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4 Pin Configuration and Functions
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4-1. 14-Pin VQFN-HR, RPY Package (Top View)

% 4-1. Pin Functions

NAMEPIN o TYPE(") DESCRIPTION
NR/SS 2 (0] A capacitor connected to this pin sets the soft-start time and low frequency noise level of the device.
VO 4 | Output voltage sense pin. This pin must be connected directly after the first inductor.
VIN 8,12 | Power supply input voltage pin
PGND 9,11 — Power ground connection
SW 10 (0] Switch pin of the power stage. Connect this pin to the start winding of the output inductor .
SW 13 (0] Switch pin. Connect a capacitor from this pin to the BOOT pin.
7 Enable, Disable pin including threshold-comparator. Connect to logic low to disable the device. Pull high to
EN/SYNC | enable the device. This pin has an internal pulldown resistor of typically 500kQ when the device is disabled.
Apply a clock to this pin to synchronize the device
BOOT 14 | Supply for the internal high-side MOSFET gate driver. Connect a capacitor from this pin to SW.
PSNS 1 — Power sense ground, connect directly to GND plane
FB 3 (0] Feedback pin of the device
PG 5 o Open_—drain power-good outp_ut. This pin is puIIe_d tq GND yvhe_n Vour is below the pqwer-good threshold.
this pin requires a pullup resistor to output a logic high. This pin can be left open or tied to GND if not used.
S-CONF 6 0} Smart Configuration pin. This pin configures the operation modes of the device. See # 6-1.
(1)  I'=input, O = output
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5 Specifications

5.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)("

MIN MAX UNIT
VIN, EN/SYNC, PG, S-CONF -0.3 18 \Y
SW (DC) -0.3 Vin+0.3 \Y
SW (AC, less than 10ns)®) 25 21 Vv
Voltage(@ BOOT -0.3 VN + 6
BOOT to SW -0.3 6
VO, FB, NR/SS -0.3 6 \
VSNS- -0.3 0.3 \
Sink current PG 10 mA
T, Junction temperature —40 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to the network ground terminal.

(3)  While switching.

5.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

. JEDEC JS-001, all pins(" +2000
V(esp) Electrostatic discharge - v
Charged device model (CDM), per ANSI/ESDA/ +500

JEDEC JS-002, all pins(?)

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

5.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
ViN Input voltage 3.0 17 \%
Vout Output voltage 0.6 5.5 \%
Cin Effective input capacitance 5 10 uF
Cout Effective output capacitance 80 120 200 uF
L¢ Effective filter inductance 0 10 50 nH
Cs Effective filter capacitance 20 40 160 uF
Cout + C; | Effective total output capacitance, including first and second L-C filter 80 400 uF
lout Output current for TPS62964 0 4.5 A
lout Output current for TPS62966 0 6 A
lout Output current for TPS62968 0 8 A
fsync Synchronization Range (1.1MHz setting) 0.9 1.1 1.3 MHz
fsync Synchronization Range (0.7MHz setting) 0.6 0.7 0.8 MHz
fsync Synchronization Range (0.5MHz setting) 0.4 0.5 0.6 MHz
T,M Junction temperature —40 150 °C
(1) Operating lifetime is derated at junction temperatures above 125°C.
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5.4 Thermal Information

TPS6296x
THERMAL METRIC(") RPY 14-pin VQFN-HR UNIT
JEDEC 51-7 PCB TPS6296xEVM
Rga Junction-to-ambient thermal resistance 58.9 29.1 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 37.8 n/a @ °C/W
Ress Junction-to-board thermal resistance 7.3 n/a @ °C/W
Wyr Junction-to-top characterization parameter 0.9 1.8 °C/W
Y Junction-to-board characterization parameter 7.2 13.4 °C/W

M
)

note.

Not applicable to an EVM.

5.5 Electrical Characteristics

Over recommended input voltage range, T, = —40°C to 150°C. Typical values are at Vin = 12V and T, = 25°C (unless

