curve for zero DC bias above values can be computed as per Equation 9,
Equation 10, and Equation 11.

Typical Impedance Characteristics: DC bias current:
1000 1000
—
N N
/ [
AL b MAN /
, y \ \\ \\ /4 %l
100 ) N 100 4 N
A) . P A}
—_ N — 7 [N
g. y, < g 7 - A
@ "4 7 [ v
£ / / - - s 7"
3 / 3 / L
2 / g Pty
E E 7 |4
/ y "’ P
10 10 2
> r 4
U #
pd A"
N Ld
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[ +’ L
1 ! 11.lle
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Figure 7. Impedance Curve
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Z
Lpar=gumxf-
I 9)
Cpar=2emzgeiy
Txzcxic (10)
1
RAC = Zresonance = 2x1xCparxfresonance 2= =Lpar~ fresonance (11)

Vin

The data sheet also gives characteristics curve of impedance vs frequency for various DC Bias current.
For maximum output current there will be shift in DC Inductance which needs to be calculated as it
impacts into shift of corner frequency towards right side.

Assuming a ripple voltage of 25 mV at 2.2 MHz and required ripple voltage of 25 pV the required
attenuation is =54 dB. Using ideal LC second order equation, resonant frequency of LC and filter capacitor
can be calculated using Equation 12 and Equation 13.

£2(2.2 MHz
(1)1
| 1020 (12)
1
Cilter=
2(4XTT2><fL02><Lpar) (13)

A ferrite bead with a self-resonant frequency of at least 20, to approximately 50 times greater than
switching frequency needs to be selected to operate in inductive region. Using a true bead model with
output decoupling capacitor we see peaking occurring which results in gain at resonant frequency
component as shown in Figure 8.

So LC filter needs to damped to reduce the peaking. Using series resistor damping can be achieved but
will result into increased DC loss and voltage drop, Adding damp resistor in parallel to ferrite bead is
another technique but results in bypass path at higher switching frequency.

One of the best techniques to avoid issue is to add bulk capacitor with series resistor which not only
damps the peak but also does not degrade the effectiveness of filtering. Damp capacitor needs to higher
than DC/DC output capacitor, at least 5 times will reduce value of series damp resistor.

Cp Cpar
DCR L RDC
alyl Rac Rone
ESR ESR ESR
+ Q2
<> ESR
= Controller J

T Cin ﬁ T Cout T Ciiter T Ciiter /|\ Coavp

Figure 8. Non-ldeal PI Filter

Using Equation 14 damp resistor can be computed.
Lpar
Cilter (14)

Rdampso.5x\

Comparing simulation data as shown in Figure 9 and Figure 10 for damping circuit we see attenuation for
desired frequency region with damping of LC resonance.
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Figure 9. Undamped Filter Response

Figure 10. Damped Filter Response
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4.1.5 Boost LED Driver
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TIDA-01579 board has provision of Boost LED Driver to test IR LED illumination typically required in Video

Imaging application. For more details refer to the TIDA-01586 design.
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4.2

PCB Layout Consideration

PCB Layout determines Ground bounce, Electromagnetic Interference (EMI), and Thermal Behavior of

switching regulator circuit. In switching regulator circuits there are fast switching node currents due to
operation of synchronous FET. This gives rise to fast di/dt currents.

| Simplified DC-DC Buck Model

VouT
C( ) ICIN COUT LOAD

SOURCE GROUNDPLANE LOAD
1 aenD GND

Typical Layout 4 layer, internal GND Plane |

sw | TIEE |
Buck

Figure 11. Typical Buck Converter Layout

Switching current flowing through return trace will result into change of flux which is function of loop area
and magnetic flux density linked to it. In case of poor layout techniques having large ground loop, the fast
switching current will results in rise of transient voltage, EMI interference and changing potential between
actual ground and load ground. This impacts accuracy of output voltage.

| Mode 1 - High-Side Switch Conducting | |
Mode 1 - Current Flow

sw \f '
,‘ML s Lml i VIN  SW
DCY T TCCN 5W1 l/l\ CUUTl L]}LGAD

Issues — Large Return Loop, Higher Angle of Return Current |

GROUND PLANE ; 1
| LDAD
L. GND Loop Area

L 6ND

Angle of Return Current

Figure 12. Mode 1 Switching Current

| Mode 2 — Low-Side Switch Conducting | | Switching Current Path Resulting to Ground Bouncing (EMF Voltage) |

Mede 2 - Current Flow

=1
| IvouT
Loop Area 1 sw 2
Icw sw It:OUT | LoaD
“TVAT LR
SiiREE GROUND PLANE L0aD
1 onD

Loop Area 2 <~ GND

EMF Voltage Generated Resulting in GND Voltage Difference

Figure 13. Mode 2 Switching Current

Placement of input capacitor, output capacitor, and power inductor with respect to switching point of

device determines loop area of switching node. Adding even ground plane in inner layer does not
minimize ground bounce issue.
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To mitigate the previously-discussed issues, ground loop between switching node needs to be minimized.
The placement of input and output capacitors must have a very short return ground plane as Figure 14
shows. To avoid operating issues due to PCB layout errors, see the Tl Layout guidelines mentioned in the

data sheet.

Figure 14. Recommended Layout

For example, in the layout for IC, U3 the input capacitor C25, output capacitor C26, power inductor L6 and

are placed with lowest return path.
[l_Z I_llm I

o

@' - —'IJ.zII_ITp
L1

Figure 15. DC/DC Layout Example
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5 Getting Started With the Hardware

The TIDA-01579 board supports external connector for independent testing and two boards interconnect
connectors for interfacing with TI's Wi-Fi 1080p reference design board.

Before powering up the board, check for input and output connectors, and test points as described in the
following. Verify for components that needs to be depopulated in the case of testing with digital
sequencing. See Table 2 for more details on connectors provided on the board

Table 2. Board Connectors

CONNECTOR NUMBER DESCRIPTION
Ji 3.3-V DC/DC Output
J2 1.8-V DC/DC Output
J6 1.35-V DC/DC Output
J10 1.2-V DC/DC Output
Ji4 1.1-V DC/DC Output
J3 IR LED Output
J4 2.8-V LDO Output
J5 1.8-V LDO Output
J7 1.8 V LDO Output
J8 Gated 5V Output
J11 Gated 3.3-V Output
J9 20 pin Board Interface Connector
J12 20 pin Board Interface Connector
J15 DC Input Connector

Required test point has been populated for measuring signals at each interface point of the design. For
more details, see Table 3.

Table 3. Test Points

TEST POINT NUMBER DESCRIPTION VOLTAGE
TP4 3.3-V DC/DC post filter output 3.3V
TP11 1.8-V DC/DC post filter output 1.8V
TP15 1.35-V DC/DC post filter output 135V
TP19 1.1-V DC/DC post filter output 11V
TP22 1.2-V DC/DC post filter output 1.2V
TP27 3.3-V DC/DC pre-filter output 3.3V
TP30 1.8-V DC/DC pre filter output 1.8V
TP32 1.35-V DC/DC pre-filter output 135V
TP34 1.1-V DC/DC pre-filter output 11V
TP28 1.2-V DC/DC pre-filter output 1.2V
TP29 2.8-V LDO Output 2.8V
TP31 1.8-V LDO Output 18V
TP33 1.8-V LDO Output (Audio) 18V
TP3 Power Good for 3.3 V OV-33V
TP5 Power Good for 1.8 V 0OV-33V
TP10 Power Good for 1.35 V 0OV-33V
TP14 Power Good for 1.2 V OV-33V
TP16 Power Good for 1.1 V OV-33V

TP23,TP24,TP25,TP26 GND oV
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6 Test Setup

The test setup consists of TIDA-00753 Board, Keithley DC Supply, Agilent DMM, Decade Box, Current
Probe as Figure 16 shows.