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

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
SUPPLY
g Quiescent current gN = High, no load, device switching, fsw 5 mA
= 1MHz
Isp Shutdown current EN = GND, T, =—40°C to 125°C 0.3 70 HA
VuvLo Undervoltage lockout V) rising, Ty = —40°C to 125°C 2.85 2.92 3.0 \
Vhys Undervoltage lockout hysteresis 200 mV
- Thermal shutdown threshold T, rising 170 °C
ISP Thermal shutdown hysteresis T, falling 20 °C
CONTROL and INTERFACE
High-level input-threshold voltage at EN/
VH_EN SYNC 0.97 1.01 1.04 \
Low-level input-threshold voltage at EN/
VL EN SYNC 0.87 0.9 0.93 \
High-level input-threshold clock signal on _
VHfSYNC EN/SYNC EN/SYNC = clock 1.1 \
Low-level input-threshold clock signal on _
VL syne EN/SYNC EN/SYNC = clock 0.4 \Y
leniks | Input leakage current into EN/SYNC Eggsch =GNDorVIN, -40°C =T, < 5 160| nA
Rpp Pulldown resistor on EN/SYNC EN/SYNC = Low 330 500 kQ
t Enable delay time Time from EN/SYNC high to device starts 1 ms
delay y switching, Rs.conr = 80.6kQ
INR/SS NR/SS source current 67.5 75 82.5 MA
) . Rs.conr tolerance for all settings _ o
Rs.conr | S-CONF resistor step range accuracy according to S-CONF Table 4 +4 %o
Vpg Power-good threshold Vg rising, referenced to Veg nominal 93 95 98 %
Vpg Power-good threshold Vg falling, referenced to Veg nominal 88 90 93 %
Vpg oL Low-level output voltage at PG pin Isink = TMA 0.4 \
Ipg ke | Input leakage current into PG pin Vpg =5V; -40°C < T;<125°C 5 500 nA
tpe,DLY Power-good delay time Vgg falling 9 us
OUTPUT
ton Minimum on-time ViN 25V, lgy = 1A 35 ns
toff Minimum off-time ViN 25V, gy = 1A 50 ns
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5.5 Electrical Characteristics (¥tX)
Over recommended input voltage range, T; = —40°C to 150°C. Typical values are at Vin = 12V and T; = 25°C (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Veg Feedback regulation accuracy —40°C<T,; =£125°C 0.594 0.6 0.606 \%
IFB LG Input leakage current into FB Veg = 0.6V, 40°C = T;<125°C 1 70 nA
lvo ke | Input leakage current into VO Vyo =1.2V,-40°C £ T;<125°C 0.01 30 MA
Vin =12V, 1.2Voyr, 1A, Cnriss = 470nF,
PSRR Power supply rejection ratio fsw= 1MHz, Cgg = open, L1 = 1uH, Coyt = 65 dB
4 x 22yF, f < 100kHz
Vin = 12V, BW = 100Hz to 100kHz, Cngr/
VNRMS Output voltage RMS noise ss = 470nF, fsw = 1MHz, Voyt= 1.2V, 24.4 MVRMS
Cgg=open, Ly = 1uH, Coyt = 4 x 22uF
Vin=12V, fsw = 1MHz, Voyr= 1.2V, Ly =
Vopp Output ripple voltage at fgy 1uH, Cout = 4 x 22uF, L= 10nH, Cs= 36 MVRMS
22uF
Rpis Output discharge resistance EN/SYNC = GND, Voyr= 1.2V, V|y 2 5V. 4 Q
Rpis Output discharge resistance EN/SYNC = GND, Voyr=5V, V|y 2 5V. 16 Q
fsw Switching frequency 1.1MHz setting 1.0 1.1 1.2 MHz
fsw Switching frequency 0.7MHz setting 0.63 0.7 0.77| MHz
fsw Switching frequency 0.5MHz setting 0.45 0.5 0.55| MHz
Dsync Synchronization duty cycle 45 55 %
tsync_elay | Synchronization phase delay E)hg\s/\? ngg ;ré)grr(; EN/SYNC rising edge 90 ns
Iswpeak | Peak switch current limit TPS62994 6.4 7.3 8.1 A
Iswvalley | Valley switch current limit TPS62994 71 A
Iswpeak | Peak switch current limit TPS62996 8.6 9 9.6 A
Iswvalley | Valley switch current limit TPS62996 8.8 A
Iswpeak | Peak switch current limit TPS62998 1 11.75 12.5 A
Iswvalley | Valley switch current limit TPS62998 10.8 A
Inegyaiey |Negative valley current limit -2.9 -2 A
Roson) High-side FET on-resistance VN 25V 25 mQ
Low-side FET on-resistance ViN2 5V 7 mQ
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5.6 Typical Characteristics
Vin = 12V, Vout = 0.6V, Tp = 25°C, BOM = 5 7-1, (unless otherwise noted)

—— 1stFilter —— 1stFilter
—— 2nd Filter —— 2nd Filter
= N 5 -~ M A = I N F \ .Y =
AANAWAVANAWAW ° LA ANANAY/
E et L YA ] E dvdied ] e [ sy
] /B ! iR | IR
1us/Div 1us/Div
Vout = 0.6V L =0.47uH, Fsw = 700kHz Vout = 0.6V L =0.47pH, Fsw = 700kHz
lout = 0A Cnr/ss = Open lout = 2A Cnrsss = 470nF
5-1. VOUT Ripple 5-2. VOUT Ripple
1 " HH 1 1
0.5 it 0.5 /
02 AT 02 L
E ———ﬂ& ol ! E
2 005 W i Z oos
z — > =
£ o \ B 002
3 001 3 001
Q @
2 0.005 2 0.005
z H z
0.002 H 0.002
—C =open, 132 uV, — C =open, 141 uV,
0.001 | T (RS = 470N, 34.9 VA i 0001 \aee = 470nF, 38 Ve [EEEE
0.0005 b 0.0005 L
110" 1x102  1x10®  1x10*  1x10°  1x10%  1x107 110" 1x102  1x10®  1x10*  1x10°  1x10%  1x107
Frequency (Hz) Frequency (Hz)
Vour = 0.6V L =0.47uH, Fsw = 700kHz Vour = 0.6V L =0.47uH, Fsw = 700kHz
lout = 0A First LC Only lout = OA After ferrite bead
5-3. Output Noise Density vs Frequency filter
5-4. Output Noise Density vs Frequency
1 SR HE T
05 % EHHH ) === H
02 \ 02 s I
o] i\ R i
< i S z .
Z 005 Z 005 H
S e S -
3 002 2 o002
& o001 8 oot
Q [ H
2 0.005 2 0.005 H
z z 1
0.002 0.002 H 1
—— Chrss = open, 128 pV —— Chrss = , 134 v
0001 __ cﬂﬁii =2,7)g:F, 336 uRvMFst o001f__ 0:222 = Z?S:F, 36 tvﬁnz e
0.0005 0.0005 e -
1x10"  1x102  1x10°  1x10%  1x10° x10"  1x102 1x10°  1x10%  1x10°  1x10°  1x107
Frequency (Hz) Frequency (Hz)
Vour = 0.6V L =0.47uH, Fsw = 700kHz Vour = 0.6V L =0.47uH, Fsw = 700kHz
lout = 2A First LC Only lout = 2A After ferrite bead
5-5. Output Noise Density vs Frequency filter
5-6. Output Noise Density vs Frequency
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5.6 Typical Characteristics (continued)

Vin = 12V, Vout = 0.6V, Tp = 25°C, BOM = 5 7-1, (unless otherwise noted)

—— 1stFilter —— 1stFilter
—— 2nd Filter —— 2nd Filter

AN AA AN A AL INANAANNA

g 2|/ |

AW ARAWAWANANAW JIANANATANAVRAN

g e ] N | . 79 v A é e g LA 7 W
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LR o U U L
1us/Div 1us/Div