Oscilloscope / Spectrum
Analyzer
. CH1
Vin NNV CH1 CH2
lin DC Blocking
|| 50 Q COAXIAL CABLE
- o
J ﬁ i DC Blocking
i —| 50 Q COAXIAL CABLE
i o
| | lo
Inductor | Bead |
Y L~ : P
Control i i
L pc | Mechanism V_Pre_Filter i V_Post_Filter i
<_> Cin ™ | |
1 1
— i i
|4 : :
1 N £
L m™ G C4
i i
1 1
1 1
1 1
1 1
1 1
1 1
DUT DC-DC Converter j j

DUT: device under test
The oscilloscope analog signal bandwidth must be greater than 400 times the switching frequency

The oscilloscope should have a higher memory depth and sampling rate to capture the ripple waveform accurately (at
least 4 GSPS, memory depth > 1 Mpts)

Oscilloscope probe terminated to 50 Q

Set the spectrum analyzer with a frequency resolution less than 100 times the switching frequency to capture a better
noise floor and SPUR

Figure 16. TIDA-01579 Test Setup

The tests to be conducted for this design are:
1. Device Efficiency and System Efficiency at various load and input voltage range

2. Ripple Voltage, Ripple Frequency at Full and light load conditions, Output Voltage Accuracy, Standard
Deviation, Min and Max for various light and full load current’s

3. Line and Load Transient Response
4. Light and Full Load Thermal Capture

To test the previous condition, the Agilent 61/2 DMM is set with the following settings to average the
source and instrument error

1. Slow Filter — 7 seconds/ Reading
2. No of Samples — 50 (Approximately 6 min)
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7 Test Results

7.1 Point of Load Characterization and Efficiency

7.1.1 Output 3.3V
Table 4. Characterization 3.3V
Vin (V) lin (A) Vo (V) PROBE FINAL ERROR (%) | lo (A) Po (W) Pin (W) EFFICIENCY | Pre_Filter_ O |Pre_Filter
ERROR (V) | OUTPUT (V) (%) utput OUTPUT
VOLTAGE VOLTAGE
RIPPLE (V) |RIPPLE
FREQUENCY
(Hz)
Full Load - 1 A
35 1.01E+00 3.248 3.00E-03 3.245 -1.67 1.00E+00 3.258E+00 3.52E+00 92.62 4.00E-03 -
5 7.12E-01 3.312 3.00E-03 3.309 0.27 1.00E+00 3.322E+00 3.56E+00 93.32 9.20E-03 1.98E+06
55 6.48E-01 3.311 3.00E-03 3.308 0.24 1.00E+00 3.321E+00 3.56E+00 93.18 1.04E-02 2.05E+06
Light Load - 50 mA
35 5.00E-02 3.37 3.00E-03 3.367 2.03 5.00E-02 1.684E-01 1.75E-01 96.2 8.00E-03 8.00E+05
5 3.60E-02 3.369 3.00E-03 3.366 2 5.00E-02 1.683E-01 1.80E-01 935 2.96E-02 3.87E+05
55 3.30E-02 3.374 3.00E-03 3.371 2.15 5.00E-02 1.686E-01 1.82E-01 92.86 3.52E-02 3.13E+05
7.1.2 Output 1.1V
Table 5. Characterization 1.1 V
Vin (V) lin (A) Vo (V) PROBE FINAL ERROR (%) | lo (A) Po (W) Pin (W) EFFICIENCY | Pre_Filter_ O |Pre_Filter
ERROR (V) | OUTPUT (V) (%) utput OUTPUT
VOLTAGE VOLTAGE
RIPPLE (V) |RIPPLE
FREQUENCY
(Hz)
Full Load 1 A
35 3.64E-01 1.062 3.00E-03 1.059 -3.72 1.00E+00 1.06E+00 1.27E+00 83.45 2.00E-03 1.90E+06
5 2.54E-01 1.067 3.00E-03 1.064 -3.27 1.00E+00 1.07E+00 1.27E+00 84.11 7.60E-03 1.60E+06
55 2.31E-01 1.061 3.00E-03 1.058 -3.81 1.00E+00 1.06E+00 1.27E+00 83.60 8.60E-03 1.50E+06
Light Load 50 mA
35 1.80E-02 1.12 3.00E-03 1.117 1.54 5.00E-02 5.59E-02 6.30E-02 88.65 9.60E-03 6.25E+05
5 1.40E-02 1.121 3.00E-03 1.118 1.63 5.00E-02 5.59E-02 7.00E-02 79.85 1.40E-02 4.25E+05
55 1.30E-02 1.126 3.00E-03 1.123 2.09 5.00E-02 5.62E-02 7.15E-02 78.53 1.64E-02 3.75E+05
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7.1.3

Output 1.35V

Table 6. Characterization 1.35 V

vin (V) lin (A) Vo (V) PROBE FINAL ERROR (%) 1o (A) Po (W) Pin (W) EFFICIENCY | Pre_Filter_Out | Pre_Filter
ERROR (V) OUTPUT (V) (%) put VOLTAGE | OUTPUT
RIPPLE (V) VOLTAGE
RIPPLE
FREQUENCY
(Hz)
Full Load 250 mA
35 1.04E-01 1.355 3.00E-03 1.352 0.37 2.50E-01 3.38E-01 3.64E-01 92.85 2.80E-03 1.54E+06
5 7.60E-02 1.362 3.00E-03 1.359 0.88 2.50E-01 3.40E-01 3.80E-01 89.40 3.20E-03 1.61E+06
55 7.20E-02 1.363 3.00E-03 1.360 0.96 2.50E-01 3.40E-01 3.96E-01 85.85 3.28E-03 1.64E+06
Light Load 50 mA
35 2.20E-02 1.373 3.00E-03 1.370 1.70 5.03E-02 6.90E-02 7.70E-02 89.56 9.60E-03 5.50E+05
5 1.60E-02 1.37 3.00E-03 1.367 1.48 5.05E-02 6.91E-02 8.00E-02 86.34 1.08E-02 5.12E+05
55 1.50E-02 1.372 3.00E-03 1.369 1.62 5.06E-02 6.92E-02 8.25E-02 83.91 1.16E-02 5.00E+05
714 Output 1.2V
Table 7. Characterization 1.2 V
Vin (V) lin (A) Vo (V) PROBE FINAL ERROR (%) lo (A) Po (W) Pin (W) EFFICIENCY | Pre_Filter_Out |Pre_Filter
ERROR (V) OUTPUT (V) (%) put VOLTAGE | OUTPUT
RIPPLE (V) VOLTAGE
RIPPLE
FREQUENCY
(Hz)
Full Load 250 mA
35 9.30E-02 1.223 3.00E-03 1.220 1.91 2.50E-01 3.05E-01 3.26E-01 93.70 2.64E-03 1.53E+06
5 6.90E-02 1.223 3.00E-03 1.220 1.91 2.57E-01 3.14E-01 3.45E-01 90.91 3.04E-03 1.58E+06
5.5 6.50E-02 1.225 3.00E-03 1.222 2.08 2.50E-01 3.06E-01 3.58E-01 85.45 3.12E-03 1.60E+06
Light Load 50 mA
35 1.90E-02 1.24 3.00E-03 1.237 3.33 5.00E-02 6.19E-02 6.65E-02 93.00 1.00E-02 5.25E+05
5 1.50E-02 1.241 3.00E-03 1.238 341 5.00E-02 6.19E-02 7.50E-02 82.53 1.08E-02 5.25E+05
55 1.40E-02 1.247 3.00E-03 1.244 3.91 5.00E-02 6.22E-02 7.70E-02 80.77 1.16E-02 4.75E+05
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7.1.5 Output 1.8V
Table 8. Characterization 1.8 V
vin (V) lin (A) Vo (V) PROBE FINAL ERROR (%) 1o (A) Po (W) Pin (W) EFFICIENCY | Pre_Filter_Out |Pre_Filter
ERROR (V) OUTPUT (V) (%) put VOLTAGE | OUTPUT
RIPPLE (V) VOLTAGE
RIPPLE
FREQUENCY
(Hz)
Full Load 250 mA
35 1.38E-01 1.841 3.00E-03 1.838 211 2.50E-01 4.60E-01 4.83E-01 95.13 3.28E-03 1.49E+06
5 1.00E-01 1.832 3.00E-03 1.829 1.61 2.50E-01 4.57E-01 5.00E-01 91.45 3.76E-03 1.60E+06
5.5 9.40E-02 1.837 3.00E-03 1.834 1.88 2.50E-01 4.59E-01 5.17E-01 88.68 3.76E-03 1.63E+06
Light Load - 50 mA
35 2.80E-02 1.846 3.00E-03 1.843 2.38 5.00E-02 9.22E-02 9.80E-02 94.03 1.08E-02 5.62E+05
5 2.10E-02 1.852 3.00E-03 1.849 2.72 5.00E-02 9.25E-02 1.05E-01 88.04 1.90E-02 3.68E+05
5.5 2.00E-02 1.852 3.00E-03 1.849 2.72 5.00E-02 9.25E-02 1.10E-01 84.04 1.88E-02 3.65E+05
7.1.6 LDO Output 2.8 V
Table 9. Characterization 2.8 V
Vin (V) \ lin (A) \ Vo (V) \ PROBE ERROR (V) FINAL OUTPUT (V) \ ERROR (%)
Full Load 50 mA
35 5.00E-02 2.857 3.00E-03 2.854 2.035
5 3.60E-02 2.853 3.00E-03 2.850 1.89
5.5 3.40E-02 2.851 3.00E-03 2.848 1.82
Light Load 5 mA
35 6.00E-03 2.855 3.00E-03 2.852 1.96
5 4,00E-03 2.853 3.00E-03 2.850 1.89
5.5 4,00E-03 2.862 3.00E-03 2.859 221
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7.1.7  LDO Output 1.8 V (I/O)