Vout = 0.75V L =0.47uH, Fsw = 700kHz Vout = 0.75V L =0.47pH, Fsw = 700kHz
lout = 0A Cnriss = 470nF lout = 2A Cnr/ss = open

5-7. VOUT Ripple 5-8. VOUT Ripple
B ; H 1
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0.2 | H 02
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0001 | T SRS 2 50nF, 328w iR 0.001 | T (RSS2 T0nF, 40.8 1s FEEEE=EEE
0.0005 Ll 0.0005 L :
1x10"  1x102  1x10%  1x10*  1x10°  1x10%  1x107 1x10"  1x102  1x10%  1x10*  1x10%  1x10%  1x107
Frequency (Hz) Frequency (Hz)
Vout = 0.75V L =0.47uH, Fsw = 700kHz Vout = 0.75V L =0.47uH, Fsw = 700kHz
louT = OA First LC Only louT = OA After ferrite bead
5-9. Output Noise Density vs Frequency filter
5-10. Output Noise Density vs Frequency
1 T HiT : H 1
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1x10"  1x102  1x10®  1x10*  1x10°  1x10°  1x107 1x10"  1x102  1x10°  1x10*  1x10°  1x10%  1x107
Frequency (Hz) Frequency (Hz)

Vout = 0.75V L =0.47uH, Fsw = 700kHz Vout = 0.75V L =0.47uH, Fsw = 700kHz
louT = 2A First LC Only louT = 2A After ferrite bead
5-11. Output Noise Density vs Frequency filter

5-12. Output Noise Density vs Frequency
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6 Detailed Description
6.1 Overview

The TPS6296x low-noise, low-ripple, synchronous buck converter is a fixed frequency current mode converter.
The converter has a filtered internal reference to achieve a low-noise output similar to low noise LDOs. The
converter achieves lower output voltage ripple by using a switching frequency of either 1.1MHz, 700kHz, or
500kHz and a larger inductance. The output voltage ripple can be further reduced by adding a small second
stage L-C filter to the output. This can be a ferrite bead or a small inductor, followed by an output capacitor.
Internal compensation maintains stability with an external filter inductor up to 50nH. To avoid voltage drops
across this second stage filter, the device regulates the output voltage after the filter. The TPS6296x family
supports an optional spread spectrum modulation. When powering ADCs, for example, spread spectrum
modulation reduces the mixing spurs. Switching frequency, spread spectrum modulation, and output discharge
are set using the S-CONF pin.
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6.2 Functional Block Diagram
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6.3 Feature Description
6.3.1 Smart Config (S-CONF)
This S-CONF pin configures the device based on the resistor value. This pin is read after EN/SYNC goes high.

The device configuration cannot be changed during operation. The S-CONF value is re-read if EN is pulled

below 200mV or if VIN falls below UVLO. Z 6-1 shows the configuration options of switching frequency, spread
spectrum modulation, output discharge, and synchronization.

To make sure the internal circuit detects the resistor value correctly, minimize the distance between the resistor
and the S-CONF pin and do not place any capacitors on the S-CONF pin.

# 6-1. S-CONF Device Configuration Modes

S-CONF SWITCHING FREQUENCY | SPREAD SPECTRUM OUTPUT DISCHARGE SYNC
VIN 1.1MHz OFF OFF No
GND 500kHz OFF OFF No
4.87kQ 700kHz OFF OFF No
6.04kQ 700kHz OFF OFF 600kHz to 800kHz
7.5kQ 1.1MHz OFF OFF 0.9MHz to 1.3MHz
9.31kQ 500kHz OFF OFF 400kHz to 600kHz
11.5kQ 500kHz Random OFF No
14.3kQ 700kHz Random OFF No
18.2kQ 1.1MHz Random OFF No
22.1kQ 500kHz OFF ON No
27.4kQ 700kHz OFF ON No
34kQ 1.1MHz OFF ON No
42.2kQ 500kHz OFF ON 400kHz to 600kHz
52.3kQ 700kHz OFF ON 600kHz to 800kHz
64.9kQ 1.1MHz OFF ON 0.9MHz to 1.3MHz
80.6kQ 500kHz Random ON No
100kQ 700kHz Random ON No
124kQ 1.1MHz Random ON No
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6.3.2 Device Enable (EN/SYNC)

The device is enabled by pulling the EN/SYNC pin high, and has an accurate rising threshold voltage of typically
1.01V. After the device is enabled, the operation mode is set by the configuration of the S-CONF pin. This action
occurs during the device start-up delay time tgejay. After tyelay €xpires, the internal soft-start circuitry ramps up the
output voltage over the soft-start time set by the Cyr/ss capacitor. The start-up delay time tye sy varies depending
on the selected S-CONF value. The start-up delay time is shortest with smaller S-CONF resistors.

The EN/SYNC pin has an active pulldown resistor Rpp. This resistor prevents an uncontrolled start-up of the
device, in case the EN/SYNC pin cannot be driven to a low level. The pulldown resistor is disconnected after
start-up. With EN set to a low level, the device enters shutdown and the pulldown resistor is activated again.

6.3.3 Device Synchronization (EN/SYNC)

The EN/SYNC pin is also used for device synchronization. After a clock signal is applied to this pin, the device is
enabled and reads the configuration of the S-CONF pin. The external clock frequency must be within the clock
synchronization frequency range set by the S-CONF pin. When the clock signal changes from a clock to a static
high, then the device switches from external clock to internal clock. To shutdown the device when using an
external clock, EN/SYNC must go low for at least 10ps.

The clock signal can be a logic signal with a logic level as specified in the electrical table, and can be applied
directly to the EN/SYNC pin. External logic, such as an AND gate, can be used to combine separate enable and
clock inputs, as shown in [X] 6-1.

EN—
CLK — ] EN/SYNC

6-1. Synchronization With Separate Enable Signal (Optional)

6.3.4 Spread Spectrum Modulation

Using the S-CONF pin enables or disables spread spectrum modulation. The DC/DC converter generates an
output voltage ripple at the switching frequency. When powering ADCs or an analog front-end (AFE), the
switching frequency generates high frequency mixing spurs as well as a low frequency spur in the output
frequency spectrum. Using the optional second stage L-C filter reduces the ripple of the converter and spurs by
up to 30dB.

The device has an integrated random spread spectrum modulation (SSM) scheme, selected by the resistor
connected to the S-CONF pin according to & 6-1. Selecting random modulation to spread the switching
frequency over a larger frequency range is possible. The modulation spread is +/— 10% of the device switching
frequency. This SSM provides high attenuation when the receiver bandwidth is < the modulation frequency,
typically the case for systems using Fast Fourier Transforms (FFT) post processing as in high speed ADC
applications. For applications sensitive to noise at the modulation frequency, random SSM is used. Using a
random spread spectrum modulation also reduces the spurs in the output spectrum. The randomized modulation
uses a Fibonacci Linear-Feedback Shift Register (LFSR) so that every tone is generated once during the
pseudo-random generation period. The frequency spreading is shown in [X] 6-2.
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\
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fMOD | |
Triangular ’l ll
(single tone) Increased noise floor | |
with random modulation " ll
I |
1 1

6-2. Spread Spectrum Modulation

6.3.5 Output Discharge

Output discharge is enabled or disabled, depending on the S-CONF setting. With output discharge enabled, the
output voltage is pulled low by a discharge resistor Rpg of typically 7Q. The output discharge function is enabled
during thermal shutdown, UVLO, or when EN/SYNC is pulled low.

6.3.6 Undervoltage Lockout (UVLO)

To avoid misoperation of the device at low input voltages, the device is enabled after the input voltage is above
the undervoltage lockout threshold. The device is disabled after the input voltage falls below the undervoltage
threshold.

6.3.7 Power-Good Output

The device has a power-good output. The PG pin goes high impedance after the FB pin voltage is above 95% of
the nominal voltage, and is driven low after the voltage falls below typically 90% of the nominal voltage. % 6-2
shows the typical PG pin logic. The PG pin is an open-drain output and is specified to sink up to 10mA. The
power-good output requires a pullup resistor connecting to any voltage rail less than 18V. The PG signal can be
used for sequencing of multiple rails by connecting to the EN pin of other converters. If not used, the PG pin can
be left floating or connected to GND. PG has a deglitch time of typically 8us before going low.

# 6-2. Power-Good Pin Logic

PG LOGIC STATUS
DEVICE STATE
HIGH IMPEDANCE Low
Veg 2V, y
Enabled (EN/SYNC = High) FB= 'Pe

VFB < VPG after trg v
Shutdown (EN/SYNC = Low) \
UVLO 0.7V < VIN < VUVLO \/
Thermal shutdown Ty>Tysp v

Power supply removal Vin<0.7V v

6.3.8 Noise Reduction and Soft-Start Capacitor (NR/SS)

A capacitor connected to this pin reduces the low frequency noise of the converter and sets the soft-start time.
The larger the capacitor, the lower the noise and the longer the start-up time of the converter. A 470nF capacitor
is typically connected to this pin for a start-up time of 5ms, although longer and shorter start-up times can be
used. During soft start with a light load, the device skips switching pulses as needed to not discharge the output
voltage. The device can start into a prebiased output voltage.
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The device achieves low noise by adding an R-C filter to the reference voltage, as shown in =222 6.2.
During start-up, the NR/SS capacitor is charged with a constant current of 75pA (typical) to 0.6V. Larger NR/SS
capacitors provide for lower low frequency noise. The maximum NR/SS cap is 3.3pF for a start-up time of 35ms.
The minimum start-up time is set internally to 0.7ms, which occurs when there is a small NR/SS capacitor or no
NR/SS capacitor.

6.3.9 Current Limit and Short-Circuit Protection

The device is protected against short circuits and overcurrent. The switch current limit prevents the device from
high inductor current and from drawing excessive current from the input voltage rail. Excessive current can occur
with a shorted, saturated inductor or a heavy load, shorted output circuit condition. If the inductor current reaches
the threshold Isypeak, the high-side MOSFET is turned off and the low-side MOSFET is turned on to ramp down
the inductor current. The high-side MOSFET is turned on again only when the low-side current is below the low-
side sourcing current limit Isyyaliey-

Due to internal propagation delay, the actual current can exceed the static current limit, especially if the input
voltage is high and very small inductances are used. The dynamic current limit is calculated as follows in =X 1:

VL
IpEAK (typ) = Iswpeak + <T> X tpp (1)

where

Iswpeak is the static current limit, specified in &7>=.-8.5.
* L is the inductance.
+ V_is the voltage across the inductor (VIN — VOUT).
* tpp is the internal propagation delay, typically 50ns.

The low-side MOSFET also contains a negative current limit to prevent excessive current from flowing back
through the inductor to the input. If the low-side sinking current limit is exceeded, the low-side MOSFET is turned
off. In this scenario, both MOSFETSs are off until the start of the next cycle.

6.3.10 Thermal Shutdown

The device goes into thermal shutdown after the junction temperature exceeds typically 170°C with a 20°C
hysteresis.

6.4 Device Functional Modes
6.4.1 Fixed Frequency Pulse Width Modulation

To minimize output voltage ripple, the device operates in fixed frequency PWM operation down to no load. The
switching frequency of 500kHz, 700kHz, or 1.1MHz is selected using the S-CONF pin.

6.4.2 Low Duty Cycle Operation

For high input voltages or low output voltages, the 70ns minimum on-time limits the maximum input to output
voltage difference and the switching frequency selected. When the minimum on-time is reached, the output
voltage rises above the regulation point. Refer to % 7-2 for detailed design recommendations.