Table 10. Characterization 1.8 V_I/O

Vin (V) \ lin (A) \ Vo (V) \ PROBE ERROR (V) \ FINAL OUTPUT (V) ERROR (%)
Full Load 50 mA

35 5.00E-02 1.814 3.00E-03 1.811 0.77

5 3.60E-02 1.811 3.00E-03 1.808 0.61

55 3.30E-02 1.812 3.00E-03 1.809 0.66

Light Load 5 mA

35 6.00E-03 1.816 3.00E-03 1.813 0.88

5 4.00E-03 1.814 3.00E-03 1.811 0.77

55 4.00E-03 1.814 3.00E-03 1.811 0.77

7.1.8 LDO Output 1.8 V (Audio)

Table 11. Characterization 1.8 V_Audio

Vin (V) ‘ lin (A) ‘ Vo (V) ‘ PROBE ERROR (V) ‘ FINAL OUTPUT (V) ERROR (%)

Full Load 25 mA

35 2.60E-02 1.805 3.00E-03 1.802 0.27

5 1.90E-02 1.81 3.00E-03 1.807 0.55

5.5 1.70E-02 1.809 3.00E-03 1.806 0.5

Light Load 5 mA

35 6.00E-03 1.812 3.00E-03 1.809 0.66

5 4.00E-03 1.812 3.00E-03 1.809 0.66

5.5 4.00E-03 1.811 3.00E-03 1.808 0.61
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7.2

Point of Load Pre and Post Output Voltage Ripple and FFT Plots

Using the Spectrum Analyzer function, 1x AC probe as shown in the Test Setup Image, Spectrum plot
have been captured for all DC/DC rail to validate very low ripple output and Harmonic free Spectrum to
achieve Higher ENOB with respect to Power supply Spur and Noise Floor.

7.2.1

3.3-V Output

Table 12. 3.3-V Ripple and FFT Plot
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Table 12. 3.3-V Ripple and FFT Plot (c

ontinued)

=7 \(/\(/:)’LTAGE LOAD CONDITION PRE FILTER POST FILTER
[FFTyyE_FILTER T FrIgyST_FILTER v
@ )
6] (o]
@EPI;—;;“—”'”“ - ;P:E:PUSTJIL .
Dﬁmﬂwm Dﬁﬁ;&ﬁ“m
vt DivouT|
5 Full Load ! il ;
@ 100mvV Ok 20.0mV QR 1 @@ 10.0mV & 20.0mV_ Q8 i
° o — e )| Ce | Y|
e T - W e N I o H o o }!} Fre %2p o Bo B 55 ]
Figure 23. DC/DC FFT and Ripple Figure 24. Post Filter FFT and
Under Full Load Ripple Under Full Load
FFT_PRGILTER FFT_PQaey ILTER Y
(2] I 5]
] [b]
[ZRIPPLE_POST_FIL [ZHRIPPLE_POST_FIL ’
DNPPLLE{EN\/\ Dmmuw
[ | e/
Dvout ! Divout |
55 Light Load | |
I s i s [
@ ]&E‘y 463880ms. iDSUiE;o/m[s %ny/v @ ]&Eﬂv" 469880ms M
@D Pesk-Feak Z; Zony 3 20m gsmzom r;s“zum g:gﬂnﬂw ij & Peok-Peak gg‘u?gﬂmv Bim $2im 20 zlghnaw ﬁé gﬁ" Bém
Figure 25. DC/DC FFT and Ripple Figure 26. Post Filter FFT and
Under Light Load Ripple Under Light Load
IFFT_RERFILTER T TFFT_FERH-FILTER b
[ &)
P T —— - P T ——e————— "
Tivout Divour
5.5 Full Load | | \
@ 00mv o8& 20.0my Q8 @ 0.0nV oh 20.0mV o8 f
]EUUM - 25068/ ﬁ I ]gmnvs - 25065/ @
i71.460830ms 100k points 400y W+v1.469880ms 100k points 400V
@ Perk-reak lvéhi‘f(]m\l o0m 0iom 16s0m Slgnnnw ][w D Peak—Pedk Doy 104om tom 1odom S [ éégéml
Figure 27. DC/DC FFT and Ripple Figure 28. Post Filter FFT and
Under Full Load Ripple Under Full Load