6.4.3 High Duty Cycle Operation (100% Duty Cycle)

The device offers a low input-to-output voltage differential by entering 100% duty cycle mode. In this mode, the
high-side MOSFET switch is constantly turned on. The minimum input voltage to maintain output voltage
regulation, depending on the load current and the output voltage level, is calculated as:

VIN (min) = Vour(min) + lour % (Rps(on) + RL) (2)

where
* Vout(min) Is the minimum output voltage the load can accept.
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* lpyr is the output current.
® RDS(ON) is the RDS(ON) of the high-side MOSFET.
» R is the DC resistance of the inductor used.

To maintain fixed frequency switching, the device requires a minimum off-time of 50ns (typical), 60ns
(maximum). If this limit is reached during a switching pulse, the device skips switching pulses to maintain output
voltage regulation. If the input voltage decreases further, the device enters 100% mode.

6.4.4 Second Stage L-C Filter Compensation (Optional)

Most low-noise and low-ripple applications use a ferrite bead and bypass capacitor before the load. Using a
second L-C filter is especially useful for low-noise and low-ripple applications with constant load current such as
ADCs, DACs, and Jitter Cleaner. The second stage L-C filter is optional, and the device can be used without this
filter. Without the filter, the device has a low output voltage noise of typically 16.9uVgrys with an output voltage
ripple of 280uVRrms - The second stage L-C filter attenuates the output voltage ripple by another approximately
30dB. To improve load regulation, the device can remote sense the output voltage after the second stage L-C
filter and is internally compensated for the additional double pole generated by the L-C filter.

To keep the second stage L-C filter as small as possible, the internal compensation is optimized for a 10nH to
50nH inductance. A small ferrite bead or even a PCB trace provides sufficient inductance for output voltage
ripple filtering. For details, see ©2r>52-7.2.2.2.4.
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7 Application and Implementation

-
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7.1 Application Information
The TPS6296x family of devices are designed for low noise and low output voltage ripple.

7.2 Typical Applications

Lf

L1 Ferrite

vin 0.47uH Bead
VIN SwW ’ Vo
12V it T 078V
o EN/SYNC  BOOT
Cout
2 x(;OuF__ " 2x 22nF Vo Ig x 22uF g R1
n — R
S.CONF 1.21kQ o
= cf
R3 FB 2x 22uF
4.87kQ R2
PSNS NR/SS ] 4700 §4.87KQ
Cnr/ss
+—+—PGND PGI— —|_
= e
B 7-1. Typical Schematic
The following table shows the list of recommended components for most applications.
# 7-1. List of Components
REFERENCE PART NUMBER DESCRIPTION MANUFACTURER
TPS6296x TPS6296x Low noise and low ripple buck Texas Instruments
converter
L4 XGL5020-471MEC or XGL4030-471MEC | Inductor: 470nH Coilcraft
Ceramic capacitors: 2 x 10uF +10%
G C2012X7STE106K125AC 25V Ceramic Capacitor X7S 0805 TDK
Ceramic capacitors: 8 x 22uF, 10V,
Cout C2012X7S1A226M125AC £20%. X7S. 0805 TDK
L¢ BLE32SN120SN1L Ferrite Bead MuRata

Ceramic capacitor: 2 x 22uF, 10V,
Cs C2012X7S1A226M125AC +20%, X7S, 0805 x 22uF, 10V, TDK
+20%, X7S, 0805

Ceramic capacitor: 2 x 2200pF, 50V,

Cq GRM155R71H222KA01D +10%, X7R., 0402 MuRata
Cnrisss Crr Ceramic capacitor Standard
R1, R2, R3, R4 Resistor Standard
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7.2.1 Design Requirements

The external components have to fulfill the needs of the application, but also meet the stability criteria of the
control loop of the device. The device is designed to work within a range of external components, and can be
optimized for efficiency, output ripple, component count, or lowest 1/f noise.

Typical applications that have input voltages of < 6V use a 470nH inductor with a 1.1MHz switching frequency.
Applications that have input voltages > 6V can be optimized for efficiency using a 470nH inductor with a 500kHz
or 700kHz switching frequency depending on the output voltage.

For the application cases that are not found in the following table, there are two methods to design the
TPS6296x circuit. =7>72-7.2.2.1 uses WEBENCH to design the circuit automatically or the calculations in =~
>g2-7.2.2.2 can be used instead.

£ 7-2. Typical Single L-C Filter Design Recommendations

DESIGN GOAL Vin Vour Fsw INDUCTOR c AP%%T.F(‘)J;S (3)
Typical 12v(1) <1.4v(" 700kHz 470nH 8 x 22uF, 10V, 0805
Typical 12V > 1.4V 1.0MHz 1uH 8 x 224F, 10V, 0805
Typical 5V 0.6V < Vour < 3.3V 1.0MHz 1TuH 8 x 224F, 10V, 0805

(1)  The maximum input to output voltage difference is limited by the device maximum minimum on-time of 70ns. This limit is especially
important for input voltages above 12V or output voltages below 1V. See &7 227.2.2.2.1.

(2) For inductor part numbers, see % 7-4.

(3) For output capacitor part numbers, see & 7-5.

The second stage L-C filter is optional, as the device can be used without this filter to achieve below 20uVgrus
noise typically. A second stage filter is added to provide additional attenuation of the output ripple voltage. The
output voltage is sensed after the second L-C filter by connecting the FB resistors to the second stage L-C filter
capacitor. This action provides remote sense, minimizing output voltage drop due to the ferrite bead. Refer to the
following table for second stage L-C filter recommendations based on the output voltage.

K 7-3. Second Stage L-C (Ferrite Bead) Filter Design Recommendations

VOUT (V) FERRITE BEAD IMPEDANCE (AT 100MHZ) OUTPUT CAPACITORS ()
<1.0V 8 to 20Q 2 x 22F, 10V, 0805
1.0V < Vour < 2.2V 8 to 20Q 1 x 22uF, 10V, 0805
>2.2V 8 to 20Q 2 x 22uF, 10V, 0805

(1)  For output capacitor part numbers, see % 7-5.
(2) For second stage L-C filter part numbers, see 3 7-6.

7.2.2 Detailed Design Procedure

If the specific design is not found in & 7-2, TI recommends WEBENCH to generate the design. Alternatively,
follow the manual design procedure in &2>=22-7.2.2.2.

7.2.2.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the TPS6296x device with the WEBENCH Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VouT), and output current (Ioyt) requirements.

2. Optimize the design for key parameters such as efficiency, footprint, and cost.

3. Open the advanced tab to optimize for output voltage ripple.

4. Afterin a TPS6296x design, you can enable the second stage L-C filter and change other settings from the
drop-down on the left.

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

In most cases, these actions are available:
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* Run electrical simulations to see important waveforms and circuit performance
» Export customized schematic and layout into popular CAD formats
» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

7.2.2.2 External Component Selection

7.2.2.2.1 Switching Frequency Selection

The switching frequency can be chosen to optimize efficiency (lower) or ripple noise (higher). Using the higher
700kHz or 1.1MHz setting increases the gain of the feedback loop and can result in lower output noise.
However, additional considerations for minimum on-time and duty cycle must also be considered. First, calculate
the duty cycle using =\ 3. Higher efficiency results in a shorter on-time, so a conservative approach is to use a
higher efficiency than expected in the application.

_ Vour
T VIN X7 (3)

where:
» n = estimated efficiency (use the value from the efficiency curves or 0.9 as an conservative assumption)

Then, calculate the on-time with 500kHz, 700kHz, and 1.1MHz using = 4. The on-time must always remain
above the minimum on-time of 70ns. Use the maximum input voltage and maximum efficiency to determine the
minimum duty cycle, Dpyin. Use the maximum switching frequency for fgyy.

Dimin
T = 4
ON f SW_min ( )

then

e IftoN min Minimum < 70ns with 1.1MHz, use 700kHz.

+ Ifton min MiNimum < 70ns with 700kHz, use 500kHz

+ Ifton min MiNimum < 70ns with 500kHz, reduce the maximum input voltage.

+ Ifton min MiNimum = 70ns, use a lower frequency for highest efficiency, or the highest frequency for the
lowest noise and ripple.

7.2.2.2.2 Inductor Selection for the First L-C Filter

The inductor must be rated for the appropriate saturation current. = 5 and 3\ 6 calculate the maximum inductor
current under static load conditions. The formula takes the converter efficiency into account. The calculation
must be done for the maximum input voltage where the peak switch current is highest.

Vour X<1 _ Vour )

_ _n VINX 7
AIL - fsw X L (5)
Alp,
Ippak = lour + —— (6)

where:

*  fswis the switching frequency (500kHz, 700kHz, or 11MHz).
* L =inductance.
* n = estimated efficiency (use the value from the efficiency curves or 0.9 as an conservative assumption).

e

The calculation must be done for the maximum input voltage of the application.
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Calculating the maximum inductor current using the actual operating conditions gives the minimum saturation
current. Tl recommends a margin of 20% be added to cover for load transients during operation.

See & 7-4 for typical inductors.

# 7-4. Inductor Selection

INDUCTOR VALUE MANUFACTURER PART NUMBER SIZE (L x W x HIN mm) | ISAT/DCR (30% DROP)
470nH Coilcraft XGL4030-471 4x4x31 14.2A 1 3.4mQ
470nH Coilcraft XGL5020-471 5x5x21 15.7A/3.7mQ
1uH Coilcraft XGL4020-102 4x4x21 8.8A/8.2mQ
1uH Coilcraft XGL4030-102 4x4x31 10.3A/6.5mQ
1uH Wurth Elektronik 74438356010 41x41x21 9A /12mQ
1uH Wurth Elektronik 74438357010 4.1x41x%x31 9.6A/11.6mQ
1uH Coilcraft XGL5020-102 5x5x21 11.4A/7.5mQ
1uH Coilcraft XGL5030-102 5x5x3.1 14A 1 4.8mQ

For applications with small (< 100ns) on times, Tl recommends a smaller (approximately 470nH)

inductance.

7.2.2.2.3 Output Capacitor Selection

The effective output capacitance can range from 80uF (minimum) up to 400uF (maximum) for a single L-C
system design. When using a second L-C filter, the first L-C filter must have output capacitance between 80uF
and 160pF, the second stage L-C filter (if used) must have at least 20uF of capacitance, and the total
capacitance for both L-C filters must be less than 400uF. Load transient testing and measuring the bode plot are
good ways to verify stability.

pas
For designs requiring cold temperature (< —10°C) operation, Tl recommends to use a minimum
effective output capacitance of 120uF for a single L-C system design or within the first L-C filter when
using a second L-C filter design.

Tl recommends ceramic capacitors (X5R or X7R). Ceramic capacitors have a DC-Bias effect, which has a strong
influence on the final effective capacitance. Choose the right capacitor carefully in combination with considering
the package size and voltage rating. The ESR and ESL of the output capacitor are also important considerations
in selecting the output capacitors for low noise applications. Smaller package sizes typically have lower ESL and
ESR. Tl recommends 0805 or smaller packages, as long as the packages provide the required capacitance and
voltage rating for stable operation. # 7-5 lists recommended output capacitors.

#F 7-5. Recommended Output Capacitors

CAPACITOR TYPE CAPACITOR VALUE MANUFACTURER VOLTAGE (V) PACKAGE
Bulk Capacitor 22uF, X7S TDK C2012X7S1A226M125AC 10 0805
Bulk Capacitor 47uF, X7R Murata GRM32ER71A476ME15L 10 1210

7.2.2.2.4 Ferrite Bead Selection for Second L-C Filter

Using a ferrite bead for the second stage L-C filter minimizes the external component count because most of the
noise sensitive circuits use a RF bead for high frequency attenuation as a default component at the inputs.