TIDUEC7-0October 2018
Submit Documentation Feedback

High-Efficiency, Low-Output Ripple Power Supply Reference Design for

23
Imaging Application

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUEC7

Test Results

13 TEXAS
INSTRUMENTS

www.ti.com

7.2.2

1.1-V Output

Table 13. 1.1-V Ripple and FFT Plot
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Table 13. 1.1-V Ripple and FFT Plot (continued)
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. . Figure 36. Post Filter FFT and
Figure 35. DC/DC FFT and Ripple gRippIe Under Full Load
Under Full Load
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. : Figure 38. Post Filter FFT and
Figure 37. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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. . Figure 40. Post Filter FFT and
Figure 39. DC/DC FFT and Ripple 9 Ripple Under Full Load
Under Full Load
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7.2.3

1.35-V Output

Table 14. 1.35-V Ripple and FFT Plot

INPUT VOLTAGE (V) COII_\IOD/?'IPION PRE FILTER POST FILTER
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. . Figure 42. Post Filter FFT and
Figure 41. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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. . Figure 44. Post Filter FFT and
Figure 43. DC/DC FFT and Ripple gut
Ripple Under Full Load
Under Full Load
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Figure 45. DC/DC FFT and Ripple gRipme Under Light Load
Under Light Load
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Test Results

Table 14. 1.35-V Ripple and FFT Plot (continued)

INPUT VOLTAGE (V) COLNOD?'IPION PRE FILTER POST FILTER
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Figure 47. DC/DC FFT and Ripple gRippIe Under Eull Load
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Figure 49. DC/DC FFT and Ripple Ripple Under Light Load
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Figure 51. DC/DC FFT and Ripple gRippIe Under Full Load
Under Full Load
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7.2.4

1.2-V Output

Table 15. 1.2-V Ripple and FFT Plot

INPUT VOLTAGE (V) COII_\IODIE\'IPION PRE FILTER POST FILTER
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. . Figure 54. Post Filter FFT and
Figure 53. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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. . Figure 56. Post Filter FFT and
Figure 55. DC/DC FFT and Ripple I Ripple Under Full Load
Under Full Load
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. . Figure 58. Post Filter FFT and
Figure 57. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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Table 15. 1.2-V Ripple and FFT Plot (continued)

INPUT VOLTAGE (V) COLNOD'T\'IPION PRE FILTER POST FILTER
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. . Figure 60. Post Filter FFT and
Figure 59. DC/DC FFT and Ripple Ripple Under Full Load
Under Full Load
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. . Figure 62. Post Filter FFT and
Figure 61. DC/DC FFT and Ripple gRippIe Under Light Load
Under Light Load
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Figure 63. DC/DC FFT and Ripple Ripple Under Full Load
Under Full Load
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7.2.5

1.8-V Output

Table 16. 1.8-V Ripple and FFT Plot
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. . Figure 66. Post Filter FFT and
Figure 65. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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Figure 67. DC/DC FFT and Ripple Ripple Under Full Load
Under Full Load
MFFT_PRE_FILTER 00 T
FFT_POST_FILTER 00 T
@mm POST_FILTER e @liepLe_posT_FILTER -
T e A
5 Light Load Sl | ,