Make sure to select a ferrite bead with sufficiently high inductance at full load, and with low DC resistance (below
10mQ) to keep the converter efficiency as high as possible. The ferrite bead inductance decreases with
increased load current. Therefore, the ferrite bead must have a current rating much higher than the desired load
current.
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The recommendation is to choose a ferrite bead with an impedance of 8Q to 20Q at 100MHz. Ferrite beads can
be used in parallel if higher current is needed, however this can halve the inductance and filtering. Refer to
7-6 for possible ferrite beads.

# 7-6. Recommended Ferrite Beads

PART NUMBER MANUFACTURER SIZE 'MPE(%‘N'I‘:ZE AT INDU1%I)':A"|‘-|2E AT DC RESISTANCE CI;":T'TEET
(CALCULATED)
BLE18PS080SN1  |MuRata 0603 8.50Q 13.5nH 4mQ 5A
BLE32SN120SN1L |MuRata 1210 120 18 nH 0.78mQ 20A
74279221100 Waurth Elektronik 1206 10Q 15.9 nH 3mQ 10.5A
7427922808 Wurth Electronik 0603 8Q 12.7 nH 5mQ 9.5A

The internal compensation has been designed to be stable with up to 50nH of inductance in the second stage
filter. To achieve low ripple, the second L-C filter requires only 5nH to 10nH inductance. The inductance can be
estimated from the ferrite bead impedance specification at 100MHz, with the assumption that the inductance is
similar at the selected converter switching frequency of 500kHz, 700kHz, or 1.1MHz, and can be verified through

tools available on some manufacturer websites. Use 7\ 7 to calculate the inductance of a ferrite bead:

z (7)

L=7%7

where

» Zis the impedance of the ferrite bead in ohms at the specified frequency (usually 100MHz).
» fis the specified frequency (usually 100MHz).

7.2.2.2.5 Input Capacitor Selection

For the best output and input voltage filtering, TI recommends X5R or X7R ceramic capacitors. The input bulk
capacitor minimizes input voltage ripple, suppresses input voltage spikes, and provides a stable system rail for
the device. Tl recommends a 10uF or larger input capacitor. Having two in parallel further improves the input
voltage ripple filtering, minimizing noise coupling into adjacent circuits. The voltage rating of the cap must also
be taken into consideration, and must provide the required 5uF minimum effective capacitance after DC bias
derating.

In addition to the bulk input cap, a smaller cap must be placed directly from the VIN pin to the PGND pin to
minimize input loop parasitic inductance, thereby minimizing the high frequency noise of the device. The input
cap placement affects the output noise, so care needs to be taken in placing both the bulk cap and bypass caps

as shown in Z=225.-7.4.2. 3% 7-7 lists recommended input capacitors.

# 7-7. Recommended Input Capacitors

INPUT CAP TYPE CAPACITOR VALUE MANUFACTURER VOLTAGE RATING (V) PACKAGE SIZE
Bulk Ca 10uF, X7S TDK 25 0805
ulk &-ap HF, C2012X7S1E106K125AC
Murata
Bypass Cap 2.2nF, X7R GRM155R71E222KA01D 25 0402

7.2.2.2.6 Setting the Output Voltage

Choose resistors R1 and R2 to set the output voltage within a range of 0.6V to 5.5V, according to =\ 8. To keep
the feedback network robust from noise, and to reduce the self-generated noise of resistors, set R2 equal to or
lower than 5kQ. Lower values of FB resistors achieve better noise immunity, and lower light load efficiency, as
explained in the Design Considerations for a Resistive Feedback Divider in a DC/DC Converter analog design

journal.
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R1=R2x(%—1)=R2x(%—l) (8)
VOUT (V) R1 R2

0.75 1.21kQ 4.87kQ

0.9 2.43kQ 4.87kQ

1.0 3.24kQ 4.87kQ

12 4.87kQ 4.87kQ

18 9.76kQ 4.87kQ

25 15.4k0 4.87kQ

33 21.5kQ 4.87kQ

5 35.7kQ 4.87kQ

A feedforward capacitor (Cgg) is not required for proper operation, but can further improve output noise.
However, care must be taken in choosing the Cgg because the power-good (PG) function can not be valid with a
large Cgr during start-up, and can cause spurious triggering of the PG pin during a large load transient. Refer to
the Pros and Cons Using a Feedforward Capacitor with a Low Dropout Regulator application report for a
discussion of the pros and cons of using a feedforward capacitor.

7.2.2.2.7 Bootstrap Capacitor Selection

A 0.1uF ceramic capacitor must be connected between the BOOT and SW pins for proper operation. The
capacitor must be rated for at least 10V to minimize DC bias derating.

A resistor must be added in series with the BOOT capacitor to slow down the turn-on of the high-side MOSFET
and rising edge overshoot on the SW pin for applications with input voltage greater than 13.5V, which comes
with the trade off of more power loss and lower efficiency. As a best practice, include a 0Q placeholder in all
prototype designs in case parasitic inductance in the PCB layout results in more voltage overshoot at the SW pin
than is normal, which helps keep the voltage within the ratings of the device and reduces the high frequency
noise on the SW node. The recommended BOOT resistor value to decrease the SW pin overshoot is 2.2Q.

7.2.2.2.8 NR/SS Capacitor Selection

As described in 2272 6.3.8, the NR/SS cap affects both the total noise and the soft-start time. The
recommended value for a 5ms soft-start time and good noise performance is 470nF. The maximum NR/SS cap
is 3.3uF for a start-up time of 35ms. Values greater than 1uF have minimal improvement in noise performance.
Use the following equations to calculate the soft-start time based on desired soft-start time or the chosen
capacitor value.

CNRss X 0.6V
tee |5 = —F——— 9
”( ) INRSS ()
c F)= INRSS X tss 10
Nrss\F | = o6 (10)
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7.2.3 Application Curves
VIN =12V, VOUT =1.2V, TA = 25°C, BOM = * 71
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95 95
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Output Current (A) Output Current (A)
Vout = 0.6V 0.47uH, 500kHz 1st L-C only Vout = 1.2V 0.47uH, 500kHz 1st L-C only
7-2. Efficiency vs Load Current 7-3. Efficiency vs Load Current
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Output Current (A) Output Current (A)
Vout = 0.6V 0.47uH, 700kHz 1st L-C only Vout = 1.2V 0.47uH, 700kHz 1st L-C only
7-4. Efficiency vs Load Current 7-5. Efficiency vs Load Current
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7.3 Power Supply Recommendations

The power supply to the TPS6296x must have a current rating according to the supply voltage, output voltage,
and output current of the TPS6296x.

7.4 Layout
7.4.1 Layout Guidelines

A proper layout is critical for the operation of any switched mode power supply, especially at high switching
frequencies. Therefore, the PCB layout of the TPS6296x demands careful attention to make sure of best
performance. A poor layout can lead to issues like bad line and load regulation, instability, increased EMI
radiation, and noise sensitivity. Refer to the Five Steps to a Great PCB Layout for a Step-Down Converter analog
design journal for a detailed discussion of general best practices. Specific recommendations for the device are
listed below.

Place the input capacitor or capacitors as close as possible to the VIN and PGND pins of the device. This
placement is the most critical component placement. Route the input capacitors directly to the VIN and PGND
pins avoiding vias.

Place the inductor close to the SW pin. Minimize the copper area at the switch node.

Place the output capacitor ground close to the PGND pin and route directly avoiding vias. Minimize the length
of the connection from the inductor to the output capacitor.

Connect the VO pin directly to the first output capacitor, Coyr.

Connect sensitive traces, such as the connections to the NR/SS, VO, and FB pins with short traces and be
routed away from any noise source, such as the SW pin.

Connect the PSNS pin directly to the system GND plane with a via.

Place the second L-C filter, L and Cs, near the load to reduce any radiated coupling around the second L-C
filter

Avoid placing the ferrite bead in the keep out region as shown in [X] 7-9

Place the FB resistors, R1 and R2, close to the FB pin and route the VOUT connection from R1 to the load as
a remote sense trace. If a second L-C filter is used, this connection must be made after L;.

See the recommended layout implemented on the EVM and shown in the EVM user's guide, TPS62968 Step-
Down Converter Evaluation Module User's Guide, as well as in [X] 7-9.
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7.4.2 Layout Example

7-8. Recommended Layout for Single L-C Filter

T
The start winding of the inductor, as shown in the figures as a black dot, must be connected to the
DC/DC converter switch pin, SW, to minimize capacitive coupling to the surrounding area.

T
The red dot indicates where the feedback sense must be placed for the best DC regulation. For a
single L-C configuration, the feedback sense is placed near the VOUT capacitors. For a second L-C
filter design, the feedback sense is placed near the load after the VOUT_FILT capacitors.
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00 00 00

7-9. Recommended Layout for Design with Second L-C Filter

b2
The ferrite bead can be placed closer to the device as long as the ferrite bead is not placed between
the inductor and output capacitors. Placing the ferrite bead further away avoids capacitive and
electromagnetic coupling to the output of the ferrite bead. If the ferrite bead is placed in the keep out
area, the filtering effect of the ferrite bead is greatly reduced. If the ferrite bead is routed through a via
to the back side of the board, make sure adequate ground plane between the layers if the ferrite bead
are in this area.
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8 Device and Documentation Support

8.1 Device Support

811 Y —F - NW—FTr BEICHT SEFF

PR =T B F 7 T — BRI T AT R R A R AY DI IR E T T R AR A
YOG RIS NG A I BIR R =R N =T B F T T — B RO A VR 35 R
—R =T L F T —EAD R ORI L BRI 5D TIEHVEE A,

8.1.2 Development Support

8.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS6296x device with the WEBENCH Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.

2. Optimize the design for key parameters such as efficiency, footprint, and cost.

3. Open the advanced tab to optimize for output voltage ripple.

4. Afterin a TPS6296x design, you can enable the second stage L-C filter and change other settings from the
drop-down on the left.

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

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
» Export customized schematic and layout into popular CAD formats
» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

8.2 Documentation Support
8.2.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Pros and Cons Using a Feedforward Capacitor with a Low Dropout Regulator application
report

» Texas Instruments, TPS62916 Step-Down Converter Evaluation Module User's Guide EVM user's guide

+ Texas Instruments, Five Steps to a Great PCB Layout for a Step-Down Converter analog design journal

+ Texas Instruments, Design Considerations for a Resistive Feedback Divider in a DC/DC Converter analog
design journal
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8.5 Trademarks

THXY R AL AV A Y E2E™ is a trademark of Texas Instruments.
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WEBENCH® is a registered trademark of Texas Instruments.
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9 Revision History
EERE S RRBORFIIUGET 2R L COET, TOYGTBIRIZRGEMICEC T ET,
DATE REVISION NOTES

December 2024 * Initial Release

10 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TPS62964RPYR Active Production VQFN-HR (RPY) | 14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62964
TPS62964RPYR.A Active Production VQFN-HR (RPY) | 14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62964
TPS62966RPYR Active Production VQFN-HR (RPY) |14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62966
TPS62966RPYR.A Active Production ~ VQFN-HR (RPY) |14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62966
TPS62968RPYR Active Production VQFN-HR (RPY) | 14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62968
TPS62968RPYR.A Active Production VQFN-HR (RPY) | 14 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 T62968

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

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

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents Tl'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. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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RPY0014A

PACKAGE OUTLINE
VQFN-HR - 1 mm max height
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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
RPY0014A VQFN-HR - 1 mm max height
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
RPY0014A VQFN-HR - 1 mm max height
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SCALE: 20X
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NOTES: (continued)
5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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