@ 100mv o @ S500mv on 1
8.00ps 1.2568/s
[ 1] i+¥1.508960ms makmm 1 EOmV
Value Mean Min Staev 217un 2018
@ rPek-Pesk  18.80mY  18.60m 18.80m Toom 0.000 12:25:55

Figure 69. DC/DC FFT and Ripple
Under Light Load
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Figure 70. Post Filter FFT and
Ripple Under Light Load
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Table 16. 1.8-V Ripple and FFT Plot (continued)
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Figure 71. DC/DC FFT and Ripple gRippIe Under Eull Load
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Figure 73. DC/DC FFT and Ripple Ripple Under Light Load
Under Light Load
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Figure 75. DC/DC FFT and Ripple Ripple Under Full Load
Under Full Load
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7.3 Point of Load Transient Response

Each DC/DC rail has been tested for Transient load condition ranging from (50 mA to 1 A/250 mA) using
DC electronic load with 10-kHz switching frequency, 50% duty cycle and 250 mA/us slew rate to capture
and compare FFT spectrum of DC/DC output rail with Post Filter Response. Also overshoot, undershoot is
observed to validate fast transient response. From test result we clearly see ripple voltage changing under
load condition and having low and high frequency switching components. Using external filter we can
achieve clean DC output immune to switching harmonics across wide load conditions

Table 17. Transient Response

OUTPUT RAIL TRANSIENT LOAD (AC COUPLED) PRE FILTER POST FILTER
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Figure 83. Transient AC Figure 84i Transient Pre- | fgigure 85. Transient Post-
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Figure 86. Transient AC Figure 87. Transient Pre- | Figyre 88. Transient Post-
Coupled Filter FFT Filter FFT
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Table 17. Transient Response (continued)
OUTPUT RAIL TRANSIENT LOAD (AC COUPLED) PRE FILTER POST FILTER
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Figure 89. Transient AC Figure gFQitTraI?FS':'em Pre- | Figure 91. Transient Post-
Coupled ler Filter FFT

7.4 Sequencing

TIDA-01579 Board supports both passive and active sequencing. Resistor divider as shown in schematic
can be modified to passive RC circuit to design passive sequencing. Generic passive sequencing has

been implemented and tested to meet most common sequencing for Core Voltage (1.1 V), DDR3L

Voltage (1.35 V) and 3.3-V rail. Using Port expander and Power Good output of DC/DC digital sequencing

is also possible

u
/ d
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Figure 92. Passive Sequencing 0.1V, 1.35V, 3.3V, and 1.8V
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Figure 93. Passive Sequencing 2.8V, 1.8V, and 1.2V
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7.5 Thermal Performance

TIDA-01579 has been targeted to achieve very low thermal dissipation in small form factor. Using IR

Thermal Gun at full load condition we see the overall board temperature is below 45°C at room
temperature

Figure 94. Thermal Performance
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8 Design Files

8.1 Schematics
To download the schematics, see the design files at TIDA-01579.

8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01579.

8.3 PCB Layout Recommendations

8.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-01579.

8.4 Altium Project
To download the Altium Designer® project files, see the design files at TIDA-01579.

8.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01579.

8.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01579.

9 Related Documentation

1. Texas Instruments, TLV62568 1-A High Efficiency Step-down Converter in SOT23 Package Data
Sheet

2. Texas Instruments, TPS6282x 6-V, 1-,2-,3-A Step-Down Converter with DCS-Control™ Data Sheet
Texas Instruments, TLV742P 200mA, Small-Size, Low-Droput Linear Voltage Regulator Data Sheet

4. Texas Instruments, TCA9535 Low Voltage 16-Bit 12C and SMBus Low-Power I/O Expander Data
Sheet

5. Texas Instruments, TPS61169 38-V High Current-Boost WLED Driver with PWM Control Data Sheet

6. Texas Instruments, TPS22976 5.7-V, 6-A, 14-mQ On-Resistance Dual-Channel Load Switch Data
Sheet

w

9.1 Trademarks

E2E, DCS-Control are trademarks of Texas Instruments.

Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
Wi-Fi is a registered trademark of Wi-Fi Alliance.

All other trademarks are the property of their respective owners.
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